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ABSTRACT

The construction industryds two main cert.
Environmental Design (LEED) and Energy Star.aChieve the triple bottom line of
sustainability for these certificationsoth certificationshould make a positive impact
individually as well as mutually, with their impact extending to the surrounding
neighborhood. This research examined the sml@ifect of LEED and/or Energy Star
certified office buildings on the property valuesottierbuildings in their neighborhood
in Manhattan, New York City from an economic standpoint. The spatial analysis
approactusing the Geographic Information Systenddhe statistical analysapproach
based on the Hedonic Price Model and the Linear Mixed Effect Model were applied to
identify thegeographicatlistribution of LEED and/or Energy Star certified office
buildings and their other buildings in their neightmods and analyze the impact of the
former on the latter. The results were as follows: 1) There was a significant correlation
between a LEED and/or Energy Star certified office building and the unit market values
of its adjoining buildings through the umitarket values of the certified office building,
the LEED and/or Energy Star certification achievement, and the major features of LEED
certification; 2) There was a varying spillover effect of the certified office building on the
median unit market valuef buildings depending on their proximities to a LEED and/or
Energy Star certified office buildin@his research provides a firm foundation for further
efforts to quantify the spillover effect of LEED and/or Energy Star certification on a
neighborhood fronan economic standpoint, thegpporing andencouraging growth in
the local real estate market and benefitting not only the owners, developers, and investors

of the certified office building but also the owners of neighboring buildings
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CHAPTER 1

I ntroduction

The increaing emphasis on sustainability in all aspects of our daily isses longer
limited toresearchers in fields such as the humanigesnomicsand social sciencdsit
is also attracting interest frothose inengineeing and environmental scier Thishas
added to the pressure on construction professionals to explore the wide range of options
that are being developed to support sustainable construction practices. Of particular
relevance are the efforts of environmental bodies in developed countfiles teays to
measure sustainabilinf buildingsthroughsystematiassessment and assign levels

according taone of the developegreen building rating systems.

In the United Stateshetwo leading green building certifications are Leadership in
Envirormental and Energy Design (LEED) and Energy,Siath of which are utilizeth
the constructioindustry Theinterestin andnumber of these certifications around the
world hasalsoincreased steadijland thelU.S. Green Building Council (USGB®
currently establishingand operating the LEED International Roundtableich consiss
of 34 countriest the time of writing2014 to supportLEED certificationinternationally

as a green building powerhouse.

As a result ofhis growing interestand the incrasing number of LEERNdEnergy
Starcertified building, numerougesearcherbave studiedheimpactof LEED and/or
Energy Star certificationonvarious aspects @ur communitieslooking at a wide range
of research topics aratloptingvariousapproachs. A number of studies have
demonstratethe impactof LEED and/or Energy Star certificatiam the propertyvalues
of the LEED andbr Energy Star certified buildisgandhavefound thatLEED and/or
Energy Star certificatiogenerallyhad a positiveimpad on the certified buildingrom an
economic standpoineitherdirectly or indirectly. At the same timthese studiebave
rarelyaddresedthe ned forresearchnto the impact oLEED and/or Energy Star
certificationonthe property valuesf the othetbuildingsin the surrounding
neighborhoodAn overallstatisticalpicture of theeconomicmpact ofLEED and/or

Energy Star certiid buildingsonthe property values difuildings in their neighborhood
1



would thusbe helpful,providing a morecomprehensiv@icture of the contribution to
local real estate markeasdcommunitesas a elemenbf the sustainabilityof green
building certificationvia the LEED andEnergy Stacertifications Theresearch reported
in this dissertatiomiseda spatialanalysisapproachto integratedetailedgeographic
informationon LEED and/or Energytar certifiedoffice buildings andouildings intheir
neighborhoods andeterminefunctionaldefinitions ofadjoining building, neighborhood
and subneighborhood. In additiorstatstical analysispproachesere appliedo

identify correlatiors betweera LEED and/or Energy Starertified office building andits
adjoining buildingsneighborhoodsand five suineighborhoodé§om aneconomic

standpoint.

This research was based on tajecture thathe LEED and/or Energy Star
certificatiors areindeedamongthe socieenvironmental factors that ¥xaa significant
impact on the property values of surroundmagldings in their neighborhoodm this
case by servings an external featel in theexistingenvironment Moreover, thescopeof
this researciBhould be fundamental in nature if it is to fully explore a new way of
expanding the concept of Agreeno beyond si mp
critical economic factoreelatel to green building certificatiosithat take into account not
only the notions of energy efficiency and environmentalism, but also the economic
performance of the certified buildings aogildings intheir surrounding neighborhoads

win-win strategieshat benefitboth local reakstatemarket and local communigs

Problem Statement

In theory thepropertyvalueof a buildingis appraiseased on both its internal
featuresandexternal features iiis existingenvironment The particularinternal featues
of an individualbuilding canalsoplay a role as a significaeixternal featuré the
existingenvironmenbf neighboring buildingsn areal estate appraisg@tpley and
Rabianski 1981; Bloom et al. 1984; Epley et al. 200R)reover, thalifferentimpact of
external features ithe existingenvironmenbnthe property valuesf buildings in a

neighborhoodlepending om buildings proximity to thosefeatureshas been clearly



demonstrate in previousstudies focusingon the spillover effect aéxterna features in
the existing environmenthis research intéhe spillover effect othelocal

neighborhood area examined the impacexiernalfeaturessuch as the unit market value
of the LEED and/or Energy Star certified office building, the achievero€hEED

and/or Energy Star certification, and the specific characteristics of LEED certification
the existing environmem its neighborhoodrom an economicstandpoint

Accordingdy, theresearch questicexamined raisgthe possibility othe potenal
spillover effects of LEED and/or Energy Star certified office buildingsheir
neighborhood property values a function othe different proximities between the
certified office building and buildingecated witlin the sameareighborhoodLEED
and/a Energy Star certificatiomight be a private or independent feature in the existing
environmensurroundinga buildingin the same wags a characteristic like a foreclosure
hada negative impact oproperty values in theurroundingneighborhood, althagh in
this case itvashypothesizedo deliver a property value benefit buildingsin the
neighborhoodireaaroundthe LEED and/or Energy Starertified office buildingsdue to
the positiveeconomic impact of LEED and/or Energy Star certification orptheerty
value of certified office buildingd/arious strengths of spillover effects from three
different types of certified office buildingeaamely achievingonly LEED certification,
only Energy Star certificatiorgr both theLEED and Energy Star cdiiiations were
thereforeinvestigated based on the proximity betwédscertified office building and
individual buildings in its immediate neighborhoddhe certificatiors were expected to
exert various strengths tife spillover effect on market valués the neighborhood,
depending on how close each buildangd each neighborhoakreto the certified
building.

Increasing theropertyvalue of buildings in a neighborhood has benefits not only
for the people who owthosebuildings but also fotthelocal real estate market and local
community Hence this dissertation defirsgincrease irthe market value of a buildir@as
an economic benefit to theertified office buildingowners and people associated witte

certified office building; moreoverthis studyexploresthe economic benefitgrovided by

! Table5.1 in Chapter 5.



aLEED and/or Energy Staertified office buildingin terms oftheir ability to supportan
elementof the sustainabilityof thesecertificationsby providing evidence that theydeed
contribute tosatising the economic aspect tifetriple bottom line of sustainabilitior
the LEED and Energy Star certificatiarnvironmental Economic, and Socfal

As a result, his researclvas designed to measure #nomic benefits to the
surrounding neighborhabarea conveyed by EED and/or Energy Star cergfil office
buildingsas a function of market valuand to examine more closely the meaning of

sustainabilityin the contexbf LEED and/or Energy Star certification

Objectives

The major objectives of ih dissertatiomesearchwere (1) to determine the
geographical definition of the neighborhoaxd subneighborhoodireas of LEED and/or
Energy Stacertified office buildings to facilitatethe measurement tie spillover effect
of LEED and/or Energy Staertificationand (2) toestablistnumerical equationgsing
statisticalmodelingapproacheso analyzethe correlation betwedhe attributes o
LEED and/or Energy Starertified office building andotherbuildings inits

neighborhood areaisinga market value data set provided by a governnaggncy
Additional objectives of this researalere

To define key terminologiesertified building, dfice building, adjoining
building, neighborhoodareasproximity radius,unit market valuemedian unit

maiket value, valking distance, New York City
To identify and classify LEED and/or Energy Star certifidfice buildings

To classifynearby buildings as beiragjoining buildings opart ofthe

neighborhoodreas;

To identify the characteristics of buildjs in the same neighborhood;

Freer Spreckley (1981). frSoocpat audet WorAkMagagh@mend
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To determinghe correlatiorbetween the unit markealueof buildings in the
same neighborhood or the median unit market valseileheighborhoodreas
surrounding LEED and/or Energy Star certified office buildiagd theunit
market value of LEED and/or Energy Startified office buildings in Manhattan,
New York City;and

To identify any correlations between changes in the unit market values of
certified office buildings antuildings in theirneighborhoodirea and thesub
neighborhoodirea based ateir proximity to the certified building by
measuring trends in the median unit market values of buildings in the same

neighborhoodr subneighborhood

Research Approach

The research approatdr this researclkonsised of identifying and determinindata
related tahe objective®utlined inthe research questiogsidingthis research. The

overall objectivesvere investigated by thillowing tasks

1. Literature reviewAn extensive literature review was conducted in otder
gather as muchmformationas possible regardinuast and presenesearch intohe
various topicghatwereimmediatelyrelated to th&eywords of this dissertatipmamely
sustainability LEED certification Energy Stacertification spillover effect market value,
neighborhoogdhedonic price modelinear mixed effectmodel,andGeographic
Information System (GISNumerous literatureepors dealingwith topicsthatcovered
the key terminologies of this dissertatisom varioustheoreticalbr pracical research
standpointsvere identified. e literatureeview served as asafulwayto establish the
specificdefinitions of the terminologiesitilized for this dissertationtaking into
consideationthe multiple conditions #setopicsincluded However, no reports were
found of studesexamiring the spillover effect oEEED and/or Energy Star certification

from either areconomic standpoirtf the type needed to addréks triple bottom line of



sustainabilityfor these certificationd Instead, rostprevious studies focesl primarily
onconstructingvarioustypes of infrastructure facilitiesr changingeconomicconditions
at eitherthe macrescale or micrescale.In spite of the laclof informationon the
spillover effect offeatures associated witleED and/or Energy Star certificatipih was
reasonable to expeatLEED and/or Energy Star certifiedfice building to be one of the
features in existing environmeritgt hal an effect orsurrounding buildinggrom the
economic standpoinMoreover,any changesn theproperty valusof LEED and/or
Energy Star certifiedffice buildings due to the achievementldfED and/or Energy
Star certificatiorwerealsolikely to have areconomiampact onthe propertyvalues of
buildingsin the surroundingneighborhood Thereforea LEED and/or Energy Star
certified office buildingcould beanappropriatestarting point from which to examine the
resultingspillover effectof LEED and/or Energy Star cerafil office buildingonthe
property valus of buildingsin its neighborhood

2. Data collection andeproductionVariousprimarydata sets werequiredto
carry out the statistical analysis for this dissertatidresedata setsvere provided by
severalifferentorganizationsall of which employedlifferent styes or types of primary
data. Therefordat wasnecessaryo extract thenecessary informatiofnom the primary
data set andreformatthe data to make it compatible witine statisticalmethod utilized

for this research in terms tife secondary data set

3. Geographicaanalysis methadt was important tginpointthe precise
geayraphicinformationof each of theelEED and/or Energy Star certified officelildings
andadjoining buildings obuildingsin their neighborhoodfor this dissertationThe
numercal datasetsfrom several organizationgereimportedinto theGIS, including
ArcGIS 10.1, and the dataveretransformednto an appropriat@isualizationto facilitate
the depiction of trends in thdataon a different typeof map foreachneighborhoodThe
ArcGIS 10.1 toolsupported the geographical analysydeterminingthe group of
adjoiningbuildings based on the geographical locatiomdividual LEED and/or

Energy Star certified office buildings atiter neighborhoodireas based on the radius

® Table 5.1 in Chapter 5.



fromthecentroid ofthe geographical location of the certified office buildivgrifying a
few determinations visually, armbnstructingand exporting @& integratedlata sheet
containing theequiredinformationof all the buildings for the statistical alysis
approaches

4. Statistical analysis method: The spillover effect was measuredadyinng the
correlation between thanit market value oéachLEED and/or Energy Staertified
office building and theinit market value of adjoiningbuildingsor the nedian unit
market values of buildings in the neighborhoods andr&igphborhoodsising two
statistical ankysis modelsthe hedonic price model antthe linear mixed effectmodel.
Both nodekwerebased on numerical data, doothprovided the significanc®r each
correlationmeasuredbetween alependenvariableand independent variabless well as
the directionnamely theoositive or negative impaabf the correlation betweeaachpair
of independent and dependent variabléhe hedonic price model wasilized for the
measurements of social capital or the value otthearonmentased on cross sectional
data for property values, and was also applied for measuring the neighborhood effect that
occurreddue to the characteristics of the economic andipalymakeup of the area.
However, the hedonic price model was less useful for analyzingrnbgudinaldata
because the model focuses on a specific poititne. In thisresearchthe hedonic price
model was utilized to determine thaturallogarithmic transformatiorof the values of
thedata setperformed taobtain improved Rvalues. The linear mixed effect model was
generally employed as it providedisefulwayto analyzeboththe crosssectional data
andthe longitudinaldatg moreover, this modevas utilized toquantifythe significance
of the correlations between independent variables and dependent variable and the
strength otheimpact ofeachindependentariable on the dependent variable through the

statisticalresults in this dissertation.

5. Comparisorof thestrengthof spillover effectof LEED and/or Energy Star
certified office building It was essential for thstrength ofhe spillover effectonthe
adjoining buildings andeighborhood surroundingeach of the.EED and/or Energy Star
cetified office buildings to be supported by a rigorowsatisticalanalysis.The coefficient

values of the independent variabdereported in this dissertation therefardicatel the
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strengthof the spillover effectbased on each buildiggproximity to aLEED and/or
Energy Star certifiedffice building, as well aghe variationsin the strength othe
spillover effect okeachLEED ard/or Energy Star certdid office buildingwas considered
based on fivencrementallydecreasingproximities tothat LEED ard/or Energy Star
certified office building

6. Recommendations faupportingthe sustainability of LEED and/or Energy Star
certification: The purpose of this dissertativas todefinethe sustainability oLEED
and/or Energy Star certificatian terms ofthe economi@ffect of LEED and/or Energy
Star certifed office buildingon ther adjoining buildings andeighbohoodarea based
onfive different proximitiesto the certified office building. Theecommendatiosof this
dissertatiordescribethe currenstatus othe sustainability oLEED and/or Energy Star
certificationfrom an economicstandpointand suggest the necesdiy improvingour
understanding ahe sustainabilityjor LEED and/or Energy Star certificatidoy

conducting furtheresearchn this area

Dissertation Organization

This dissertation consists of one conference paper and three journal articles grouped
under a single research themath individual manuscrigbeing presentedsindividual
chaptes. Thereis, therefore, inevitablgome repetitioramong thentroductorysectiors
andbackgroundnformation in these fouchapterdvecauseach wasvritten asa self

contained paper.

Chapter 1: Introductioni Theintroducbry section of this dissertation consists of

the problemstatementobjectives, research approach, and dissertation organization.

Chapter 2: TheEffect of LEED Certified Building on the Surrounding
Neighborhood in New York Cifly This conferencepaperdemonstraté how the enhanced
real estate value of LEED certified buiids in New York Citydoes indeed extertd
adjoining commercial buildings bgentifying the correlation betweethe propertyvalue

of eachLEED certified building andhat ofits adjoining commercial buildingby



looking at their market valugaspart d the preliminaryresearctcarried out for this
dissertationThe result presented ithis papesshowedthat one otheleading green
building certifications, Energ$tar,could alsobenefit from a deepestudyof the
economicbenefitsto neighboring buiingsin furtherresearchThis conference paper
was presented armiblishedin The Proceedings ofhe Fifth International Conference on
Construction Engineering and Project Managem@taheim CA, USA, January41,
2013).

Chapter 3: The Impact of LEEEEnergy Star Certified Office Buildingn the
Market Value of Adjoining Buildings in New York Qity¥his journal paper will be
submitted to thdournal of Sustainable Real Estate2015. The purpose of this research
was to understand the effect of LEED &ndEnergy Star certified office buildings in
ManhattanNYC on the unit market value of adjoining buildinfggm an economic
standpoint. This studgxtenadthe work reported iChgter 2, andncluded additional
fundamental research guantifythe effe¢ of LEED and/or Energy Star certified office
buildingsontheir neighboring buildingsfocusing specifically othe correlation between
the features of LEED and/or Energy Startified office building and the unit market
values of theiadjoinng buildings over timausingboth spatial andtatisticalapproaches

adopting a economicstandpoint

Chapter 4: The Impact of LEEEENnergy Star Certified Office Buildings the
Market Values of Neighboring Areas in New York Cifyhis manuscript will be
submittel to theJournal of International Real Estate and Construction Stuidi@915
This research examined the effect of LEED and/or Energy Star certified office buildings
on the median unit market valuetfildings intheir neighborhoodsbased on the
generdly accepteddefinition ofwalkable distanceSpatial and statistical analyses
revealed interestindifferences between thempact of LEED and/or Energy Star
certificationbased on theorrelation betweesapecificfeaturesof each type of
certificationand the median unit market value of buildings in the neighborHmd an

economic standpoint

Chapter 5: The Spillover Effect of Proximity to LEEIEnergy Star Certified Office
Buildingson Neighborhood Market Values in New York Citihis paperwill be

9



submitted to theJournal of Green Buildingn 2015. This research focuden conducting
spatial and statistical analyses to identifg spillover effect of LEED and/or Energy Star
certified office buildings in Manhattan, New York Cignthe median unit méet values

of surroundingbuildingsin five distinct subneighborhoodéy examining the impact of
five differentproximitiesbetween a LEED and/or Energy certified office building and
eachof thefive subneighborhooddasedn the median unit market valwfthe

buildings in each subeighborhoodBasedn the methn unit market valué®r eachsub
neighborhooaentered on a LEED and/or Energy Star certiGiéfate building, the

strength of this spillover effeclue to the.EED and/or Energy Star certifiexffice

building revealed by theorrelations between the featureslw LEED and/or Energy

Star certified office building and the median unit market value of buildings in each sub
neighborhoodvereindeedfoundtod e pend on a buithedertited 6s pr oxi m
office building, but the spillover effect of the certified office buildings indicated a
positive direction for all fiveof thedifferent subneighborhoodsegardless athe

proximity to the certified office buildingf each

Chapter 6: Conclusonsand RecommendatioiisThis chapter summarige¢he
overall research including the major findingsnclusions of each chaptand
contributions,and also suggesseveral recommendations for future research on the

spillover effect of LEED and/or Enerdtar certified office building

Appendix A: Glossaryi This appendix providedetailed definition®f key terms in
this dissertationo prevent readers from misunderstandaagentiallyambiguous

meaninggshat may be associated witachterm

Appendix B: Extended literature review This appendix provideadditional
specificinformation about the economic benefifsSLEED and/or Energy Star certified
office buildings. Furthermorethe characteristics of commutdrsng and/or working in
Manhattan, Nework City, anddata orNew York CityMetropolitanTransportation
Authority (NYCMTA) subway ridershipelated to theleerminationof walkable distance

in Manhattan, New York Cityfor this dissertatiomre explained in this appendix.
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Significance

The mgor contributions made by this research comsisif the comprehensive
analyses provided afhe economic impacts efLEED and/or Energgertified office
building on otherbuildings inits neighborhoodand changg in thespillover effect of the
certified dfice building based on proximity to the certified office buildifidnis extend
previous studigsvhich haveinvestigatedhe economic or environmental benefits of
LEED or Energy Star certificatiomnly on the certified building itselisingeconomic
measirements othe property valuesuch as rentahtes unit sales pricepccupancyate,
and so onor its operatonalandmaintenanceoss such as thenonthlyor annual energy
bills and the amount of water consumptidihe studies included in this disserba
represent the first attempt to evaluate the wider benefits dueBED and/or Energy Star
certificationfor their surroundingieighborhoodandtheir local communities and
governmentérom an economic standpointn particular, the spillover effect aflLEED
and/or Energy Star certified office buildimgd itseconomic benefitfor neighbomg
buildingswith differentproximitiesto the certifiedoffice building bre&k new groundThe
methodalogies in this dissertatiotontributel to themeasurement dhe spillover effect
onthe local real estate markas a result of a building gainindgcED and/or Energy Star
certification Theseapproachsare expected to contribute to future effadslevelopa
predicive modelthattakesinto accounthe potentialspillover effect of thee
certificationsfor future building investos or ownes. Theyarealsoexpected tde useful
whenconsidemng the revival and revitalization of local real estate markegt
encouragingiew construction or renovated building progtct aim forboth LEED and
Energy Stacertificationby local governments and communitgseking to suppotheir

localreal estate market.
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Chapter 2

The Effect of LEED Certified Building on the Surrounding Neighborhood
in New York City

Min Jae Sh', Annie R. Peardeand Young Hoon Kwak

Published in Proceedings ©lfie Fifth International Conference on Construction
Engineering and Project Managemefdnuary 2013naheim CA. Permissioro
reproduce it heravas granted bthe Korea Institute of @nstruction Engineering and
Managemen(August 2014).

Abstract: The construction industry has introduced the Leadership in Energy and
Environmental Design (LEEDjertificationto promote objective evaluations of the
sustainability of buildings. Three impgant values to considerhen implementing
sustainabilitywerethe associated environmental, social, and economic impacts. Recently,
researcherbave begun to investigate the real estate value of LEED certified buildings in
terms of the rentahtes occu@ncy ratecost per unit area, and resale value in order to
better understand the economic benefits of the LE&ffication However, the

economic benefits also encompass economic effects such as the impact of LEED certified
buildings onneighborhood rdastate values surrounding the certified buildings. This
research examines whether the enhancecestale value of LEED certified buildings in
New York City extends to surrounding commercial buildings, utilizing spatialysis

via a Geographic Informimn System (GIS) and the hedonic pricing method to derive
meaningful economicelationships. The results provide practical insights into the
economic effect of LEED certified buildings that will beiotierest to city officials and

planners, as well asd¢lowners, developers, investors and other stakeholders of

! Ph.D. Student, Myerkawson School of Construction, Virginia Polytechnic Institute and State University,
Blacksburg, VA, 24060. Email: mjsuh79@vt.edu

2 Associate Professor, Myetsawson School o€onstruction, Virginia Polytechnic Institute and State
University, Blacksburg, VA, 24060. Email: apearce@vt.edu

3 Associate Professor, School of Business, The George Washington University, Washington, DC, 20052.
Email: kwak@gwu.edu
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surroundindouildings.

Introduction

The recent increased emphasis on sustainability has encouraged the construction
industry to explore new ways to implement more sustainable construction prdctices
particular, several advanced countries such as the United States, the United Kingdom,
Japan, and Canada are attempting to measure the performance of green buildings through
rigorous assessment by developing national green building rating systemsliAgcdo
Pearce et a(2012) a number of green building rating systems have been developed
globally to examine and judge degree of capital project sustainalbiigse green
building rating systems are expected to contribute to the detailed and specific
understanding of sustainability by the stakeholders of the buildings.

The LEEDcertificationproposed by the United States Green Building Council
(UsGBC) in 1995 took as its starting point t
Establishment EnvironmertAssessment Method (BREEAM) and extended it to cover
different types of construction projects. The LEE@tificationis divided into six
construction sectors and includes new construction, existing buildings, and commercial
interiors. It also endeavors tover a wide range of conditions of construction projects in
a systematic mann¢Pearce et al. 2012n addition to the United States, 21 other
countries, including France, India, Mexico and Korea, participate in the LEED
International Program, supporng t he USGBCO6 s ceftifedationoft hat t he |
each of the participating countries represen
and | ocal out (MeAllstdr 2041 As a sesufh, Bapz Allem Hamilton Inc.
(2009)mentioned that theumber of LEED certified buildings is steadily increasing
worldwide, with approximately just over 4 million cumulative certified square feet
expected by the end of 2013. There are now sufficient LEED certified buildings that have
been in operation for lapnenough periods that studies of the effectiveness of the LEED
certificationand its impacts are now viable, leading to an explosive growth in research in
this area. Several researchers studied the impact on real estate values of LEED certified
buildings,revealing that the real estate values of LEED certified buildings tend to rise

13



after achieving the LEED certificatiqiMicGraw-Hill Construction 2008Miller et al.

2008; Eichholtz et al. 201 Guerst and McAllister 2011Y he real estate value is

determine by the principle of supply and demand in a competitive market economy, but

the real estate value of a building is also affected by two additional features: the real

property commodity itself, namely the-site characteristics of particular aspects ef th

property such as its physical features, aesthetic features, locational features and so on;

and its surrounding environment, which consists of external characteristics that affect the
property such as local economic factors, social factors, politicalrtaand so o(Epley

and Rabianski 1981; Epley et al. 200cGraw-Hill Construction (208), Miller et al.

(2008), Eichhtiz et al. (201, and Fuerst and McAllister (2011) concluded that

LEED certificationwas considered to be a feature of the reaperty commodity itself,

and researchers found that LEED certified buildings had higher real estate values than

would otherwise have been the case. The LEEI@ificationcould be likely to play a role

in terms of the surrounding environment as wells itherefore necessary to investigate

the impact of the LEED rating system on real estate values in the surrounding

neighborhood as part of research into the impact of LEED certified buildings on real

estate values. Sustainability as a concept was beiogssdisd long before the idea of a

green buildingcertificationexisted. The Organization for Economic-Gperation and

Development (OECD) published a report on the concepteéecd i ci ency ent i tl e
Common Futured in 1987, |farrtdstaindble Dewstopnmiest Busi ne
(WBCSD) also emphasized the importance ofeffiziency in their 1992 report

060Changing Cour se6. -effciemcy was firshietroduced) Madpnbuglo f e c o
and Braungarf2002)and Barbiroli(2006)have stressed thmportance of including the

concept of ecaeffectiveness if true sustainability is to be achieved. Kerstens(208all)

and Leg2004)suggested applying the principle of t|

sustainability. TBeEsto8wdd,f shodvPeoml &6 gud Rl a
OPeoplebdb represents soci al i ssues, including
using them; 6Pl anetd stands for the environn

and the prevention of natural resoudsapletion for the protection of natural environment;
and 6Profitd represents the economic benefit

infrastructure systems can return outcomes that are innovative and provide better values
14



for their society or comunity in all aspects. Of these three aspects, this research focuses

on OProfitd by expl or i rcatificatiorgoroqdasecantréteo n o f h o w
economic benefits for both the LEED certified buildings and those surrounding them. A

number of diffeent socieenvironmental factors have an influence on the real estate

values in a neighborhood area, and the LEERIficationis hypothesizedo be one of

those socieenvironmental factors that have a significant impact on real estate values in a

surrourding neighborhood.

-

Planet mountain
— People ) i

| Organic matters

i

filtering| o Wastewater D e e e mh jGroundwater

Figure 2.1. Principle of the 3Ps

Therefore, this research investigates the effect of LEED certified buildings on real
estate values in their surrounding neighborhood; moreover, it proposes a new ideology
for green buildingertificatons that takes into account not only the notions of energy
efficiency and environmentalism, but also the economy dbtizlevel. The results of
this research are expected to affect the diffusion of the L&t fificationby
encouraging building stakehlers, the neighborhood as a whole, and federal and local
government to see the LEEi@rtificationfrom a fresh perspective. The benefits to each

of the stakeholders are illustrated in Fig@r2 below.
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Federal government

Dominating the advantage positionin the international agreement

Increasing the economic benefit

Achieving high repulation

Increasing the economic benefit

Reducing budge for the environmental policy

Ex. Emission Trading / Kyoto Protocol

Local government

Achieving high reputation

Enjoying budget boost of a higher tax base ]
Reducing budge for the environmental system ‘ gwﬁaﬁr
Promoting LEED certification A New Green L en
_ 'deology by Living in a high quality

of natural envircnment

Expecting direct/ indirect economic benefits LEED

by the spillover effect or the neighborhood effect Certification

Owner <

Saving Operation & Maintenance cosl

Enjoying a high quality of natural environment

Reducing taxes for environmental improvement charges
Obtaining the direct/ indirect economic benefit

Ex)Tax reduction, High resale value, High rental cost ete. -

Figure 2.2. New Green ldeology by LEEDCertificati on

Background

This researchaightto integrate several research areas; therefovesitfirst
necessary to connect the literature on each and determimeh factorswvererelevant to
this research of the impact on surrounding neighborhood real eata¢s wf the LEED
certified buildings within it.

Real Estate Values of LEED Certified Buildings

Even more than 10 years after the initial appearance of the IdeEification
researchers interested in the LEE&tificationcontinue to evaluate iimpad in terms
of added real estate value. McGraill (2008) Miller et al.(2008) Eichholtz et al.
(2010, and Fuerst and McAllisté2011)have all conducted detailed examinations of the
effect of the LEEDcertificationon the assessed and market valuds=#D certified
buildings vs. norcertified buildings under similar conditions in detail. These studies
consistently conclude that LEED certified buildings have a higher real estate value than
nontcertified buildings based on several economic variabléizadifor building
appraisals, namely rentates cost per unit areaccupancy rate, and resale value rate.

Table2.1 summarizes the results for four studies
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Table 2.1. Comparisons of the Real Estate Value of LEED Certified Buildings and
Non-Certified Buildings under Similar Conditions

Cost per unit area Occupancy rate
Rentalrates (Price/s-ft) (%) Resale value rate
- Non- - Non- . Non- o Non-
Certified certified Certified certified Certified certified Certified certified
McGraw
Hill 103% 100% 100 96.5 1.075 1
(2008)
Miller et ¢1515 $28.00 92.0 87.8  1.099 1
al. (2008) ) ) ) ) )
Eichholtz
et al. $29.84 $28.14 $289.22 $248.89 89.12 81.35 1.16 1
(2010
Fuerst &
McAllister $27.07 $24.68 88.5 86.06
(2011)

Note: All comparisons were chosen based on the latatibexisting LEED certified buildings and were
based on the unique external conditions for each case, including the geographic location, building size,
building age, and period when the research was conducted.

The Impact on the Real Estate Value of a Bilding Due to Features in the Existing

Environment

Real estate values are typically determined by the interaction between demand and
supply in the real estate marK&ipley and Rabianski 1981 ;&ullivan 2009) As stated
earlier, the real estate value of@ecific building is affected by the real property
commodity itself and the features of the environment in which it exists. Environmental
determinants of value can be classified in terms of the following: social factors, location
factors, physical factorgconomic factors, and government and political fadiepiey
and Rabianski 1981; Epley et al. 2002; Bloom et al. 198dplying these environmental
determinants, several researchers have studied the effect of environmental determinants
of value on theeal estate value of buildings. Hough and Ki@284) Weinberger
(2001) Hui et al.(2007) and Chun et a{2011)investigated economic changes in real
estate values in areas which had undergone a neighborhood environmental change.
Taking either residdial properties or commercial properties as the dependent variables,

iIn most cases the studies looked at changes in real estate values due to the addition of
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new largescale infrastructure projects, such as airports, urban green areas, parks, and

land useand the associated changes in the surrounding environment, such as noise level,

air quality, and prospect view, all of which are related to the quality of life. The three

cases that took commercial property as a dependent variable examined how thatesal es

values changed based on changes in the surrounding environment. Additionally, Chang

and Choy2010)e x ami ned t he effect of buildingds env
economic benefits afrban real estate market. They concluded that althtaggbrs
specifically associated with the projectos g
promotion method, and the building space design including position and area, planting

allocation, and maintenance and management of buildings negatively impacilthng
construction cost, the buildingds environmen
impact on the urban real estate markets. Talsummarizes the findings of these

studies including the external influence factors and their conclusions.

Table 2.2. Effect of Environmental Determinants on Real Estate Values

Dependent variable Independent variable Conclusion
Hough and Commercial o dest Nelw buki]ldings With _e.xcelIentbaesthetiltt::i
Kratz (1983) o val Exterior design values have a positivenpact but not o
property value aesthetic buildings.
_ The proximity of light rail is related to
Weinberger Commercial Light rail property value and a rent benefit. It
(2001) property value 9 affects both residential and commercig
property values positively.
Hui et al. Residential Sea view, Green belt - oiders are willing to pay for bet
area, Air quality, Noise . iy
(2007) property value level, Accessibility environmental qualities.
Chun et al. Commercial Visibility Better visibility raises the real tese
(2011) property value value.

Chang and Neighborhood Bui | di ng6s Green building design has a positive
Chou(2010) property value characteristics impact on urban real estate value.

The Real Estate Value of a Commercial Building Obtained via the Hedonic Pricm
Model

The hedonic approach method utilizes measures of the social capital or the value of

the environment based on cross sectional data for real estate values such as residential
18



real estate prices or land prices. Note that when measuring the valuerviramment
using cross section data such as land price, it is important to separate-the non
environmental and environmental elemghtse 2006; Zhang 2010As Can(1992)

pointed out, the fAhedonic price regression

neighborhood effect which includes a set of characteristics of the scaimmmic and

physical makeu p. Kim and Son(2011)agr eed, commenting t hat

model has useful functions when the research analyzes a heterogeneous market such as a

he

n

real estate mar ket |, a | abor mar ket , an auton

(1989)and Dunse and JonE98)noted that the hedonic approach method was
generally utilized to measure the value of houses in the United Kingdom, which tend to
be affected by the surrounding environment.

Researchers interested in real estate values in the United States have applied the
hedonic price method in studies of commercial properties, reporting that the hedonic
price method offers a useful way to appraise #a estate value of commercial buildings
(Hough and Kratz 1984; Weinberger 2001; Chun et al. 2011; Fisher et al. Ch@4) et
al. (2011)applied the hedonic price model to derive movements in commercial real estate
values based on the change of visipibly utilizing the appraisal total real estate tax,
which directly represents the commercial property value. Interestingly, Weintj2egxr)
chose to look at the rentatesand rental transaction data, arguing that the reatas
aremuch more elastithan the sales price and is also more sensitive to changes in market
conditions. As rental transactions are performed more frequently than sales transactions,
more data becomes available resulting in greater accuracy. Accordingly, in the hedonic
price moel, the measure of the price was assigned as a dependent variable and other
characteristics such as the space and lease terms, location, and transaction year were
assigned as independent variables. These assignments made it possible to analyze the
relatiorship of the shadow price and the market value with other characteristics.
Moreover, assumptions such as the market
background, among others, were established based on the justification inherent in

hedonic price mdeling for this researdfirisher et al. 1994)
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ResearchQuestion and Objectives

The purpose of this research is to examine the impact of LEED certified buildings on
real estate values in the surrounding neighborhood. The research questiontgeiding
reearch was whether LEED certified buildings have an impact on the real estate values
of conventional buildings in the neighborhood. One hypothesis and three objectives were
established as follows:

Hypothesis
The average market value of conventional comméftiildings in the neighborhood
is changed when a LEED certified building is developed next to conventional commercial

buildings.

Objectives

Define what is meant by fAneighborhoodo
Identify the market value of buildings in NYC to measure their real eghie.

Identify the relationship between the real estate values of the LEED certified
buildings and those of conventional buildings under similar conditions in a

neighborhood.

Methodology

Definition of key terminologies

Market value

Boyce(1984)and Eplg et al.(2002)conclude that market value is the most
probable price that establishes a competitive and open market under all conditions
requisite to rational, weihformed, and fair buyers and sellers, where neither is under
undue stimulus. This researtocuses specifically on New York City (NYC), and the
Department of Finance in the city defines the market value for the annual taxable value of

buildings |l ocated in the five boroughs.
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value for an anual property tax (www.nyc.gov).

Commercial building

The definition of commercial building has several different meanings depending on
the research field. Here we are looking at a wide range of real estate so various types of
building are included in theedinition of commercial building. Hence, the definition of
commercial real estate provided by The Wall Street Jo(2@4l0) was adopted, namely
any property owned to produce income such as ffartily commercial real estate, retail
space real propertieand office buildings and complexes.

Data Collection

For this project, the list of LEED certified buildings from the LEE#tified Project

Directory on the USGBC websttevas used, which includes all the LEED certified and
registered projects worldwidbat have been enrolled by the project owners. According
to the USGBC website, as of April 2, 2012, there were 46,706 LEED certified projects,
located all over the world. Of these, the top 10 Gross Domestic Product (GDP) cities in
the United States accoeat for 7.4%, 3,472 LEED certified projects, and as the city with
the highest GDP in the US, NYC has 491 LEED certified projétts.Public LEED
Project Directory operated by USGB@leased on June 14, 2Q01&licated thats of

that date208 LEED certifed buildings were located in NYQherelevantdata sets could
be davnloaded through the USGBC website with a solid foridatwvever, the specific
informationcontained in thelata sets from the Public LEED Project Directory lacked
coherence and providedriited deta# for each LEED certified buildingecausehe
information o eachLEED certified building was provided by building stakeholdsmd

thus thenformation deptHackedconsistencyUSGBC did not make a sufficient effort to
manage and control thieformation depttwhenmaintaining the consistency tife data

sets and the quality olfie data provigéd was therefore insufficient for the purposes of this

study in many casedlYC& Department of Finance estimasad provide annual

* http://www.usgbc.ord/EED/Project/CertifiedProjectList.aspx
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market valus for each unit in particular types of buildinguch as mukfamily

residential or conominiums, rather tharthe annual market value fdre whole building

According to the conditions @he availabledata sets/6 LEED certified buildings were
selectedandonty as the sample group based on their geograpticetraintsand

fidelity in the LEED certification data provided by USGBG.S. Department of

Commerce 2011)128 conventional commercial neighboring buildings were identified

for comparison. Geographicfarmation on the LEED certified buildings and
conventional buildings was obtained through
Center for Urban Research at the City University of New York Graduate Center, which

links the GIS data to the New York Citygovea ment 6 s i nfor mation syst
value data for the selected buildimgs was co
which is an official website operated by the city governméhis market value dats

updated annually and cover the period@@®2013. Lastly, a range GiiS data related

to NYC are produced and provided by various organizations, including NYC OpenData,

the Department of City Planning of NYC, and NYC Information Technology and
Telecommunications. The physical addresses ohalstlected buildings were converted

to geographic information, namely longitude and latitude, using 3 geocoding online

services: Google map, Yahoo map, and the GIS Research Laboratory at the University of
Southern California. Additionally, the ConsumercBrindex (19821984=100) for the

NY-NJCT-PA region was applied to the market value data to adjust for inflation and

deflation for the years 2006 to 2013.

Variables

Three sets of variables were used in this research: dependent variables, independent

variables, and control variables. TaBI8 presents the data included in each variable.

® http://webapps.nyc.gov:8084/CICS/fin1/find001i
22



Table 2.3. Research Variables

Dependent variable Averageunit market valug$/sg-ft) of each conventional commercial building in
the neighborhoo@0062013

Independetvariable Averageunit market valu€$/sg-ft) of eachLEED certified building(20062013

Control variables Number of adjacent streets for each conventional commercial building
Time since LEED certification (in years)
LEED certified points
Distan@ from the nearest subwamgtrancdo a conventional building
Conventional commercial building floors
Conventional commercial building area

Conventional commercial building age (based on a built year/excluding a reng
year)

Hedonic Price Model

Four assumptions have been established for the hedonic price model used in this
research as it is not generally easy to determine how all the variables relevant to the real

estate values of buildings relate to the hedonic price model.

All third party-provided data have been measured and recorded accurately.
The market is in equilibrium and a single market
CPI index is used to adjust the inflation or the deflation.

The independent variables have no correlation between each other.

There are four differentddonic price functions, shown below, but the linear
function was utilized in this research because it was deemed appropriate for determining
the presence or absence of correlations between LEED certified buildings and
surrounding conventional commercialildings in a specific neighborhood. SPSS was
used to analyze the correlations between the average market values of the LEED certified

buildings and their adjacent commercial counterparts.

Linear function P=a+aZ;+ ARXKAAA +
Log-linear function P=a+alogZ;+ A+afodZA A
Semilog function logP=ay+ auZ1 + &Z>+ A APaY A A
Log-log function logP = ay+ aylogZ; + A A-A3fo8Z\

Note: &. a coefficient, Z variables
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Geographic Information System

A spatial analysis of the distriban of LEED certified buildings in the NYC region
and the domains of the neighborhoods containing LEED certified buildings involved GIS
mapping to identify the spatial characteristics using GIS data taken from several open
databases linked to the NYC gonment. The GIS map of the distribution of LEED
certified building in NYC shown in Figure 3 was developed with ArcGIS10 serviced by
ESRI based on information on the longitude and latitude for each LEED certified
building derived using physical addressed aip codes provided by USGBC. In addition,
GIS was used to identify adjacent buildiiog this research.

Analysis
Spatial Analysis

As of April 2012, 97.1% of all the LEED certified projects in NYC were located in
Manhattan, but to maintain diversity aedsure a good mix of neighborhoodspamny
as possible LEED certified buildings from other parts of the city were included in this
study. Hence, 62 of the LEED certified buildings in the study were in Manhattan and 14
were in other parts of the city (aeh from the Bronx and Brooklyn, 3 from Queens, and
1 from Staten Island). Figugz4 illustrates the distribution of the LEED certified
building samples based on their NYC GIS data.
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LEED Certified Buildings in NYC

Projection: GCS North American 1983
Source: USGBC LEED Project Diwectory {2012)
Department of City Plansing, NYC (2012)

Information Techaology & Telecommunications, NYC (2012)

The City of New York (2012)
Date: Sep 20, 2012
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Figure 2.3. Distribution of LEED certified building sample

Descriptive Analysis

The LEED certified buildings in the study sample had earned scores over a relatively

wide range fron86.84 percento 77.27 percent of full mark§ heir mean and standard

deviation of LEED certified period were 1.77 years and 1.232 years wigah that

most of theLEED certified buildingsamplesvereactually finished and occupied
between 2009 and 2011. The market value of the LEED certified buildings for the period

from 2006 to 2013 presents a similar standard deviation, which indicated that al

market valuefg-ft information for the LEED certified buildings represents a normal

distribution in Table2.4. However, the data on the market valg€tsof the adjacent

buildings exhibits a wider distribution, especially for the periods ad 2012

2013. The age of the adjacent buildings selected for the comparison ranged from 2 to 113

years based on their built yedirAd j acen't

street o

ndicates

certified building, thus increasing the exposure of building to giedes or drivers and
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the accessibility of building users. The mean of the number of adjacent streets for the
buildings was 1.57, which indicates that a LEED certified building usually adjoined more
than 1 street, and the maximum number of adjacent stneet 3. No LEED certified

building in the sample group occupied an entire city block. The mean of the distance
from the nearest subway station to a conventional commercial building in NYC was
found to be 0.216 miles, and the maximum distance 2.92 nléise iborough of Staten
Island. Especially, the variation of the mean unit market value of LEED certified building
was smaller than that of adjacent conventional commercial buildings, as shown in Figure
2.5, which suggests that LEED certified buildings hdonitedimpacton their unit

market values over time. The overall descriptive results are shown in Table 2.4 below.

1.8
1.6
1.4
1.2

illlllf

2006-2007 2007-2008 2008-2009 2009-20102010-2011 2011-2012 2012-2013

B Ava. unit market value (LED certified buildina)

B Ava. unit market value Adiacent conventional commercial buildina)

Figure 2.4. Variation in the unit market values of LEED certified building s
and adjacent conventional commercial building
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Table 2.4. Descriptive Analysis Resul

MIN MAX MEAN | STDEV

0.33 1.03 0.73 0.361
0.33 1.10 0.767 0.395

2006-2007average oit marketvalue
2007%2008average oit marketvalue

o|lwlwlZ

clélrztﬁig d 20082009average nit marketvalue 0.44 1.27 0.716 0.307
building 20092010average oit marketvalue | 22 0.39 2.08 0.934 0.474

20102011average oit marketvalue | 38 0.08 2.07 0.97 0.484
2011-2012average oit marketvalue | 62 0.11 2.53 1.015 0.55
20122013average oit marketvalue | 75 0.08 3.67 1.055 0.613

(dollar/gy-ft)

Distance fr(_)m the nearest_subvgm_irance@o 128 0.01 292 0.216 0.421
a conventional commercial building (mile)

No. of adjacent stregt 128 1 3 1.57 0.66
Adjacent building area ¢sft) 128 2 113 77.15 31.73
Adjacent building floo 128 1 58 12.61 12.873

2006-2007average oit marketvalue 5 0.144 | 0.845 0.563 0.257

Adjacent | 20072008average nit marketvalue | 5 0.159 | 6.456 | 1.745 2.646
conventional| 20082009average nit marketvalue | 12 0.012 2.735 0.693 0.736
commercial | 20092010average oit marketvalue | 37 0.022 3.254 0.966 0.728

building 20102011average oit marketvalue 65 0.077 3.125 0.953 0.652
(dollar/sy-ft) | 2011-2012average nit marketvalue | 104 | 0.082 | 7.353 | 1.139 0.991
20122013average oit marketvalue | 124 0.047 17.53 1.302 1.883

Note: Datathat were not availableave been excluded from the analysis because the NYC government
dataset did not include the market values of several buildings for certain years.

Regression Analysis

The data were analyzed usinB$S Statics version 19. The partial correlation
function was applied because of the control variables and the linear regression function
was also utilized to determine the impact of each variable on the dependent variable. The
result of partial correlatiors presented as-¥alue to indicate that the research model is
satisfied, with significance, 0.041, represented by value lower than 0.05. As at least one
coefficient for an independent variable is not 0, the alternative hypothesis is accepted and
the nullhypothesis, where all coefficients of independent variable are 0, rejected. The

results are showmm Table 2.5
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Table 2.5. Correlation Results

Avg. unit marketvalue Avg. unit market
Controlvariables of LEED certified valueof adjacent
building building
LEED certification Avg. unit Correlation 1.000 .186
scor_e_& L.EED . marketvalue | Significance
certificationperiod & of LEED (2-tailed) .041
Adjacent bldg. bilt certified
year& Distancefrom building Degree of 119
adjacent bldg. to the freedom
nearestisbway station Correlation .186 1.000
& No. of greetsfor an Avg. unit Sionif
adjacenbldg. & No. marketvalue '%nt' '.(|3 agce .041
of floor of adjacent of adjacent (2-tailed)
bldg. & Areaof building Degree of
. 119 0
adjacenbldg. freedom

Thisresearch model resulted in a relatively lofwRlue, 0.229, which implies that
the variation in market value is only partially explained by the variables and the functions
examined. The results suggest that the variagbtdsdethe average market vakief
LEED certified buildingand adjacent building of LEED certified buildingpe LEED
certificationscore, the number of streets for the comparable conventional building, the
distance from a commercial conventional building to the nearest sudw@ancea
conventional commercial building area, and the number of floors of the conventional
commercial building. Particularly, the average market value of the LEED certified
building, the number of adjacent streets to the adjacent commercial conventionagbuildin
and the LEEDxertificationscore have a positive impact on the dependent variable, with
t-values of 2.069, 1.874, and 3.648, respectively. On the other hand, the distance from the
nearest subwagntranceo the adjacent commercial building and the asljc
commercial conventional buildingds floor
dependent variable, withvialues 0f2.314 and2.832, respectively. Tabl&t and2.7

present the results of the linear regression.
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Table 2.6. Results of the LinearRegression (ANOVA)

Model Sum of Squares Degree of freedom Mean Square F Sig.
1| Regression 71.160 8 8.895 4.413 .000"
Residual 239.841 119 2.015
Total 311.001 127

a.Predictors: (Constant), Aggentbldg. built year, LEEDcertificationperiod, Avg. marketvalueof LEED
certifiedbldg. No. of street ofadjacenbldg. Distance to the nearestibway stationLEED certification
score,No. of floor of adjacenbldg. Areaof adjacenbldg.

b. Dependentariable: Avg marketvalue of adjacentldg.

Table 2.7. Results of the Linear Regression (Coefficients)

Unstandardized Standardized

Model Coefficients Coefficients T Sig.
B Std.Error Beta
(Constant) -.113 .822 -.138 | .890
AVLgE Er[‘)'tcne‘f‘t:::é "t‘;’l‘:j“ge_ of 505 287 174 2.069 | .041
LEED certificationscore .019 .010 175 1.874 | .063
LEED certificationperiod -.066 .098 -.060 -.680 | 4.98
No. of street of adjacent bldg. .868 .238 .366 3.648 | .000
Distance to the r_1earest subway station 791 342 - 213 2314 | 0»
from adjacent bldg.

No. of floor of adjacent bldg. -.045 .016 -.372 -2.832 | .005
Area of adjacent bldg. -2.880E’ .000 -.060 -.443 | .658
Built year of adjacent bidg. -.007 .005 -.146 -1.596 | .113

a. Dependentariable: Avg unit marketvalue of adjacentonventional commeial bldg.

Findings and Discussion

This research examined the correlations between the real estate values of LEED
certified buildings and their commercial conventional counterparts in the same
neighborhood by looking at theaverage unimarket valuesThe hypothesis guiding the
research was théhe averagenit market value of conventional commercial buildings in
the neighborhood is changed when a LEED certified building is developed next to
conventional commercial buildingand this research accef$s hypothesisAs
described in Figure 2.8thoughthe descriptive analysis ressilhotes thathe average
unit market value of LEED certified building over the research period were not always
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higher than those @fdjacent conventional commercial laligs, the LEED certified
buildings tended tchave morestableaverage unitmarket valusthan the adjacent
conventional commercial buildisgver theresearclperiod In addition, thepatternof
changesin theaverage unit market values of adjacent cotiveal commercial building
tended tandicatea similar patternto those othe LEED certified building exceptfor the
years2010 and 2011n these two yearghe average unit market vatef LEED

certified building increased compared to LEED certifibuildings in earlier yearsut
thoseof adjaceniconventional commercial buildisdor theyears2010 and 2011

decreased compared to adjacent conventional commercial bsiidipgeviousyears
Moreover,most ofthe buildings adjacent to the buildingsosen for this researevere
located near a subwantranceat an average distance of around 0.216 miles. The
Metropolitan Transportation Authority (MTA) dNYC states that the annual subway
ridership is 2.5 times higher than the annual bus ridersiNyY i@ and the city has a high
commuter population; thus, in this study, only subwairance were considered as a

major environmental factor, not bus stops. Interestingly, according to the analysis, the
distance from an adjacent conventional commerciatimglto the nearest subway
entrancehas a negative coefficient value for the linear function. Above all, although the
R?value is relatively lower than othefRalues from other studigBloom et al. 1984;

Hough and Kratz 1984; Weinberger 2001; Hui eR@D7) this research demonstrates

that the positive impact variables (average market value of LEED certified building and
the number of adjacent streets of conventional commercial buildings) and the negative
variables (the distance from the nearest sulbsvasancedo a conventional commercial
building and conventional commerci al buil din
one, to the market value of commercial conventional buildings in the same neighborhood
in the NYC regionln addition the resof thevariables (LEEDcertificationscore and the
area and the built year of adjacent conventional commercial building) are not significant
asthe pvalue is greater than the significance level of OAlBioughLEED certification
increase  a b uawh plopantyya@ug as shown irpreviousstudiesMcGraw-Hill
Construction 2008; Miller et al. 2008; Eichholtz et all@C0Fuerst and McAllister 2011)

the statistical residtof this researckhownin Table 2.7revealthat only the average unit

market védue ofaLEED certified building haa positive effect on thaverage unit
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market value of adjacent conventional commercial buildiMggeover the

characteristics of LEED certification suchtas certification score and certification

period are nostatstically significant for the correlatiohetweerthe independenand
dependent variabdeTherefore, thse findings indicatihatalthoughLEED certification
hasa positiveeconomicdmpact on adjacent conventional commercial buildiimglirectly
through @anging the average unit market valugich are caused by achieving LEED
certification,thesetwo specific characteristics of LEED certificatibavelittle impact on
the property valugof adjacent conventional commercial buildsnGonsequently, in
addtion to the potential environmental benefiiginedby LEED certification,

neighboring building stakeholders may atsceiveeconomicbenefis from LEED
certification undertaken by their neighbof$iesefindings mayprovidea starting point

for a deepeexamiration ofhow LEED certified buildings support efforts to achieve the
03Ps 06 of $&amsasoaidecoaomic standpyirdnd suggest a new approach that
might usefully be applied to convince skeptics of the economic benefits of constructing
LEED certified buildings.

Limitation sand Future Research

This research focuden theimpactof LEED certified buildings on the market value
of adjacent conventional commercial buildings as an environmental factor. The actual
market value of all types diuildingswas determined by numerous environmental factors,
as mentioned earlier. Besides the numerous environmental factors, several other
limitations exisedfor this research. First, a limited number of samples were selected in a
specific geographicalraa, in this case a single unique urban environment (NYC), with
most of the sample being located in Manhattan. Second, only the linear function for the
hedonic price method was utilized. Third, other variables that measure the economic
value of buildings ould be applied in addition to the variable used here, market value,
and it would also be possible to collect economic value data from the private sector as
well as the public sector. Fourth, only a limited number of independent variables not

related to eeh other were utilized; other variables such as policy changes, economic
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conditions, and several othieatures of the existing environmeratuld be considered

and the relationship between independent variables could be identified as well. Fifth, this
resarch redefieda limited area and a limited number of buildings as the surrounding
neighborhood in order to isolate the effects of multiple LEfeRified buildings on
conventional buildings in the surrounding area. Future studbesoMurther explore

these density effects. Lastly, this research asslLimet the real estate market is in
equilibrium and acts as a single market to gauge the impact of the LEED certified
buildings Given these limitations, was difficult to determine the true magnitude of

the impact of each independent variable on the dependent variable. Consequently, the
findings pertairdonly to this specific case, andwitas difficult to generalize our findings

to a wider population without further study. It would also be interestimgvistigate the
optimum number of LEED certified buildings or the optimum density of LEED certified
buildings in a specific region to maximize profit and to consider various economic
concepts that might affect the sustainability of LEED certified buildangsthe LEED
certification It seened highly probable that future researclwd continue to integrate

economic concepts into the economic valuation of green buiddirtgicatiors.
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Chapter 3

The Impact of LEED-Energy Star Certified Office Building on
the Market Value of Adjoining Building sin New York City
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Abstract: Greenbuilding certificatiors offer a useful wayo advance objective
evaluations of the sustainability of buildirgpdboththe Leadership in Energy and
Environmental Design (LEED) and EnergtaBcertificationshave beemlesigned to
improve the negativenvironmentalmpacs of buildings on society andgrovidepositive
economicbenefitsto certifiedbuilding stakeholder#\ positiveeconomic impact is also
required tosatisfya part ofthetriple bottom lineof sustainabilityfor thesecertifications
sothis studyexaminedhe economicmpactof LEED and/or Energy Staertified office
buildingsonthe market valugof adjoining building in ManhattanNew York City using
spatialandstatistichanalysisapproachge Our findings revealed positiveimpactof
LEED and/orEnergyStar certified office buildings otihe unit market values dteir
adjoining buildingsfrom aneconomic standpointhenconsidering the major features of

LEED certificatian, LEED certificationlevel and LEEDcertificationcoverage.
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Introduction

The importance ofustainabilityis widely recognize@ndis nowa priority in
severahspects of our daily live#\s a resultresearch isustainabilityis no longer
limited to ecanomics, humanitiesndthe socialscierces but has becomne subject of
interest to those working fields such agnvironmental sciencand engineering
According tothose seeking tdiffuse a greater awarenesstbe importance of
sustainabilityto thegeneral publi¢Kerstens et al. 2015uh et al. 2013 useful way to
achieve thisvas toapply theprinciple of the P} namelyPeople, Planet, and Profit
whichwas simply another wapf presentinghe triple bottom line of sustainability
propoundedy Free Spreckley(1981).

In tune with present dayeedstheconstruction industry is algoansforming itselto
improve performancat every stage of the building life cyadtesupport ofa more
sustainable constructiandustry As part of this effdr, several developed countrieave
establishedjreen building certificatioprograns toevaluatethe sustainability of green
building as a importantpart of capital projecsustainabilityinitiativesand diffuse the
certificatiors to their own construan industries anthose indeveloping countries
(Fowler andRauch 2006; Eichholtz et al. 201@&4chholtzet al. 2010b; Pearce et al.
2012 Pearce and Kleiner 2013n particular, two leading green building certifications
have been developéa the UnitedStates namelyLeadership in Energy and
Environmental Design (LEED)roposed by the United States Green Building Council
(USGBC) in 199%andlaunched officiallyin 200Q and Energy Stadeveloped by a joint
program of the United States EnvironmentadtBection Agency (USEPA) and the United
States Department of Energy (USDQE&)992 Thesetwo certificationsveredesigned
to demonstrate superior energy performance through reduced energy cons(irygish
and Mllister 201Q McGraw-Hill Construction 200). Simultaneouslyesearchnto
theimpact ofLEED and/or Energy Star certificatiamthe propertyvalues of certified
buildings hashownthat their property valuegndedto increase after achieving
certificationsandweregenerallyhigher than the perty values of othasomparable
buildingsin similar condition McGraw-Hill Construction 2008; Miller et al. 2008;
Eichholtz et al. 2010&ichholtz et al. 2010Fuerst and McAllister 2011).
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Althoughthe principle of supply and demandndamentallyapgied to the appraisal
of propertyvalues the property valuesverealso affected bypumeroudeaturessuch as
the characteristics dhebuilding and its surrounding environment (Epley and Rabianski
1981; Epley et al. 2002Therefore from an economic stalpoint theimpactof LEED
and/or Energy Star certificatianight not onlybe a feature of the property commodity
itself but couldalso play a role iestablishing thexternal features in the existing
environmentfor surroundindouildingsbecausehe propertyvalue ofa building was often
appraisedisinga sales comparison approaelnichwas a common way to estimate
propertyvalues(Almanzar 2012)

By identifying the impact of LEED and/or Energy Startificationon theproperty
value ofadjoiningbuildings of LEED and/or Energy Steertified building, this research
investigate whether LEED and/or Energy Star certification of a buildirag indeed one
of theeconomic factors that affeetlthe propertyvalue of adjoining buildings.
Furthermorepurcorc | usi ons are expected to expand t he
simple environmental performance to include critical economic faotated togreen
building certification that take into account not only the notions of energy efficiency and
environmentalis, but also the economic performance of both the certified buildings

themselves and those in their surrounding neighborhood

Background
Property values of LEED or Energy Star certified buildings

The firstLEED and Energy Star certificatiomgere awardednore thantenyears ago,
and several researchdravesincestudiedtheimpacs of both certifications in terms of
the effect orthe property value d certified building based on tleecumulating data.
Most studieg(Ries et al 2006; Kok et al. 2011; Yuadt 2011)have foundhat both LEED
certification and Energy Star certificatiblavea positive impact on the properglueof
buildingsthatachieveeitheroneor bothof thetwo certificatiors. Ries et al. (2006), Kok
et al. (2011), and Yu et al. (20lreportecthat the economic values dadrtified buildings
increasd after achieving LEED or Energy Steertification which were designed to

accomplishspecific buildingperformance objective3 hese researchegsaluate the
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building performancand assssedhe variousdirect or indirect economic benefisuch
astheredudion in the consumptiorof water and energyhe improvement dfealth
problemsthe enhanedproductivity of employees, aritieincreasegropertyvalue ofa
certified building.Thefindings so far reporteith the literatureare as follows

Estimated savingsf $281 million from 2000 to 2008 ambtential savingof a
further $4.8 billionpredictedfrom 2009 to 2013 througtme reducedenergy
consumptiorby LEED certified buildingsn the US aloneA reduction inCO,
emissios of around million metric tons from 2000 to 2008 aadiramatic
decreas inCO, emissiors of about 34 million metric tonwerepredictedfrom 2009
to 2013 (Booz Allen Hamilton 2008).

Reductions irenergyuseof 30 percent, carbon emiss®oaf35 percent, and water
consumptiorof 30 to 50 percenglong withgenerating waste cost savawf 50 to

90 percenbbtainedirom LEED certified buildings (Communication Department of
the CEC Secretariat 2008).

A positivecorrelation betweer building& energy efficiency performance and
sustainabilityperformancen five key areashumanandenvironmentahealth real
estate marketalues,building ownergincome and tenastwillingness to pay due to
eitherLEED or Energy &r certification Untied State Department of Energy 2008;
United States Environmental Protectidgency2006; 2013).

Reductions in energy consumptiafterachieving LEED certification for a small
sized office building, but the opposite result for adasged office building
(Scofield 2009)

Conflicting conclusions regardirige construction cosfer agreen building due to
the green features or technologies required by LBEBEnergy Stacertification
(Herkel 2006 Muldavin 2010)

An insignificanteffect on the property cash floMuldavin 2010).
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In addition, researchermvemeasurd the impactof the certifications in terms of

added property value as represented by the certified buskdiagtarates unit sales

price, vacancy or occupay rate,and resale value rate (Miller et al. 2008;Graw-Hill
Construction 2010Eichholtz et al. 2010a; Wiley et al. 2010; Fuerst and McAllister 2011)
The results of pngous studies comparing LEED or Energy Stertified buildings to

comparable nowertified buildings under similar environmental conditiomere

summarizedn Table3.1.

Table 3.1. Comparison of property value benefitsbetweenLEED or Energy Star
certified buildings and comparable noncertified buildings

. e Rentalrates Unit salesprice | Occupancyate | Resalevaluerate
Literature |Certificatio C N-C C N-C C N-C C N-C
0.993
Miller et al. LEED 1.215 1 1.047 1 0.901 1
(2008) Energy 1.02-
Star 1.051.09| 1 1035 1 1.053 1
McGraw 1.025 1.068
Hill LEED 1.02:1.06 | 1 1064 1 1109 1
Construction| Energy 1.025 1.068
(2010) Star | 10¥L06 1 1 1064 | * | 1109 | !
Eichholtz et EESD 1.06 1 1.023 1 0.89 1
al. (2010a) Sta‘f‘y 1.065 | 1 1.023 | 1 1129 | 1
1.152 1.162
Wiley et al. LEED 1.173 ! 1.179 L
(2010) Energy 1.073
Star 1,089 1 1.1-1.11 1
Fuerst & LEED 1.05 1 1.25 1
McAllister Energy
(2011) Star 1.04 1 1.26 1

Note.C: Certified building, NC: Nortcertified building

Thedata shown iTable3.1 provided someinterestingresultsas follows:

Buildings withEnergy Stacertificationcommane@daresale value ratef aboutfive

to twelvepercent puttheresale value rate of LEED certified buildingas lower

than that of theesale value rate @bmparablenoncertified buildingsat the time of

the study(Miller et al. 2008;Eichholtz et al. 2010a)

The unit sale priceof bothLEED and Energy Starertified buildingsverehigher

than those of comparable neartified buildingby about25 percent Fuerst and
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McAllister 2011).

Therewasa differencein opinions regarding whether nottherentalratespremium
depene@don the certificationeitherLEED or Energy StaiMiller et al. (2008) and
Wiley et al. (2010) concluded thtte rentaratesof LEED certified buildings was
aboutfive percenthigherthan that of Energy Star ceréfi buildingsput the
remainingthree studieseportedittle difference betweethe twocertification types
for building rentarates(McGraw-Hill Construction 2010; Eichholtz et al. 2010a,;
Fuerst and McAllister 2011)

Miller et al. (2008) indicated thalhe occupancy rate of LEED certified buildings
was not always higher than that of comparable-centified buildings in some cases
the occupancy rate of LEED certified buildings was lower than that of comparable

non-certified buildings by 0.7 percent.

Overall,the researcheragreed thanostbuildingsthatachievel LEED or Energy
Starcertificationbenefit froma positiveimpactdue toanincrease irthe buildingo

propertyvalues.

However Dermisi (2009)arguedthat not alllevels of LEEDcertification had a
positive influence om building® economic property valuand a particulalevelor type
of LEED certificationhadlittle or no positive impact on the economic valueaacertified
building. In particular, the pralue of LEEDNew Construction (LEB-NC) at theSilver
level was significant, and this study suggested that it was necessary to determine the
reason for this negative effect. Moreover, althotige negative effect of LEERQore and
Shell (LEED-CS) at theCertified level was statistically sigficant, the result was biased
due to the small number of observations. Several of the previous sthdiesin Table
3.2 have suggested that various general physical featuregaieatot related to the
LEED or Energy Star certification of the certdiduilding such as building class,
rentablebuilding area, building age, and so, cauldalsohavean impact on the
economic values of certified buildingitherpositively or negatively. Tablg.2 presert

the differenteconomic benefits of LEED or Emgr Star certified buildingcausedyy
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various features of lildings, including specific characteristics of LEE2rtificationand

other buildingcharacteristics

Table 3.2. The impact of internal characteristics of LEED or Energy Star certified
buildings on their property economic values

Marketvalue: Rentabléldg. area; Bdg. class;
Year built

Certification Positive impact Negative impact
o g LEED Sales price ($6+ft): LEED
B % Energy Star| Sales price ($&ft): Energy Star
E® . .
s C . . . Sales price ($&ft): Built
)
G| other | Sales price (S): Bidg. class; Occupancy | perore 1970s23.3%
= ' Conference facility9.4%
% LEED Rentalrates($/sctt): LEED all levels
< = | Energy Star Rentalrates& sales price (8¢ft): Energy
s g Star
3 N .
5 Rentalrates ($/s+t): Stories; Bdg. class Rental rateg$/stft): Ages;
@ Other A&B Size
T Sales price ($4t): Ages; Bdg. class A&B Sales price (B&tft): Size
= Occupancy rate by rent: LEED Registration
5~ LEED (+7.9%); LEED Score 40 (+2.1%); LEED
N é“ Score 6((+20.1%)
©
= SN), Occupancy rate by rerEnergy Star
'LT_JD Energy Star| certification(+4.9%)
Capitalization rate of the rent increment (+8¢
Rental ratepremium ($/seft) +15.2-17.3%;
T LEED Occupancy rate +16.27.9%; Sales price
T ;6 premium ($/seft) +129.18
>0
2 Rental ratepremium ($/seft) +7.3-8.9%;
= Energy Star| Occupancy rate +16:27.9%); Sales price
premium ($6¢ft) +29.71
Assessed value: Certification o
Assessed value: Certification of medium siz¢ small sizel (appr_ox_|mately_
X - . 100,000 seft) buildings using
(approximately 220,000 sft) buildings using LEED-NC at the Silver level
LEED-CSat the Gold or Silver level; LEED s ’
- LEED EB at the Gold level LEED-CS at the Certified level
& ) o
S Market value: LEEBEB at the Silver or Gold gggﬁigg&ﬁ#};ﬁg&ﬁgﬁ of
N .
= level; LEEDNC at the Gold level 100,000 seft) buildings using
g LEED-NC at the Silver level
)
a Energy Star| Assessed value and Market value
Assessed value: Rentaltlielg. area; Year
built
Other
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The impact of changesin the external featuresof the existing environmenton local

property values

As mentioned earlieproperty valus weregenerallydetermined by the principle of
supplyanddemandandthe property value of a specific building is affected by the actual
property commodity itself and features of the external environsenit asocialfactors
physical factors, economic factors, agmvernmentand political factorsBoyce 1984;
Epleyand Rabianski 1981; Bloom et al. 1982; Epley et al. 2662dmaret al.2013.
Therewereseveral reports in tHéeratureof research intohe effect of features of the
external environmerdn property valus, andresearchers haw®ncluded thaécononic
change®ccurin property values in areas thatvkaindergone a significant change in
their neighborhood environme@/einberger 2001; Kim et al. 2003; Mansfield et al
2005; Hui et al. 2007; Lin et al. 2009; Chun et al. 2011; Saphores and Li Z0&3).
studiedlooked at changes in property values due to the addition of newdeadg
infrastructureprojectsthatincluded public greenareasor involved changes in the
surrounding environmeithat affectedhe quality of human lifeitherdirectly or
indirectly. These studieagreed thathanging external environmental featured aa
significant impact on the property value of a specific area or a building, and identified the

type of change that occurred. TaBI8 summarized the findings of these studies

Table 3.3. Effects of environmental determinants on property values

Dependent Independent

; . Conclusiors
variable variable

Public transportatiomaslinked to improved
Weinberger Commercial property values and a rent béihe.ight rail

(2001) property values Light rail transit affeatd both residential and
commercial property values positively.
. . . ; . Marginal willingness to pay by buyevwsas
K|(r;10((a)t3r;1l. rse;?ecglil es irﬁlrrg\?smgn t about 1.2%~1.4% for better air quality, whid
property P wasincluded in the price of the property.
Greenness and foentranceadcedvalue to
Mansfield et al. Residential Urban forests parc_els of Iand_however private forests
(2005) property values provided more important sources of value to

houses in the areadh institutional forests.
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Table 3.3 (Continued). Effects of environmental determinants on property values

Sea view
Hui et al. Residential Gfifn Saelligc ar®a Householders were willing to pay foetber
(2007) property values Noige Ievﬁl environmental quality.
Accessibility
The impact of foreclosure decreased with
Lin et al. Residential distance, and the significant negative impad
Foreclosure 9 9 P
(2009) property values extended over a radius of 0.9 km or about
2,700 feet (roughly 10 blocks).
Chun e al. Commercial Visible space A better view leaded to higher property
(2011) property values P values.
Saphoresand L Residential Urban areen are: Trees and grassy areas in a neighborhood
(2012) property values 9 ¢ benefited most nearby properties.

Inaddiion,Chang and Chou (2010) examined the ef
which they included in the physical classification category for their study of the
economic benefits of green building design for urban real estate markets. They concluded
thatfc t or s signi ficantly associ agteenthgoemefish t he p
(urban microclimate environment, urban disaster prevention and security, urban
environment quality, economic benefits, and harmony with human health and wellness)
implementation and promotion methods, and the building space design, including
position and location, planting allocation, and the maintenance and management of the
building, all/l had a negati ve andthathet on t he Db
buil dgyirreggdhs design had a positive impact on no
also thdocal urban real estate mark&toreover, Suh et al. (2018pnducted a statistical
analysis that demonstrated correlation betwbermarket value of LEED certified

buildings and the market values of adjoining buildings in New York City.

The meaningof market value for buildings in New York City.

Theoretically the market valueepresergdthe most probable price of a propeifty
determined in a competitive and operrked under all conditions, assuming a fair sale,
that both buyer and seller engdde prudent actions and taufficient knowledge

moreoverthe meaning of market value implilthat the ownership of propentyas
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transferred fronthe seller tothe buyer o a particular date under several conditions as
follows (Boyce 1984 Friedman et al. 2033
Both luyers and selles aremotivated to achieve a result
The provision of sufficient information, good advice, and that the best interests of
both buyes andsellers aramet
The property has been exposed to the open market for a reasonable time
Paymentwas made in cash, specifically in United States dallars
That itrepresergdthe normal consideration of property for the transaction

The market valugvas alsodefined by the maximum price a buyeas willing to pay
and the minimum price a selleas willing to accept (Friedmaet al.2013). Sohn et al.
(2012) frame this slightly differently, contending that market valag the sum of the
buyer 6s widy ianngdn etshse thbouyper 6s | i ke .mr disli ke
other words, the meaning of market valoelld be expressed in terms of either the
transactiorprice or the actual sales prideccording to the definition of market value, the
Department of &xation and Finance of New York State recomneetide use of a sales
comparison approach for estimating real est a
Department of FinancéN(Yy C& DOF) estimatd the worth of property in order to
estimate the property'staxslda and t o meet New York Stateods
market value of property in NY@as the starting point for calculating the taxable value
of a property, the assessed value, and the n
one of three approach&s eachdifferent taxclass using annual actual property income
and expense or a recent sales prices of comparable properties in the same neighborhood
to approximate the actual market value as closely as possible. Therefore, the market value
estimated b N YCO6s DOF should provide an adequate f
calculating the assessed value, which equals the market value multiplied by the level of
assessment, and the market value should be different from the assessed value in this
research(Almanzar 2012; NY®epartment oFinance 201322013b). The market
values estimated by DOF in NYi¢erebased on recent sale prices, income and operating
expenses, construction, replacement, or reproduction cost, or a combination of these

factors. All propelies in NYCwereassigned to one of the tax classe®l a different
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approactwas applied to each tax class because every propetty tdferent purpose
and different characteristic§able3.4 described thepproachmethods for each tax class.

Table34.Tax Classes and approaches applied by
Finance

Tax Class | Approach Descriptions

Class 1 Comparable| - 1-2-3 unit residential properties
sales - Recent sales price of similar properties (size and location)
approach - Properties solth the neighborhood in the previous 3 years

Class 2 Income and | - Residential property with more than 3 units (cooperatives and
expenses condominiums)
approach - Income and expenses from comparable properties (land location,

income level, building age and ctongtion, and exemptions and
subsidiesOnly for fiLarge rental buildings

- Income based on the Gross Income from annual Real Property Incc
and Expense (RPIE) filings

- Two methods for calculating market value; Net Income Capitalizatic
and Gross Income Mufilier (GIM)

Class 3 Cost - Utility property and special franchise property

approach - Based on the value of land

- The construction/reproduction/replacement cost of the buildiagded
- Depreciation of the building value is taken into account

Class 4 Incomeand | - Office buildings, factories, stores, hotels, and lofts
expenses - Income and expense based on annual Real Property Income and
approach Expense (RPIE) reports from property owners

Note: Net Income Capitalization requires calculating net income, whittieidifference between the

income and expenses of a particular property, in advance and then net income divided by the capitalization
rate that is the expected rate of return based on the income from a building. This method is usually applied
to ALadge abnd cooper at i ve s@osstintane Mditipliereisesltie GiMratia s o r
between the market value of a property and its future gross income. The total income of property is

calculated by multiplying the typical income perfsrom canparable rental properties by the totalftsq

of the building. This method is applied to ASmall

From a realistic standpoint, a real transaction price or an actual salesfprice
available,is the most valuable datiaat can be usetd make the research more realistic.
Cypher and Hansz (2003) concluded that experts who recdghzdlaws of assessed
value with regard to indicating an actual market value or a real transaction price
consideedthat the assessed valoal a limited validity, and Aydin et al. (2010) also
insisted that data for actual sales prices should be preferred over tax appraisal data
because this more accurately represérgal market outcomes. The Harris County
Appraisal District (HCAD) (2009)@ammented that some discrepancies between actual

property prices and appraised valuesnd be found. The Appraisal Institute (2002) gave
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two reasons why the relationship between assessed value and marketightleawea
restrictivecorrelation:
Outdatel mass valuationwere generally used for estimating assessed values
Assessed valuesight take into account fractional assessment ratios, partial
exemptions, and other factors considered relevant by appraisers

Although Aydin et al. (2010) argued that tii@ta of actual sales pricess a more
accurate way to represent market outcomes, they went on to recommend that tax
appraisals should be utilized for this type of research for the following reasons:

The limitedamountof datafor actual sales pricasasavailableduring a typical

research periodit was hard to explain price patterns statistically with very small

sample sizes.

A correlation betweethe actual sales and tax appraigalues was shownn their

researchln their studiesnot onlywasa courty appraisal districin Texas, US.

monitored regularly to meet the stateods
weremade at the market values, but the University of Houston found a correlation
between actual sales value and tax appraisals in Texages The strength of the

correlation was quite high and, more importantly, spatially unbiased.

Zhang (2010pnssertedhat the tax base market value data offers a useful
approximation to willingness to pay for a residential property because HC Ababst
the tax base market value of all residential propeetesy yearwith a comparable sales
approachDermisi (2009)agreedsuggeshg four reasons for using assesgmnerated
property values (total assessed values and market values): 1) thtgiffi obtaining
actual transetion prices of properties, 2¢cently constructed buildings V&little or no
transaction history, and 3) tigeneralack of awareness of the economic benefits to be
gained from LEED certificatigrand4) ease of compars withthe results ofater
researchusingthe same type of data, namely assessed property values. In a similar vein,
Matthews (2006) used tax assessment data to take advantage of the linkage of tax parcel

Geographic Information System (GIS) mapping datd the entire property tax base
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assessed value over the research &mg County, WashingtarScanlon and Cohen
concluded that nAWhatever Adsedagp@achmakes!| ar t ech
sense for incomeroducing commerair e s i d e nt i(2009) Moreovpr&yphey 0

and Hansz (2003) also concluded that an assessed value treatment should be influenced

upon the market valyadgmentgdo nonappraisersn the US. real estate markeand

Kim and Son (201) agreed, noting that although recentig imarket value has affected

estimates of rentahtes the rentatatesshould also have a fundamental impact on

determining the market value of propeirtySouth Korea

Other researchers have explained that the difficulty in using actual sales prices and
real transaction prices comes from not only the limited number and the correlation of
both prices and the limitation of their research scopes, but also the definition of market
value. As mentioned earlier, they concluded that the primary decision factoafket
value in an actual real estate market should be the willingness of buyer and seller, thus
reflecting the realities of the real estate market in any research thatdacuse
investigating the actual property value. Friedman et al. (2013) andis-(20¢&3) insisted
that actual market valueuld only be decided by potential buyers and sellers based on
their willingness to pay and it is often a s
sell er s6 expe cddthdtéverynpair obuyensiarsd sedlarsgiglifesent
expectations and viewpoints regarding their properties, so while some pagpte
contend that the asking prioes reasonable for a particular property, others could feel
the asking pricevas higher than they would expge®NYC& DOFnoted that market value
could not be calculated precisely because the vaiagalways estimated based on the
best availabléenformationannually However they also mentioned thiéte market value
was esimatedby NYCG DOFvery frequentijto improvethe accuracy of their market
valueand itwas not directly based oralculatingthe property tax. Consequently, N&C
DOF estimate and usd two values, market value and assessed value, when conducting
the tax assessment exercise for all the ptagzein NYC, but the purpose and the
meaning of these two valuegredifferent.

The market value of property MYC was estimated every year. Two tax classes,

Class 2 and Class 4, of propertyditige income and expense approach for calculating
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market \alue Therefore when the market values calculated each year, changes in

building conditionshad tobe alsoconsidered because the average age of each building in

NYC was about 68 years. Thigas high compared to other major cities in the world: it

was @ years in London, 20 years in Hong Kong, and 10 years in Sha@iaai2012)

although the useful life of a buildingas generally rangefrom 30 to over 100 years

(Priesand Janszeh9%; Pear ce et al . 2012 jyTermHAldn@ngMayor 0s
andSustainability of NYC (2012) commented that most of the large buildings in the city

were constructed from the 1920s to 1960s and that mostfenwily buildings were built

between 1910 and 1970. As a result, the range of building age in NYC, from@0 to 1

years old, ould be almost the same as the useful life of a building.

Overall, the market value estimated by the DOF of NYC sedmrepresent the
property value reasonably well for all properties in NYtQvas consistently and
transparentlyalculaed and ould be expected to reflect actual market value differences
across properties. Moreover, the market vahas produced and released annually to the

public and sufficient market value is provided by N©OF.

Establishing the property value of adpining buildings of LEED and/or Energy Star
certified office building utilizing the Hedonic Price Equationand Linear Mixed
Effect Model.

Thehedonic price modeajenerallyutilizes measures of social capitaltbe value of
the environment based on crosstional data for propertyaluessuch as residential real
estate prices or land prices. As a theoretical framdjetienic price modekas based on
empirical studies anbad tobe separated from neanvironmental elemesto include
only the environmentalemens when measuring the value of the environment using
cross section data for land prices (Kanemoto 1997; Reichert R66201(. Based on
this theoretical framework, Can (1992) pointed out that the hedonic price regression
modelwas a common appeech for measuring the neighborhood effect, encompassing
characteristics of both the soggonomic and physical makg of the area. Dunse and
Jones (1998) also noted that hedonic regression analsizidely used to evaluate the
valuation of residentigdroperty in the United States, particularly in mass appraisals, and
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the technique lhbeenalsoutilized in the Uited Kingdomto a limited extent. Kim and

Son agreed, commenting that AThe hedonic pri
research analy®ea heterogeneous market such as a real estate market, a labor market, an
automobile market, and so ono (2011, p.198)
hedonic price model to be a very useful methodology for understanding the effect of

surrounding envonmental conditions on the rentatesfor office buildings.

As a result of this widespread agreement, the hedonic price mesleitilized to
measure the value of residential property in both the United States and the United
Kingdom and researchergémnested in property values of commercial property in the two
countries generally apphd the hedonic price model in their research (Hough and Kratz
1983 Fisher et al. 1994; Dunse and Jones 1998; Weinberger 2001; Chun et al. 2011). For
instance, Chun et.a|2011) applied the hedonic price model to derive movements in
commercial property values based on changes in the visible space by utilizing appraised
total real estate taxes, which directly represétite commercial property valueg
obtainabetter éterminant coefficient (8, therewere four possibleways to transform
the data setm order to provide the most appropriatefdit the hedonic price model.
Dependig on the type of transformatiaf the data setsised for theesponse variable
and exphnatory variables, the hedonic price masleigestdfour different model

equationsnamelylinear, loglinear, £mklog, and loglog, as follows

Linear function pi= at azzt A AsReAAA +

Log-linear function p,= ap+ ajlog(z) + A+AaNoy@E)A

Semilog function log(p) = a+ awzs + azo+ A ABAafzF

Log-log function log(p;) = ap+ ailog(z) + A AAaNdy&) +
Note.p:: a value of regpnse variable, acoefficient,z, e x pl an at pangrrovtam, wetrel es, U
={1,¢é,n} and n is the number of subjects in a dat a.

Used in isolation, the hedonic price modek not sufficient to analyze the full

impact of a LEED or/and Energy Staertified office building orthe unit market value of
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adjoiningbuildingsover time because the model foatis@e aparticularpoint of time for
its analysis of the effect of external environmental factors or featunemrket valus.
For this reason, atioer methodologyinear mixed effect modeWas also utilized for the
currentinvestigaton of thechanges in the market vakief buildings in NYC thatwere
located next to LEED andr Energy Star certifiedffice buildings over timeThelinear
mixed efect modelincluded the fixed effect®f explanatory variablefor responsas

well asthe random effectthatvary dependingonthe subjects or the groupsncerned
This statistical modekas particularly useful for repeated measure daterosssectioral
studiesin wide researchisciplines(Song 1999Starkweather 201&ang and Kim 2011;
Seltman 2011 As each subject in the data provides multiple responses,rdgsmse
werecorrelated, whichvasexplicitly forbiddenby the assumption of standaktiiOVA
and regression modelsloreoverutilizing linear mixed effect modehadeit possible to
estimate the random intercept for each subject, control correlated data, and deal with
unequal variancg$SPSS 2005Additionally, usingalinear mixed effect moelallowed
the researdrs toinfer the primaryinterestby examiningthe fixed effectsn this study.

(Song 1999; Seltman 2014he equatioror linear mixed effect mode$ shownbelow.
Vi= 0@+ 28 € BpXpj + buzaj + bozoj € g+ U

Note b,.Fixed effectcoefficientsx,;: Fixed effect variables fasbservatiorj in groupi, biq: Random effect
coefficients zy;: Random effecvariables, {: the error for case j inrgup i

Problem Statement

Previousstudies have examined the impaatthe certified buildingghemselve®f
LEED and/or Energy Star certificatidrom aneconomic standpointeportingthat the
positiveimpact achieved bpne of bothor bothcertifications @uld be measured in
terms of the property vals®f the certified buildings through variowesconomic
measurement@vicGraw-Hill Construction 2008; Miller et al. 2008; Hiholtz et al.
2010y; Dermisi and McDonald 2011; Fuerst and McAllister 20Thesestudies have
investigated ways of proving that LEED and/or Energy Star certification supports
sustainability based on the economic bengiiitserms of the property valuegained by

the certified building stakeholders. However, the beneditgned by e buildings
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surroundinga LEED and/or Energy Star certified building, especially adjoining buildings

in the neighborhood, have not been thoroughly researched. This reseaitierefore
designed to measure tbeonomic benefits afforded to buildings aidjpg a LEED

and/or Energy Star certified office buildimgterms ofthe impact on theimarket value.

It serves as foundationedsearcho help develop detter understameg of whatis

needed to accomplishpart ofthe triple bottom line of sustaindiby for both

certifications The research question guiding this stugg,t her ef or e : A Wh at
relationship betweethe attributes oLLEED and/or Energy Star certified office buildings

and the unit market value of buildingdjoiningthose certified dfice buildingsin New

York City?0.

Methodology
Definition of key terminologies

Neighborhood

A district or locality characterized by similar or compatible land suaed
homogenous groupings. Neighborhood boundaries consist etlefalled natural or

manmade barriers, land use changes or the characters of the inhabitants.
Adjoining building

A property located in the same neighborhood area whibhs similar external
environmental conditiont the subject propertyand shares a commaide zoning
lot line with the subject property. In this research, the meaning of adjoining building
is that a building is located in the same blak theLEED andor Energy Star
certified office building, and the building shasat least one commaside zoning lot
line betweereach buildings zoning lot boundarie3 he term of adjoining building is

referred to the Zoning Gloss&rpf NYC& Department of City Planning (DCP).

® http://www.nyc.gov/html/dcp/html/zone/glossary.shtml
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Research areaand data source

NYC is a particularlyactive region for establishing green buildings)udang LEED
certified buildings, Energy Star certified buildings, and other certified buildings. Recently,
PlanNYC was launched to prepare the city to better suit the needs of its residents,
encourage thimcaleconomy, address climate change issues,raptoive the quality of
life in NYC (The City of New York 2014)USGBC noted that the total area of LEED
certified buildings began to increase from 2006 onwards, and has increased dramatically
since 2009. Consequentig, 2012NYC had the secondhighestnumbker of LEED
certified buildings, 491, of any metropolitan area in the Whv@h approximately 80
percent locateth Manhattaras shown in th&reen Building Information Gateway
(GBIG) developedy USGBGC whichprovidesa usefulsearch engine platform foregen
building data andhelps deliver nevinsightsinto this issueGBIG alsonotedthat NYC
engags in agreatnumber of green activitiemnd haghe most widespreadchievement
of Energy Star certification of any metropolitan area in the U.S. The nurhBseoy
Star certified buildingsontinues tancrease and NYC was ranketl @mong U.S. cities
in 2012in terms ofthe number of certified buildingaccording to th&nergy Star
welbsite, which lists Energy Star Certified Buildings and Plahtat presentalmost 90
percent of theffice buildings achievind.EED and/or Energy Star certificati@ach year
in NYC are located in Manhattabhased on the information provided the search tos|
Energy Star Certified Buildings and Plaraead GBIG NYC and Washmgton D.C. were
identifiedas market with good or better investment prospects in 2011, and NYC was the
only metropolitan area which has bemmsistentlyidentifiedas a good or better
investment prospect in the real estate market since 2011 (Warre2@12).Therefore,

thisresearch focuskon themetropolitanarea of NYC specfically Manhattan

Various data sources provitldata set$or this researcheachwith adifferent format.
Thedatagathered for each variableeresummarized in Table 3.5he most important
issuewas that each data source provides a different data set for the same bEibding.

instance, the data sier LEED or Energy Stacertificationwas provided throughon

" http://www.energystar.gov/index.cim?fuseaction=labeled_buildings.locator
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profit organizationgnd private commercial real estate infotima companiesuch as
USGBC,Energy StarCoStar,and Honest Buildingolution but thespecific information
related toachiewng LEED or Energy Star certificatiodifferedslightly. It was necessary
to secure the accuracy and consistency of data setlfi@data sourcesp she data sets
related toLEED andEnergy Star certificatiosifor this researckvere collecteconly from
the USGBCandthe EPA database operated amaintainedby theofficial organizations
of LEED and Energy StaNote that this diffeed from the procedure followed several
previousstudiesreported in thditerature whichused dataLEED or Energy Star
certificationprovided byCoStaror other organizationgdditionally, the physical and
geographic information for LEED and/or &gy Starcertified office buildingscontaired
somegays acrosglata providersthus,the informationon thephysicalbuilding
characteristicand geographicduilding locationof LEED and/or Energy Star certified
office buildingswas collectedsolelyfrom the databaseaintained byNYC& DCP
associated with NY@ DOF. The dataon market value®ased on the fiscal year (FY) for
financial repors for selectectertified office buildings and buildingadjoired tothe
certified office buildingsfrom FY 2007 tlioughFY 2015werelisted in NYGs DOF
database, and thmearketvalue datavascollected by downloading the data frd#y 2009
throughFY 2015from their websité and submittinganapplicationvia the Freedom of
Information Law(FOIL) for the data fronkY 2007 throughFY 2008 The fiscal year for
the NYGs DOFwas based on the 12 months from July 1 to Juné-3®013 therefore
runs from July 1, 2@to June 30, 24 The GIS data fopopulatingArcGIS 10.1were
obtained from the websitmaintained byNYC& DCP and the Information Technology
and Telecommunications Department (ITT@&NYC; the most recentlata were
produced in October 2013.

It was important to note that as tataused in this study were collected dijferent
organizations to suit their owreedsall the datasetshad different measurement perigd
the data sdbr market value provided by NY@ DOFranfrom FY 2007 through-Y
2015, thatfor the LEED cdharacteristic®f the certified office building in NYC provided

8 http://www.nyc.gov/html/dof/html/property/assessment.shtmi#roll
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by USGBCranfrom 2007 thhough 2013andthat ofthe Energy Stacertified office

buildingsin NYC providedby EPAfrom 2003 through 2013. Therefore, the market value

data for LEED and/or Energy Star certifieflice buildings andtheir adjoiningbuildings

wereseleted from FY 2@7 through FY 2013asthe market valug could becalculatedn

terms ofthe reported property values between July 12201 June 30, 2@&lprovided
by NYC& DOF.

Table 3.5. Measuremens and critical data sources

Variable name

Measurement description

Data source

Building floors of LEED and/or

divided by theproperty area

E Energy Star certifiethuilding The number of floors NYCs& DCP
2 Year built ofLEED and/or Energy | Completion date of an exisy N
g Star certifiecbuilding building (in Year) NYCG DCP
S S The ratio of the abovground floor
=3 Floor Area Ratio (FAR.).OEE.ED area of a building to the land area | NYCé& DCP
T o and/or Energy Star certifigalilding .
Q0 (Decimal)
(2
2> The quality of buildings depending
e
o Class ofcléli:?ilé)da€uc?|/girr1Energy Star on thebuilding ages or the amountq NYC& DCP
9 amenities fobuilding users
The level of LEED certifiation
LEED certificationlevel (Certified: 15ilver.2/Gold:3/Platinum USGBC
:4)
c
8 Certification ofawhole buildng or a
g LEED certification coverage part of the building USGBC
S (Non:OPartiallyl/Fully:2)
£ - Certified yeaNon-certified
a LEED certified year year:0/Certified year:1) USGBC
w -
= Unit market valueof LEED only or 't\)/l alilkfé\g‘ggog ?rr:rﬁtle:r\t(y;sot(l)gqated
LEED and Energy Star certified y : ) NYCé& DOF
buildings per year(2007-2013) throughFY 2013 (in dollars) is
gSpery divided by theproperty area
Energy Star certification is
_ - reevaluated annually.
o ,5 Energy Star certified year (Non-certified year:0/Certified EPA
% ‘g year:1)
& 5 | Unit market valueof Energy Star only] Market valueof propertyestimated
= or LEED and Energy Star certified| by NYCé& DOF fromFY 2007 NYCé& DOE
buildings per year throughFY 2013 (in dollars) is
(2007-2013) divided by theproperty area
- Market valueof propertyestimated
—gé) S Unit market valueof adjoining by NYCé& DOF fromFY 2007 NYCé& DOFE
‘2‘5 Y buildings per year(2007-2013) throughFY 2013 (in dollars) is
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Variables (Dependent variable/Independent varialss)

Based on therevious literaturethe measuraentsof the property valuef adjoining
buildings would be assigned as a dependent variable and other charactefishies
LEED and/or Energy Staertified buildings such as th&€EED certificationleveland
coverageEnergy Star certificatiorenewal, building area, number of floors, building
ages, etcas independent variableshoththe hedonic price modahd linear mixed
effect modelTable3.6 describd the variablesandthe data assignetb each vaiable.

Table 3.6. Research variables

Variable Measurement Data
measurement
Dependent variable | Unit market value of adjoininguildings(2007-2013) Continuous
Market value Unit market value of LEED and/or Energy Star certifi Continuous
office building (2007-2013)
o LEED certification achievement Categorical
@ Characterl's_tlcs' Ol LEED certification levelCertified/Silver/Gold/Platinum) Categorical
o | LEED certification
-% LEED certification coveragéNon/Partial/Ful) Categorical
Z Energy Starcertification achievementand renewal (Non Categorical
é certified or no renewal/Certified or renewal) 9
5 Floor Area Ratio (FAR) Continuous
Q.
g p_— ,
S | Building& physical Building floors Continuous
— | characteristics Year built Categorical
Class of buifling Categorical
LEED certified year Categorical
Energy Star certifiedr renewyear Categorical

Defining the coverage and level of LEED certified office buildingthat achieved

multiple LEED certifications

Basically, an Energy Star certified blding is requiredo renewits Energy Star

certification annuallyoy re-evaluatingthe results of ituilding performanceluring the
certified year. In addition, Energy Star certificatimmsists solely of eithethe
achievement of Energy Star certifimat or no achievement of Energy Star certification.
In contrast, it is not necessary to renew LEED certification since a bubdicmgmes
LEED certified buildingbased orthe results of building performance. Moreover, LEED

certificationcanbe expresseldy two major characteristics of LEED certification, the
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coveragej.e. whether th& EED certificationis for thewhole building or part othe
building, and levelwhich can beone of fourlevelsrangingfrom Certified through
Platinum.This study included 2 LEED certified office buildingghat hadachieved
multiple LEED certificationsin most cases raising the certification level over tinadble
3.7 shovg the number of LEED certified office buildisdpased on the number of LEED
certificatiors achieved.

Table 3.7. Number of LEED certified office building based on the number of LEED
certification achievement

No. of LEED certification TWQ.LEI.ED Thr(_e_e LEED FOW_ LE_ED
certifications certifications certifications
No. of LEED certified office building 10 1 1
Total No. of LEED certified office building 12
with multiple LEEDcertifications

This studytherefore sought tee-define the coverage amelvel of LEED certified
office buildingsdue to theachievement o&dditional LEED certificationBased on the
mapr characteristics of LEEDertification, LEED certification for a whole building took
precedence over LEED certification for part of building for the LEED certification
coverageand the highst level of LEEDcertificationachievedrangingfrom Certified
the lowest level of LEED certificatigmhrough Platinumthe highest, igen priority when
definn n g a bL&EDIcelrtifioateprdlsvelfor this study. For instance, a LEED
certified office buildingthat hadachieved one LEED certification for the whalffice
building with a Gold level as its first LEED certification, andritseibsequentlgchieved
additional LEED certifications for part of the office building with two Platinkenels
was treated as having achieudgED certification forthe whole builling at theGold
level here,eventhoughthe office buildinghadachieved two additional LEED
certifications Table3.8 summarizethe listof 12 LEED certified office buildingsthat
achieved more than one LEED certification aledfinesthe coverage andvel for each

applied inthis study.
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Table 3.8 Summary of the changing LEEDcertification status of buildings

Change of LEED certification coverag Change of LEED certification leve No.o?fcheEbEu Iﬁ dﬁﬁglsﬂed

Silver/Gold 1
Full/Full Cerified/Gold 1
Gold/Gold 1
_ Silver/Gold 4

Full/Partial —
Certified/Gold 1
Full/Partial/Partial Gold/Platinum/Platinum 1
Partial/Full Gold/Silver 2
Partial/Full/Partial/Partial Silver/Gold/Platinum/Gold 1

Approach

This researchtilized two differentapproacks spatialandstatisticalanalysis GIS
was used to identifthe spatialdistribution of LEED and/or Energy Star certified
buildings and their adjoining buildings and to integratétainformationprovided by
various databasessinga geograpit mapdevelopedn ArcGIS 10.1 A statistical
analysiswvas then performed to ta$ie correlation between tledependentvariables
and the dependent varialdladdeterminethe directiorandstrengthof the correlatiors
betweereach pair The statisticalanalysis utilized RProject 3.0.2More detaied

explanation®of both thesapproachesre provided below.

Geographical analysepproach

A geographical analysis was used to estalhstyeographicharacteristics of

LEED and/or Energy Star certified afé buildings and their adjoining buildings and
increase the accuracy thie geographidanformationfor all buildings for this research.
This approach was a fundamental process for the next statistical approach and

consisted of théollowing tasks:

- Creata map containing location informatidor all the LEED and/or Energy

Starcertified officebuildingsand includeotherrelevantfeatures.

- Pinpoint the geographical location of LEED and/or Energy Star certified office
building on a created map and comprehime spatialdistribution of LEED
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and/or Energy Starertified office buildings andther adjoining buildings.

- Constructhe data sheetequiredfor the statisticalanalysisby importing and
matching all primary data sets based on the numbiedforoudh-Block-Lot
(BBL).

- Exporttheintegrateddata setto the nextcomputational stegstatistical analysis,
us i R-Brojett3.0. .

Statistical analysis approach

A statisticalanalysiswas used tadentify the correlatiors between the independent
variables ad the dependent variable with numerical dagtsthrough numerical

results This research utilized twatatisticalapproaches, descriptive approach and
regression approach,s i R-Brojett3.0.2. The regression approach applied two
different regressiomodes, the hedonic price model arttie linear mixed effect

model, whicharecomplementary taninimize each modébs weak pointsThe results

of this statistical approach indicated the strength and directithe ampact of

LEED and/or Energy Star cergfil office building on the market valsof

adjoining buildingghrough the values of coefficients for each independent variable.

The specifidasksof this statistical analysis approach were as shown below.

Conducttwo analysesa descriptive analysis anggression analysis.

- ldentify anycorrelation between the market valueeathLEED and/or Energy
Starcertified office building and the marketlueof its adjoining buildingin
NYC to demonstratéhe sociceconomic impact of LEED and/or Energy Star
cetification statistically.

- Analyzethe data sets based on the hedonic price model and the linear mixed

effect model using th&R-ProjecBprogram for statistical computing.

- Identify all the coefficients needed to complete lihear mixed effect model

equdion based on the Hedonic Pritéodel Equations, and analgzhe direction
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of theimpact of LEED and/or Energy Steertificationthrough thee
coefficients

- Validate the numerical modets this studyusingLog-likelihood ratio statistics
which presenthe fitness of numerical moddy compaing the fitted modeénd
the null model.

Results
Geographical analysis result

The geographical analysid the distribution ofelected_EED and/or Energy Star
certified office buildings in Manhattan NYQs depicedin Figure3.1. As the figure
shows most ofthe LEED and/or Energy Star certified office buildinge locatedin the
midtown areawith the remainder beinipcatedin the southwest areaf Manhattan
Islandalong the shorelin€f these 130 LEED and/oEnergy Star certified office
buildings in ManhattarNYC wereselected as screened populatiogroupbased on
evaluating the congruousness of the contentseo&vailabledatato maintain consistency
in this researclout of the total ofl71 LEED and/or Bergy Star certifiedffice buildings
in Manhattan NYCidentified byintegratng the information provided by USGB&nhd
EPAwitht he geographic i nfor mat.iNotathagaclovi ded by
organizatiorrecordsslightly different information for LEED and/or Energy Star certified
office buildings in their provided datahereforethe LEED and/or Energy Star certified
office buildings in Manhattarweresorted and selected byatthing the BroughBlock-
Lot (BBL) numberfor thescreened population grpuMoreoverNY C6s DOF provi de
the market valuéor individual units in multi-residentiakcondominium buildings;ather
thanfor an entiremulti-residentiatondominiumbuilding, based omhe ownership
Hence thoseLEED and/or Energy Star certified offidouildings withcondominium
buildings asone or more of theiadjoiningbuildings werenot selectedor inclusion in
the screened populatioim addition, the LEED and/or Energy Star certified office
buildingsthatdid not have any adjoining buildings the same blogkoccupying an

entire cityblock by themselveswereexcluded as they did not stite purposgof this
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researchThe selected LEED and/or Energy Startified office buildingsare shownin

Figure3.1 through Figure 3.3

LEED-ES certified office building in Manhattan NYC Q'
Certificate P
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Figure 3.1. Oveniew of all the LEED and/or Energy Star
certified office buildings in Manhattan NYC
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LEED-ES certified office building in Manhattan NYC
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Figure 3.2. The LEED and/or EnergyStar certified office buildings
selected for this research (Midtown of Manhattan)
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LEED-ES certified office building in Manhattan NY
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Figure 3.3. The LEED and/or EnergyStar certifi ed office buildings selected

for this research (Southwest area of Manhattan)
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The building adjoinng the selectedlEED and/or Energy Star certified office
buildings werealsoincluded in the analysissing ArcGIS10.1 The definition of

adjoiningusedin this research followthe definition of NYGS DCP, namelyhose

propertesshaing a commorside zoning lot linevith a LEED and/or Energy Star
certified office building. Figure 3.4showshow theadjoiningbuildings of LEED and/or
Energy Star certifiedffice buildingswere identified Note that building$ocatedacross
alleys or streets are not considered adjoining under this definition.
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Defining adjoining buildings of LEED & Energy Star
certified office building based on the common
boards of zoning lots

Common side
zoning lot

~

Common side
zoning lot

— City Street
N
Certificate ¢
W E
- LEED-EnergyStar !
AdjoiningBldg 0 0.00376.0075 0.015 Miles

I TR TR N I S

Figure 3.4.Sample showingthe definition of adjoining building of
a LEED and/or Energy Star certified office building
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Based on this definitior 74 buildingswere identified as adjoining tH30 LEED
and/or Energy Star certified office buildmgncluded in the stugdyandanoverviewof the
number of LEED and/or Energy Steertified office buildings and their gaining
buildingsis presentedh Table 39. In particular seveal of these274 adjoining buildings
had at leastwo LEED and/or Energy Star certified office buildings as a counterpart

(Figure 3.5. Adjoining buildings withtwo or morecounterpartsverecountedseparately
for each counterpart in this resear€he numerical values assigned for five different
levelsof LEED certificationare shown in Table 3.

Table 39. Overview of number of LEED and/or Energy Star certified office
buildings and their adjoining buildings

Certification LEED only Energy Star only | LEED and Energy Sta
No. of certifiedoffice buildings 11 78 41
No. ofadjoiningbuildings 20 160 94
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Overlapping adjoining buildings by Energy Star certified office
buildings in Manhattan
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Figure 35. Overlapping buildings adjoining Energy Star certified office buildings
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In addition,therewere five different types of EED certificationachievementas
shown in Table 30.

Table 310. Numerical valuesassignedfor each LEED certification level

LEED certificationlevel No LEED Certified Silver Gold Platinum

Numerical valie 0 1 2 3 4

As explained earlier,everalof the LEED certified office buildingsiadachieved
LEED certification more thannce andin some casethey had a different LEED
certificationcoverageeither justpart ofthe building orthewhole building,for each
certification(see Table 3.8)or instance, a buildingouldachieve LEED certification at
a particularcertificationlevel for a part of ta building, and then achievedifferent
LEED certification at any level of LEED certification for the wdduilding or a
building couldachievea higher level of LEED certificabn than the previous level of
LEED certification forthewhole building.Twelve office buildingsachiewng LEED
certificationre-achieved_EED certificationat leasionce and one articular certified
office building achieved LEED certification four timestherfor a part ofthe building or
thewhole building during the research periddhe determinant of LEERertification
level for each LEED certified office building in each yeaplied heravas based on the
highestLEED certificationlevel and the higtst LEED certificationcoverageachieved
sothe highst LEED certificationlevel among the&ariouslevelsachievedover timewas
utilized for eachLEED certified office building ad theLEED certificationlevelfor a
whole building takes priority over the LEEE2rtificationlevel for a paitl building over
time, even if the partial buildingertificationlevel was higherkor instancea certain
LEED certified buildingthatachiexeda Gold level for part ofthe building in 2011, and
re-achievedhe Silver level forthewhole buildingthe next year 2012 In this case, the
numerical valudor the LEED certificationlevel changed frorthreeto two in 2012
because the new LEEErtificationlevel forthewhole building, &Silver level, bok
priority over the previous LEEDertificationlevel covering justpart ofthe building, a
Goldlevel, everthoughthe previous levelas higher than the new level for this certified
office building. In particular, two of the three certified office buildings achieved LEED

certification twice, LEED Existing Building (EB) 2009, for a whole building without
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changing the version of LEED certification, but they enhanced the level of LEED
certification forthe latest LEED certification fror8ilver to Gold and Certified taGold.

In contrastone of three certified office buildings reachieved LEED certification for the
whole building to change the version of LEED certification from LEED EB 2.0 to LEED
EB 2009without enhancing the level of LEED certification frddold to Gold.

Additionally, the LEED certified office buildings tended to achieve the higher or same
level of LEED certification for a part of building than the level of LEED certification for
a wholebuilding. The stausof thesechanging LEED certificationand the definition of

the coverage and level of LEEf2rtified office building aresummarized in Table B1.

Table 311 Summary of 12 LEED certified office buildings that achieved multiple

LEED certifications and the definition of the coverage and levelisedfor each inthis
study

Defining the coverage
I and level of LEED
LEED certification s (Coverage/Level) certified office building
(Coverage/Level)
1 | Full/Certified | 2" [ Partial/Gold | 3 1 4" 1 Full/ Certified
| 1| Full/Silver | 2™ | Ful/Gold | 37 1 4" 1 Full/Gold
| 1| Partial/Gold | 2" | Full/Silver | 37 1 4" 1 Full/Silver
| 1 | Full/Certified | 2" | Full/Gold | 3" 1 4" 1 Full/Gold
| 1| Full/Silver | 2| Partial/Gold | 3" 1 4" 1 Full/Silver
| 1| Ful/Silver | 2| Partial/Gold | 3" 1 4" 1 Full/Silver
| 1| FuliGold | 2| FuliGold | 37 1 4" 1 Full/Gold
| 1| Partial/Gold | 2" | Full/Silver | 37 1 4" 1 Full/Silver
| 1| Full/Silver | 2| Partial/Gold | 3 1 4" 1 Full/Silver
| 15 | FuDdl/Silver | 2| Partial/Gold | 37 1 4" 1 Full/Silver
1% | FuliGoid | 2w | Parmal i ga ) Partial e Full/Gold
Platinum Platinum
1% | Partial/Silver | 2 | FuliGold | 3¢ | Partial | | Partial Full/Gold
Platinum Platinum

NYCS DOF assesdehe market value for a whole building or an indival unit in a

building depending on the building type. For instance, the market value of a multi
residential condominium is estimated based on an individual unit in the adjoining
building, as noted earlieAs a result, for this studynit market value wa provided not

for a whole building but only for individual usitn each of the adjoining buildings.
Moreover, the market value of each individual unit in an adjoining building required the

individual house number, whiakas not easily obtained for eachiuof each adjoining
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building. This research focus@ot the unit market value of individual unit, but on the
unit market value of the building as a whole. Therefore, in order to include a multi
residential condominium, thenit market value of a mutiesidential condominium
would have had to be manually recalculated by considering the market value of each
individual unit in the adjoining building. Due to the inherent difficulty of this process,
these buildings were omitted from the group of buildingsiadjg LEED and/or Energy
Star certified office buildings to maintain the consistency of the market value data
After compiling,the geographidnformation,theintegrated data were exported to the
Excel or CSV format for thetatisticalanalysis usindgr-Project3.0.2 Figure3.6 presens
anoverviewof thedistribution ofthe buildingsadjoining theselected_.EED and/or
Energy Star certified office buildisgand Figurs 3.7 and3.8 depict the distributionof
the buildings adjoining the selected LEED &mdEnergy Star certifiedffice buildings in
detail.
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Adjoining buildings of LEED-ES certified office building in
Manhattan NYC
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Figure 3.6. Distribution of buildings adjoining selected LEED and/or Energy Star
certified office buildings in Manhattan, New York City (Overview)
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Distribution of buildings adjoining the selected
LEED and/or Energy Star certified office buildings
(Midtown)
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Figure 3.7. Buildings adjoining the selected LEEDand/or Energy Star
certified office buildings in this research(Midtown)
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Distribution of buildings adjoining the selected LEED and/or
Energy Star certified office buildings (Southwest area)
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Figure 3.8. Buildings adjoining the selected LEED and/or Energy Star
certified office buildings in this research (Southwest area)
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Statistical analysisresult

Based on theeailts of thegeographicahnalysisand the exported data sete
number of LEED and/or Energy Star certified office buildimgManhattan NYC
included in the study wak30and the number afdjoining buildings wag74. All
information ondependenvariabk and independent variablessexported to the Excel
format from ArcGIS10.1 andsubsequentlymportedto R-Project3.0.2.The statistical
analysis consist of both adescriptive analysis araregression analysis.

Descriptiveanalysis

The descriptivanalysisprovided anoverviewof theinformation anddescribe any
trends in thedata.For this researcldata fromfive different tablesvas analyzetased on
the characteristics of buildingbown inTable3.12 to Table3.16. Each table contaed
five measurementgminimum; maximum; median; meaandstandard deviatiorfpr
each year andhowedthe overallcharacteristicef the unit market value data. Unit
market valuevas a key factofor this researchecausehe correlation between LEED
and/or Energy tar certified office buildings and their adjoining buildinigsusel on the

unit market value.

In generalthe data presented in eaelbleindicated thatthe median unit market
values for each year welower than the meamarketvalues, whichmear thatthe shape
of thedatadistributionwas positively skewedand the median value and the mean values
increagd over time.Therewas a tremendous difference between the minimum values
and the maximum values for each year irttaitables. In particular, theifferencein the
unit market valugof adjoining building showedthe biggest gapganging fron725sqg
ft to $1,250sqft, because various types of buildingsreincluded in the dependent
variable At the same timethe differencen theunit market véues of LEED and/or
Energy Star certified office buildirsdor each year indicateonly a small difference
betweerthe two valuesalthoughthe mediarunit market value wabigger than the mean
unit market valuen 2011 for LEED only certified office buildgs and in 2009 for
Energy Star only certified office buildisgMoreover themean and the mediamit

market value for noncertified-yeass of the LEED and/or Energy Star certified office
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buildings also tenédto exhibit similar differences with those for the samduilding once

it achievel LEED and/or Energy Starertification

Over the study perigdhe number of LEED only certified office buildisgnd

Energy Star only certified office buildisgendedto increase steadilglthoughin 2013

the numbeof Energy Star only certified office buildis@ctuallydecreased by 6. Energy

Starcertificationrequired the energy performande be reevaluatednnuallyin order to

renewandmaintainthe certificationfor the next year, anthis requirement meant thé2

percent othe Energy Star certifiedffice buildings in this studyid notrenew the

certificatiors continuously since thefirst year of becoming Enerditar certified office

building, eitherdue toafailure to reevaluate the building energyfpemanceas required

or adecisionnot to renewby thebuilding stakeholders

Table 312. Descriptive summary of unit market values (dollars/g-ft) of adjoining

buildings
Minimum Maximum Median Mean Standard deviation
2007 5.97 732.00 145.70 174.60 12320
2008 5.42 826.70 161.30 207.60 150.67
2009 8.13 946.20 161.30 208.30 164.59
2010 8.13 875.00 164.20 211.60 155.70
2011 39.21 934.80 167.10 216.10 154.91
2012 59.85 1162.00 183.70 234.40 164.40
2013 48.32 1204.00 196.00 244.20 169.35

Table 3.13. Descriptive summary of unit market values (dollars/g-ft) of LEED only
certified-year buildings

Number | Minimum | Maximum Median Mean Standard deviation

2007 0 NA NA NA NA NA

2008 0 NA NA NA NA NA

2009 8 112.80 404.10 258.40 258.90 105.41
2010 18 83.00 557.20 251.10 264.80 118.42
2011 19 179.60 480.10 303.60 296.80 87.87
2012 22 175.60 555.70 305.40 317.40 102.77
2013 36 144.90 680.20 293.80 307.50 113.23
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Table 3.14. Descriptive summary of unit market values (dollars/g-ft) of Energy

Star only cettified -year buildings

Number | Minimum | Maximum Median Mean Standard deviation
2007 4 202.20 374.10 266.90 303.60 77.68
2008 17 87.38 385.70 179.60 241.80 88.17
2009 21 69.26 471.40 230.90 225.80 100.04
2010 23 64.63 468.10 212.90 221.50 107.87
2011 27 76.52 324.30 180.50 194.10 67.99
2012 49 78.58 512.50 193.60 210.30 87.18
2013 43 80.01. 418.60 198.40 208.60 87.36

Table 3.15. Descriptive summary of unit market values (dollars/g-ft) of LEED and
Energy Star only certified-year buildings

Number | Minimum | Maximum Median Mean Standard deviation

2007 0 NA NA NA NA NA

2008 0 NA NA NA NA NA

2009 3 226,60 443.90 289.50 320.00 118.80
2010 5 202.00 470.80 249.70 312.10 123.26
2011 13 149.20 412.70 226.90 254.30 89.78
2012 17 141.60 393.50 239.40 250.00 67.14
2013 16 202.40 632.50 269.60 330.70 144.68

Table 3.16. Descriptive summary of unit market values (dollars/g-ft) of non-
certified-year of LEED and/or Energy Star certified office buildings

Number | Minimum | Maximum Median Mean Standard deviation
2007 126 43.69 455.10 153.70 166.50 86.61
2008 113 53.52 494.50 161.20 175.10 87.40
2009 98 61.28 509.00 155.70 174.40 85.66
2010 84 58.72 519.40 158.60 175.20 83.33
2011 71 73.78 510.80 152.20 179.70 86.69
2012 42 83.51 525.40 172.40 200.70 99.69
2013 35 66.27 370.00 189.60 203.00 76.85

Regression analysis

To initiate the regression analysis was first necessaryo understand the correlation

betweertheunit market value of LEED and/or Energy Star certified office building and
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the unit marketalue ofits adjoining buildingsThe correlations between the two unit
market values for the certified office buildg&gnd adjoining buildingover time

indicateda linear corelation as shown in Figure 3.9 herefore, the regression analysis

of this researh consisted of the linear correlation models for further regression analysis.
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Figure 3.9(Continued). Linear correlation between the unit market value ofa
LEED and/or Energy Star certified office building and thoseof buildings adjoining
the certified office building (2007-2013)

The unit market values dlie buildingsadjoiningLEED and/or Energy Star certified
office buildings wereincorporatedor FY 2007 throughFY 2013 as a dependentriable
and severahdependenvariableswereapplied to tle regressiormode] namelythe unit
market value othe LEED and/or Energy Star certified office building, dnhievement
of LEED or Energy Stacertification,the LEED certificationlevel, the coverage dle
LEED certification €itherpart ofthe building or thewhole building) the number of
floors, thebuilding age, anthe built floor-area ratio (FAR)In order to seledhe most
appropriatdinearequationmodel for this researdbased orthe R value four different
hedonic price model e@tions Linear, Log-linear, Semilog, andLog-log, wereapplied
for every individual year from FY 200hroughFY 2013. Theresults revealed that the
R? valuefor the Log-log graphs consistently producéte highesR?value for each
research yeaiThe R valuesfor eachof four hedonic price model equations for 2010 are

shown in Table 3. 2below as an example.

Table 3.17. R? values of four different hedonicprice model equations in 200

Transformation Linear Log-linear Semilog Log-log
Rvalue 0.2274 0.3066 0.2284 0.3177
Adjusted R value 0.203 0.285 0.205 0.297

The values othecorrelation coefficiergbetween the unit market values of
adjoining buildings and the unit market values of LEED and/or Energy Star certified

office buildingalso suggestdthat the Loglog hedonic price mode&quationwas the
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mostsuitable for this research because the valubextorrelationcoefficientfor Log-log,
0.51,was higher than that for Lineamhichwas only0.39. As a result, the further
regression analysonducted fothis researcBupportedh dataransformatioron the
unit market values of LEED and/or Energy Star certified office buildings and their
adjoining buildings. Therefore, the fundamental hedonic price model equati@hbe

described as follows:

Formula log(Unit market value of adjoiningldg.) = log(Unit market value of LEED
and/or Energy Stacertified officebldg.) + Bldg.class + Nunber of foors + Building
ages+ Built FAR +LEED certificationachievement LEED certificationLevel + LEED
certification @mveraget+ Energy Star certificatiomchievement

In this case, the unit market value of LEED andoergyStar certified office

building alreadytookinto accounther building characteristics wheappraised by
NYCS DOF hencethe variableselated tobuilding physicalcharacteristicsvere

eliminated for the next linear mixed effect model analigisoncentrate more on the

variables of both LEED and Energy Star certifications

For allthesereason, thelinear mixed effect modelsed heravas based onhe Log-
log hedonic price model equatiand dd not considemphysicalbuilding characteristics
such as building class, number of flodsgjlding agesor built floor-area ratio (FAR)
whenanalyzingthe correlation between thmmit market values of theEED and/or
Energy Star certified office buildings and their adjoining buildirigsemodelwas mun
with two unit market values transfoeaito log valus. The regression analysis usitige
linear mixed effect modelonsisted ofhreetop-down steps tevaliatethe impact of
LEED and/or Energy Star certified office buildegn the unit market value afdjoining

buildings in this researchasshownbelow.

- Linear Mixed Effect Model foexaminingthe effect ofachiexng LEED and/or

EnergyStarcertification ove time (from 2007 through 2013)

- Linear Mixed Effect Model foexaminingthe effect of the level

(CertifiedSilver/Gold/Platinun) of LEED certificationover time (from 2007
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through 2013)

- Linear Mixed Effect Modeéxaminingfor the effect of the coverage
(Non/Partial/Full)of LEED certification over time (from 2007 through 2013)

1) Linear Mixed Effect Modefor examiningthe effect ofachievingLEED and/or Energy
Starcertification

The linear mixed effect modelas applied to examinghe effectof achievng LEED
and/or Energy Starertification in ordeto analyze the effect of LEED and/or Energy
Star certification on the unit market value of adjoining buildiafjer the subject building
hasachieed certificationby investigatinghe strengthof theimpactandits direction
The model equation takeke followingform:

Formula: log(Unit market value o&djoining building = by + b;log(Unit marketvalue of
LEED and/or Energy Star certified office buildng b2Xieep certification + PaXenergy star
certification + Cb + D_Lb + loJ

Here, X eep ceriification WasS the dependent variable (either 1, LEED certified, or O, not
LEED certified),Xenergy star certificationVas the dependent variable (either 1, Energy Star
certified, or 0, not Energy Star certified), amd/as the covariate for an individual
building. In the model equation, tle g werethe coefficients for fixed effects and the
Uh s were the coefficients for random effects for buildinghis research focude
specifically onthe fixed effect on the unit markealue of adjoining buildingBased on
the model equatigrihe resultsndicatal thatall the independent variablegere
statisticallysignificantin this modebecause the-Ralues of both LEED and Energy Star
certificatiors were lower tharthe signifiance level 00.05 as shown in Tabl8.16.
Moreover,theeffect of LEED and/or Energy Star certified office buildings on the market
values of adjoining buildingappeaedto havepositiveimpact on thaunit market values
as these alues plagda role ashe coefficient in the linear mixed effect model equation

used to generate the data shawiable 3.8.
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Table 3.18. Result of linear mixed effect modefor achievingLEED and/or Energy
Star certification

Estimated coefficient P-value
Intercept 3.0465895 < 0.00a
Log(Unit market_\{alue o_f LEED _and/or Energy Sta 0.4001741 < 0.0001
certified office building)
Energy Star certificatioachievement 0.0595213 0.0001
LEED certificationachievement 0.0659072 0.0023

Thefitted linear mixed effect model equat for this analysisvas as follows:

log(Unit market value o&djoining building = 3.0466+ 0.4002 Xlog(Unit marketvalue
of LEED and/or Energy Star certified office buildjng 0.0595 X(LEED certification
achievement+ 0.0659 X(EnergyStar certificaon achievemept+ Uh+ Uib,

wherel andU are the estimated coefficients for the random effect of individual certified bus)dimgch

are not presented here.

Theresultingstrength of the impact @he unit market value o LEED and/or
Energy Star certified officeudlding on thedependenvariablewasshown in Take 3.19.

Table 3.19. Strengths of the impacts othe unit market values of a LEED and/or
Energy Star certified office building

Strength of impact
Unit market value of LEED and/or Energy Star certifiedoaffouilding 149212
Energy Stacertificationachievement 1.06133
LEED certificationachievement 1.06812

These results indicadeéhat & the unit marketalueof aLEED and/or Energy Star
certified office building increase by $1/s¢t, the unit markevalue of adjoining
buildings increasgtby about 49ercent In addition, vihenan office building achievd
the Energy&tar certification, theunit market value of adjoining building increadey 6
percentcompaedto theunit market value before itseighbor achievedenergyStar
certification. The sameavas true of unit market value when the neighbor achieves LEED

certification.

81



2) Linear Mixed Effect Model foexamning the effect of LEEDcertificationlevel

This linear mixed effect model analygkthe linear relationshifppetween the various
LEED certificationlevels and the unit market value of their adjoining buildjrsp the
independenvariableswere the unit market value athe LEED and/or Energy Star
certified office buildings and the LEERertification level and the dependent variakles
theunit market value of the adjoining buildings for this moddle model equatiorobk

theform shown below

Formula log(Unit market value of adjoiningldg.) = log(Unit market value of LEED
and/or Energy Stacertified officebldg.) + LEED certificationlevel

Thisresultconfirmedthat threeof thefour LEED certificationlevels, Certified,
Silver, andPlatinum were significantfor the dependent variableit one LEED
certificationlevel, Gold, was notsignificant because itsignificance level, 0.86%vas
over thesignificancelevel, 0.05 In addition although the ywalue of LEEDPIatinum
certificationwas significant, the number of sample for the LEERtinumlevelwas too
small to accepthe estimated coeffient andthe pvalueasaneffectiveresult Therefore,
this resultindicatel thattwo levels of LEEDcertificationdid indeed have an impaon
the unit market value of adjoining buildisgand tlosetwo LEED certificationlevels,
CertifiedandSilver, had a positive effect on the unit market value of adjoining buildings

Thefitted linear mixed effect model equation for this analysés asfollows:

log(Unit market value o&djoining building) = 2.7393+ 0.4624 Xlog(Unit marketvalue
of LEED only or LEED and Energy Star certified office building 0.1197 X(LEED

Certified) + 0.0986 X(LEED Silvep) + 0.0054 X (LEED Goldy 0.8668X (LEED

Platinum)+ 3o+ 30,

wherel, andU, are the estimated coefficients for the random esfetcanindividual certified building,

which are not presented here.
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Table 320 summariesthes valuesindicatinga linear relationshigetween the

independent variables and the dependent variable.

Table 320. Summary of correlation valuesfor the level of LEED certification
achieved and te unit market value of certified buildings

Estimated coefficient P-value
Intercept 2.7393419 < 0.0001
Log(Unit market_\{alue o_f LEED _and/or Energy Star 0.4623754 < 0.0001
certified office building)
Certified level 0.1197142 0.0026
Silver level 0.0986043 0.0036
Gold level 0.0054277 0.8690
Platinumlevel -0.8668129 < 0.0001

Consequently, the strengths of the impact of unit market value of LEED and/or
Energy Star certifiedffice building on the dependent varialideshown inTable3.21.

Table 321. Strengths of the impacts of unit market value of LEED and/or Energy
Star certified office building

Strength of impact
Unit market value of LEED and/or Energy Star certified office building 1.58784
Certified level 1.12717
Silver level 1.10363
Goldlevel 1.00544
Platinumlevel 0.42029

Whenan officebuilding achievd the Platinumlevel of LEED certification, the unit
market value of adjoining buildingas reduced by 5®ercentcompared to the building
without LEED certificate.

3) Linear Mied Effect Model foexamning the effect of LEEDcertificationcoverage

The correlation between thdeED certificationcoveragegeitherpart ofthe building
orthewhole building, and the unit markealueof adjoining building was studiedising

this linear mixed effect model, and the model equatimk the followingform:

Formula log(Unit market value of adjoiningldg.) = log(Unit market value of LEED
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and/or Energy Stacertifiedofficebldg.) + LEED certificationcoverage

Thedependenvariableherewasthe unit market valueof the buildings) adjoining
LEED and/or Energy Star certified buildiog the log scaleand thendependent
variables were the unit market value ahe LEED and/or Energy Star certified office
building on the log scaland theLEED certificationcoveragewhich was evaluated in
terms ofthe numerical valueshownin Table 3.2.

Table 3.2. Numerical values of LEED certification coverage for LEED and/or
Energy Star certified office building

LEED certificafon for part ofthe LEED certificationfor thewhole

No LEED certification | v, uiing (PartialLEED certificatior) | building (Full LEED certification)

0 1 2

Consequently, theesult of this analysis presenteu effectof thelevel of LEED
certificationcoverage on thdependat variable LEED certification foronly part ofthe
building was not significanbecausehe pvaluewas much higher than the reference
value, 0.05Theseresults showdthat therewas no difference with respect to the unit
market value of adjoining buiidgs when a building achieved partial LEED or a building
had no LEED certificaion. The huilding that ha achieved LEED certification fawnly
part ofthe building actually ha no significant differencen the unit market value of
adjoining building, buta buildingthat ha achieved_EED certification forthe whole
building positivelyaffeciedthe unit market value of its adjoining buildsd he

summaryof this resultis shown in Table 23.

Table 323. The impact of LEED certification coverageon the surounding buildings

Estimated coefficient P-value
Intercept 2.8920720 < 0.0001
Log(Unit market_\{alue o_f LEED gnd/or Energy Star 0.4328395 < 0.0001
certified office building)
PartialLEED certification coverage -0.0516684 0.4870
Full LEED certificationcoverage 0.0744265 0.0008

As a result, the effect of LEEBertificationcoverage on the unit market value of
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adjoiningbuilding was onlypostive if the LEED certificationextenedto thewhole

building. Thefitted linear mixed effect model equation fins correlationwas as follows:
log(Unit market value o&djoining building = 2.892+ 0.4328 Xog(Unit marketvalue

of LEED only or LEED and Energy Star certified office building 0.0517 X (Partial

LEED certification)+ 0.0744 X(Full LEED certification) + 3o+ 5:b

wherel andU are the estimated coefficients for the random effeandafdividual certified building

The resulting strengtbf the impact of the unit market value of a LEED and/or
Energy Star certified office building on thependentariableis shownin Table3.24.

Table 3.24. Strengths of the impacts of unit market value of LEED and/or Energy
Star certified office building

Strength of impact
Unit market value of LEED and/or Energy Star certified office building 1.54163
PartialLEED certificationcoverage 0.94964
Full LEED certificationcoverage 1.07727

Model validation

Threenumericalfitted modelswere developed, orfer each of thehree independent
variables the model validation was based @achnumericalfitted modelanda null
model. Themodel validation utilized the Lotikelihood Ratio Test (LRT) which
compared the fitted model with the null model and indicated the fitheébke ofodel
through the numerical ressjincluding the intercept and random effects for peniog
LRT. The null model indicated that the fitnesdlud fittedmodel decreasealteradding
additionalvariablesto thefitted mode| which includesanintercept.The hypothesesf

LRT for the model validation in this studyere as follows:
Ho: The nullmodel is true.

H1: The null model is not true.
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1) Linearmixed effect model forthe effect of the unit market value of LEED and/or
Energy Star certified office building and thEED and/or Energy Star certification

Thedependent variable was the unitriket value of the adjoining buildings) of the
LEED and/or Energy Star certified office buildsand the independent variables were
the unit marketalueof LEED and/or Energy Star certified office buildirapdthe
achievement of LEERertificationand Ehergy Star certification in thisnear mixed
effectmodel for theseven year periofilom 2007 through 2013l valuesof both
variables weré¢ransformedy a natural logarithnThe test of model validation reported
that the Loglikelihood ratiotest(LRT) was 783.6022 with significantp-value (pvalue
< 0.0001). The LRTest supported the fitted model rather than the null mddhe resuls
for thelinear mixed effect modekvealedhat the values of AIC (Akaike Information
Criterion) and BIC (Bayesiaimformation Criterion) for the fitted model were smaller
than theequivalentvalues for the null modgthus the linear mixed effect model for the
data from 2007 through 2013 in this study should be statistically better than the null

model.

2) Linearmixed effect model for theffect ofthe unit market value of LEED and/or

Energy Star certified office building and thEED certificationlevel

Thedependentariable of this modedas the unit market value of adjoining
building of LEED and/or Energy Staertified officebuilding and the independent
variables were the unit market value of LEED and/or Energy Star certified office building
and the LEEDxertificationlevel. All valuesof both variables wergansformedy a
natural logarithmThe LRT for vaidating this model reported the result of LRT was
261.5462with asignificantp-value smaller than 0.0001. Simultaneously, the values of
AIC and BIC for the fitted model were smaller than the values of the null model.
Therefore, this fitted model for tlmrrelation between the dependent variable and two
independent variables, the unit market value of LEED and/or Energy Star certified office
building and the LEE[Zertificationlevel, wasagainstatistically better than the null

model.
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3) Linear mixed #ect model for theeffect of the unit market value of LEED and/or
Energy Star certified office building and the LEEPBxtificationcoverage

The validation of the model for the effect of the unit market value of LEED and/or
Energy Star certified office liding and the LEEDxertificationcoverage on the unit
market value of adjoining building of LEED and/or Energy Star certified office building
revealed thatlavaluesof both variables wergansformedy a natural logarithmThe
result of LRT was 260.99) and the yvalue was significanbecause¢he pvalue was
once agairsmaller than 0.0001. At the same time, the values of AIC and BIC for this
fitted model were smaller than the values forrib& model. Consequently, this fitted
model wasdleemedstatistcally betterthan the null model.

Discussion andConclusions

This researclocusel onthe effect olLEED and/or Energy Star certificatiam the
unit market value of adjoining buildisgn ManhattanNYC. Here,the achievemenbf
LEED andor Energy Sar certificationand the characteristics of LEED certified office
buildingswereselected atheindependenvariable. In generathe results revealdthat
therewas a correlation betwedrEED and/or Energy Star certificati@mdthe unit
market value oadjoining buildingfor the periodrom 2007 through 2018om an
economic standpoinMoreover, the mere fact that a buildihgsachievel LEED and/or
Energy Star certificatiom most casesncouragd a positivechangen the unit market
value of adjoinig buildings. While Energy Star certificatiowas binary (either a
building is certified or it is nof)LEED certificationhad two majorcharacteristics
coverage and levelf certification eachof which hal a differentimpacton the unit
market value of@djoining buildings. LEED cetification forthe entirebuilding and LEED
CertifiedandSilver level allhad a positive impact othe unit market value @fdjoining
buildings, butthe LEEDPIlatinumlevelactuallyappeared texerta negative impact on
adjoning buildings. Furthermore, LEED certification famly part ofa building and
LEED Gold levelwere not significant asnpactfactors foradjoining buildings. These
findings indicatd thatin generaboththe LEED and/or Energy Star certificatidrad a
positive impacton adjoining building. However, building stakeholders seeking to
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achievethe full benefis of LEED certificationfor their buildings should carefully
considerthe mostappropriated.EED certificationlevel and coverageeededo meet their
goals. Their choicesare also likely tgositivelyinfluence sustainabilitgs a result othe
LEED and Energy Star certificatioffd®m an economic standpoint througinovidingthe
economic benefitthat accrueo the buildingsadjoiningLEED and/or Energy tar
certified office buildings

To build onthe outcomeof this researctthereremairs scope forfurther research to
overcomesome ofthe inevitablelimitations. Firstthis examination othe unit market

values ofadjoiningbuildingshasprovidedonly a limited window into the economic
impact ofLEED and/or Energy Star certified office buildings toda urban

environment It would be useful teonsidera variety oftypes of LEED and/or Energy
Star certified building as well asmore specific charaatistics of LEED and Energy Star
certification such as the changelLEED certification versions over timestead of
simply considerind.EED and/or Energy Star certifieaffice buildings in terms oftwo
major characteristics of LEED certificati@s theindependent variable amolexpand the
buildingsconsidered to neighba@ LEED and/or Energy Star certified office builditog
coverparticular aresto more broadly asses$ise economic impact through wider
representabin of the neighborhood of the cerigfd building Secondthevariousexternal
features iranexisting environmensuch asccess ta public transportation system, the
public amenity facilities, and other types of public aghibitedvarious strengthand
directionsof impactdepending omher proximity toa LEED andbr Energy Stacertified
office building, so a study qmtifying change in the strengthof the impact of various
economidndicators based on thgroximity to a certified office buildingis likely to
provide interesting maults. Third, this study assumed that an adjoining building was
independently affected by each adjoining LEED and/or Energy Star certified office
building. This did not take into account the effect of multiple LEED and/or Energy Star
certified office buildngs on the unit market value of a single adjoining buildirastly,
this research focudenot on predicting futuremarket valuesariation of buildings
adjoiningLEED and/orEnergyStar certified office buildingas a result of achieving
certification but insteadon describinghe effect olLEED and/or Energy Star
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certificationon the unit market value of adjoining buildings shown irthe historical
data Thus,it would benecessary to consider various tangible and intangible
characteristics of adjoingnbuildings to refine the outcomes of this research and auild
usefulpredictive modein future researchA predictivemodelfor changingproperty
valuesdue tothe appearance disappearancef external featurgin the existing
environmentincludingLEED andEnergy Stacertificatiors, would helpredue the
uncertaintyof future property value fluctuatiosand improve strategic riskanagement
in localreal estate market

Althoughthis research was subject to several limitations, its findings previged
foundation and methodological approach for future meset® investigate the impact of
LEED and/or Energy Star certified office buildings on their neighboring buildings or
neighborhoodireashy consideringhedifferencein the waythe energy peidrmances
assessed fdtEED or Energy Star certificatiomamely in terms of thenergy
performancepredicedor actual energy consumptiorespectively The research also
provides useful guidance fothe stakeholders of the LEED and/or Energy Star gedif
office building itself, ast focuses ora major component of their effort to achieve part of
the triple bottom line of sustainability for LEED and Energy Star certification from an
economic standpoint by encouraging and supporting mutual growth lioctdereal

estate market.
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Chapter 4

The Impact of LEED-Energy Sta Certified Office Building son

the Market Values of Neighboring Areasin New York City
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Abstract: Green building certifications are being adopted more widely, and existing
research continues to show an array of benefits to stakeholders of buildings pursuing
certification, including energy and water savingsvadi as other less tangible benefits.
However, little attention has been paid thus far to the effects these buildings may have on
their surrounding neighborhoad3everal researchenave beemseekingto quantifythe
economic or environmenthenefitsto ocietygainedvia thesegreen building

certificationsto satisfya part ofthe triple bottom lines of sustainabilitgr LEED and

Energy Star certificationd his researcexaminedhe efect of LEED and/or Energy Star
certificationon the neighborho@suroundingcertified office building from an

economic standpointith spatial and statistical analysd$e results of this study showed
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that the unit market value of LEED and/or Energy Star certified office bugdding
achievement of LEED and/or Ener§yar certification, LEEertificationcoverage, and
LEED certificationlevels except Platinum hadpasitiveimpact on the median unit
market value of their neighborhood aréased onthe definition ofwalkable distance.
Thefindingscanalso provideuseful insights into the possibilitieafforded byL EED
and/or Energy Starertificationfor additionaleconomic benefit®encouragg a wirnrwin
approachthatenhancethelocalreal estate market

Introduction

Sustainabilityis becominga major issue inarious fields Interestin sustainabilityis
no longer limited tesocial scientists and economibig is nowalsoattracting attention
from engineers and environmental scienti€geen buildingcertificatiors provide a
useful tool for thoséeading effots to focus orenvironmentahspect®f the building life
cyclesuch as minimizingnvironmentatontamination and natural resoudpletion
The purpose ofreen buildingcertificatiors is changing to support efforts tataeve
sustainabilitypecausehe needs of buildig stakeholders are also expandirgm a
simple focus ometter energy and water performancelbtaining a better quality of life
from a number of differenterspectivedn particular both theenvironmentadnd
economic benefits to beaged througlhhe Leadership in Energy and Environmental
Design(LEED) and the Energy Staertifications the twoleading greetbuilding
certificatiors in theUnited Statesfor a certified buildinghave beernvestigatedy a
number ofresearcherdJSEPA2006; 2013; Booz Allen Hamilton 200Bliller et al.
2008;Scofield 2009band Suh et al. 20)3However little researcthas yet been
undertaken to examirtbe economicbenefits of LEEDandEnergy Stacertificationfor
the surroundingneighborhood or lcad communityfrom a real estate perspectivieo
ensurehe sustainability of green buildirggrtification it is necessary to meet the triple
bottom lines obustainability namely its environmentadconomi¢ and social aspects
(Spreckley 1981)This conept has recently been updatedksrstens et al. (2011), and
Suh et al. (2013Who suggested the principle tfe 8P€ namely People, Planet, and
Profit, thathad tobe involved in ordeto implement sustainabilitysuh et al. (2013)
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described the&e3Psusing the concept dheliving machine from Koreatraditional

living culture, as showm Figure4.1.

Sustainability

filtering

Planet

mountain

| Organic matters

. Groundwater

l-----------------F-_---

Figure 4.1. Principle of the 3Ps édaptedfrom Suh et al. 2013

Based on the principle of the 3Ps, this research faqusearily on the economic

aspectf sustainabilitywhich wererelated topeople and profit by exploring the

guestion of howhangesn LEED and/orEnergyStarcertified office buildingshave an

economidmpacton theirsurroundingneighborhoodo encouragéhe mutual growth of

the LEED and/or Energy Star certified office buildings and theighborhoodsis a win

win approach for promatg thelocal real estate market attte community This

researchs expectedo expand he concept

of

Agreeno

performace to include critical economic factom this casainit market valueby

beyond

examining their impact from a fresh perspectwel thudnitiating a morecomprehensive

investigation of théwo leadinggreen building certificatiosithat takesinto account not

only theprinciplesof environmentalism, but also thesociate@conomicdevelopmers

As a result, his researcis expected taffectboththe diffusionandthe sustainability of

the LEEDandEnergy Star certificatiaby encouraging building stakehofde neighbos,

and federal and local governmetd appreciatéhe economicopportunities and benefits

of LEED or Energy Star certificatioand thefresh perspectivé offers for addressing

issuegelated toeconomic revitalization for the local real dstanarket and local

community In particular this research providaiseful information tsupportthe

decision making processes of neighbors inldlcal community and local government

agencies related to sustaining and diffusing LEED and Energy StificaBon schemes
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from both the economic and environmental standpoints. Figureldv2loped fronSuh
et. al. (2013Hdepictthe expectations of each building stakeholder from this research

Federal government

Reducing budget
Dominating its advantageous position

Increasing the economic benefit
Achieving high reputation

Increasing the economic benefit

Ex. Emission Trading / Kyoto Protocol

Local government " Achieving high reputation
- ; Expanding

Enjoying budget boost of a higher tax base S

PR the concept of ~— Developer

Promoting LEED certification green beyond

performance high qually environment

Economic benefits via the spillover

to include
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Reducing the tax burden of cooperation for
Operation and maintenance costs

environmental improvement
Obtaining direct/indirect economic benefits
Ex)Tax reduction, High resale value, High rental costetc. "
= Economy benefit

=== Environmental benefit

Figure 4.2. Expanding the concept of green beyonenvironmental performance
(adapted from Suh et al. 2018

Background

The impact onthe property value of a building with various external features in the

existing environment

In generalthe property valuesre determined by the interaction sdipplersand
buyersin the real estate markethich is referredto asthe law of supply and demand
(O6Donnell andepMal etadagl 1976 0)2The ppPeBywaldei v an
of aparticularbuilding is affected by the real property commodity itself andetkternal
ervironmentalfeatures in which itvas locatedEnvironmental determinants of property
value @nbe classifiedaccording tdour different categories dsllows. social factors,
physical factors, economic factors, and government and political factors @uley
Rabianski 1981; Bloom et al. 188 pley et al 2002)Therefore the property value of
every buildingis affected by a number of exterealvironmentafeatureswhich nmight

be eithertangible or intangiblein the existingenvironment

Several reseahers havexaminedhe effect oexternal featurem theexisting

environmenbn the determination dhe propety value of each building based on various
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environmental feature®Nelson (1980), Weinberger (200Kym et al. 003, Mansfield
et al. (200%, Hui et al. (2007)Lin et al. (20®), Liu et al. (2010)Chang and Chou
(2010),Chun et al. (2011)5aphores and Li (2012andSuh et al. (2013ave
investigaedthe correlationbetween the property values of properties and particular
external enviromental featurgsespecially with regard tilne economic changes in
property value in specificareas that had undergone a significant change in their
neighborhood environment. Takitige property values @ither residential properties
commercial propéiesas the dependent variapiaost of these studiepncludedhat the
property valuesould be changeckeitherpositivelyor negativelyas a result othe addition
of newappearance alangible or intangiblexternalenvironmentafeaturessuch as
airpotts, urban green areas, parélsanges oland use, noiskevels, air qualityyisible
space and green building certification.

The externaénvironmentafeatureghat were examineth thesepreviousstudies
sharel one common feature: allererelated tahe quality of human lifeThreestudies
selected @ommercial propest asthedependent variablendexaminedhe correlation
between property values and changesxternalfeatures in thsurroundingenvironment.
Two weredirectly relevant to the currestudy:Weinberger(2001)investigatedhe
change®f commerciabropertyvaluesin a commercial areeaused by thentroduction
of a light rall transit systemear thecommercialarea while Chun et al. (2011lpoked at
how changes in the visible spadteat commercial property valués acommerciabrea
Both these taidiesdemonstrated thatow changing external environmental featuwesld
have a significant impact on tkemmerciaproperty valus of a specific area or a
building and identified thalirection ofthe resultingmpacts The findings of these

previousstudiesweresummarized imable 41.
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Table 4.1. Effects ofexternal environmental featureson neighborhood property

values
Response Measurement Effects
Nelson Residential Airport Negative impact on property values due to
(1980) propety values (Tangible) the arport noise levels
. . Positive impact omproperty values and a ref
Weinberger R;:esr'grenr:r'g:a?r Light rail benefitfor the residential ocommercial areq
(2001) roperty values (Tangible) due to themprovedaccessibilityby a public
propefty transportation
Kim et al. Residential . Air quality Positive impact on the willingness to pay b,
Improvement . )
(2003) property values (Intangible) buyers due to a better quality of life

Mansfieldet al.

Residential

Urban forests

Positive impact on the property value for
residential property due to a better quality

(2005) property values (Tangible) life
Sea view
Green belt area
Hui et al. Residential Air quality Positive impact on the willingness to pay b,
(2007) property values Noise lewel buyers due to a better quality of life
Accessibility
(Intangible)
Lin et al. Residential Foreclosure Negative impact on property values of
(2009) property values (Intangible) neighborhood area
Liu et al. Commdermgl Ior Land use Eoshmve impact on the p.r(g)perltyI values for
(2010) Residentia (Tangible) oth property areas, residential or
property values commercial due to a better quality of life
Chang and : . . Positive impact on the property values of
Chou I\:glgehrtt)o:/gcl)l?gs gesibnlzT:smlgirt‘)*lg)n ' neighborhoodarea due to the environments
(2010) property 9 9 improvement
Chun et al. Commercial Visible space Positive impact on the property values dug
(20112) property values (Intangible) a better quaty of life
Saphoresand L  Residential Urban green area Positive impact on the property values dug
(2012) property values (Tangible) a better quality of life
Suh et al. Commercial ir;?irf]icb;[rgmg Pasitive impact on property values of
(2013) property values "l neighborhood area

LEED (Tangible)

Of particular interest for thresearchLin et al. (2009) concluded thatforeclosure

had a negative impact oresidentiaproperty values in the neighborhood, and they also

foundthat the strengt of negative impact caused by the foreclosuas inversdy

proportioral to thedistancefrom the foreclosed property, citingdéstance of 0.9 km or

about 2,700 feeads the effective radius giroperties suffering significant negative
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impact.Chang andChou (2010)yeportedhat factors significantly associated with the
project 6suchpgt benbes $di ngbs green design had
the buil dingos enarplacdl whan reahestateimark@uhastal. t h e

(2013)® findings supportedhose of Chang and Chou (2010), providing further evidence
thatgreen building certificationn this case LEEDhada positiveimpacton the property

values of buildings adjacent to REED certified commercial building in that research

The impact on local property values of a building with good walkability

Demographic factors such as the size of the local population, the range @rapes,
the number of householdesgre a critical determinant of the suppand demandurve

for a speific building, as areexternal features in the existing environment

neighborhoo8 sociedemographic factors hawen shown to hawesignificant effect

on individual property valuesjthough these alstepen@don regional location factors
and the pysical characteristics of neighborhoqldsm and Son 2011; Sohn et al. 2012).

In particular OSullivan (2009) listed the importance of demographics for office

property rental values as follows:

As the proximity to the central business district (CBD) éas@, so does theental

ratesdue to the increased productivity of employees and reduced production expense.

The higher density of population in a suburban-sefiter area fiba tremendous

impact on the officeental rates

The officerental ratesveredetermined by the opportunity to conduct fdogace
meetings, which deperedon the number of employees of the service provider and

the number of employees of the service recipient.

Forthese reasons, timoximity to the CBDis directly related to theednographic
factors, and people who live in a metropolitan city genenadifera walking distance to
a biking or driving distance from their living space to their working plaeeberger
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concludedhatin Peopl e are cl ear | y whatlallow thegntotwalk p ay

rather than drive. Biking is part of the picture, too. Biking and walking are part of a
6compl ete streetsd6 strategy t hatinptyubtl i c
car s o0 (SR Th&eforepthe walkability ahe walking distance has been the
focusof severainvestigationsnto the effect oproximity betweera subject building and

a target building.

According to growing the interests of walking distance or walkabflityyaSc lo r e 0
offeredan online residerdl value evaluation service based on a complex algorithm that
considers proximity to the types of amenities that residsmisideed essential in their
neighborhood (Hinshaw 2012Zlhetargetarea of this research, New York City (NYC),
achieved the higlst scoran the countryand was ranked the most walkable city in the
United States in both 2011 and 2QWalkScore 2014 The scoralsoindicatel that the
NYC public transportation systemsr e capabl e of assisting
commue to thei work places and those residem&NYC were looking for homes or
apartments in walkable are@$YC Metropolitan Transportation AuthorigfNYCMTA)
mentioned thaany location on the island of Manhattaes within a 15 minute walk of a
subwayentrancgNYC MTA 2013). In addition, the needs of office and retail properties
in the 30 largest U.S. metropolitan citigere correlated with their urban walkability,
referred to as Walkable Urban Places (WalkUPs), bas¢ldeqrerceived walkability
from a residentisarea to a workplace such as an office or retail outlet (Leinberger and
Lynch 2014). Leinberger and Lynch (2014) argued that NYtia second highest
walkable urban environment of all major U.S. cities and the walkability of office and
retailer workershould play a core role in the decision making for workplace locations in
NYC. Walkability is also one of the most important external environmental factors
affecting the decisions of workplace location made by employees commuting to work.
NY CO6s s ubnmisthe busigsspublic transportation sysiarthe U.S.and hathe
greatest ridership among all the transportation systems in-f\'83bway commuters
could foster more livable communities through the contacts thdwlith others in their

neighborhoodthus creating strong neighborhood centersweateconomicallystable,

14 MTA.info: Subway and Bus Ridership, http://web.mta.info/nyct/facts/ridership/
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safe, and productivklahoma City Embark 2013)

As mentioned above, iis possibleto walk to a subwagntrancewithin 15 minutes
from anywhere in Manhattan, and this proximityatsubwayentrancecould be a source
of satisfaction for commuters who work at an office building ibatear a subway
entrance Researchers kiasuggestedarious proximities that satistommuters for
different types of final destinations, as showi able 4.2 below:

Table 4.2 Walkable distance considered convenient by pedestrians

Federal Highway Administratiorl 0.25 miles (maximum distance considered to be a convenient
(FHWA) (2002) distance)

Rood (2000); Dill (2003) 0.25 miles, or BL0 minutes
Sohn ¢al. (2012) 0.250.3 miles

The market value ofproperties in New York City.

The theoreticatlefinition of market valuasthe most probable price of a property
determined in a competitive and open market ustihleconditionswherebuyer and
sellerare seriougparticipants andcanaccessufficient knowledgef the propertyand
wherethe priceis not affected by excessive stimulus (Boyce 1984; Friedetal.2013).
This definitionalsoencompasssthe actualcostwhen a buyeacquires the property
ownership from a seller and the transaci®oompleted successfullBoyce 1984).

Market valuecould alsobe definedasthe meeting poinbetweerthe maximum price
abuyeriswilling to payand the minimum prica selleris willing to acceptFriedmanret
al. 2013) andSohn et al. (20129uggesta similar formulation, wherthe market value
represergthe sum of the buyé& willingness to pagndthe buyeés and selldgs
satisfactionln other wordsthe termfimarket valué could be considered asither he
meaning othetransaction price or the actual salespide w Yor k Ci t yé6s Depar
Finance NYC& DOF) estimate the market valueof individual propertyusingthree
different approaatsdepending omhe property's tax class. Thalculationof market
valueis the starting point foestimatingthe taxable value ofreindividualproperty, and
every propertyn the cityhas to submitanannualeportthat includs all theinformation
needed tealculat their market value to NY& DOF,who thenestimates a market value

based on the reported informatifom the fiscal yearwhichrunsfrom July 1 through
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June 30 of théollowing year.

Several researchelrmveargued thathereal transaction price or an actual sales price
Is the most valuable data teiged to make theresearch more realistic. Cypher and
Hansz (2003)nsistedthatthe flaws of assessed value with regard to indicating an actual
market value or a real transaction prlicaited thevalidity of assessed valuaydin et al.
(2010)agreedconcludingthat dataon actual sales pricehould be preferred ovéne data
used fortax appraisabecausectual sales pricdatamore accuralg represerg actual
realestatemarket outcomesvioreoverthe Appraisal Institute (200yesentedwo
majorreasondor there being onlya tenuous correlation betweassessed value and
market valuel) outdated mass valuations for estimating assessed yahg2)
fractional assessment ratios, partial exemptionsjreapgpropriatdactors considered by
apprasers

However manyof thepreviousstudiesrelated toproperty value haveused assessed
valuesrather tharthe data from real transaction prices or actual sales pridestax base
market value datevas shown tgrovide a useful approximation to willgness to pay for
a residential property becaustthe comparable sales approacioptedoy the Harris
County Appraisal DistrictfCAD) in Texasand othersimilar agenciedor all residential
propertiedZhang 2010)Aydin et al. (2010plsogavetwo reasms whythey considered
assessed valués beappropriatdor their researchl) the limitedamountof dataon
actual sales prices during a typical research peand2) the correlation between actual
sales value and tax appraiséermisi (2009)put forwardthreemainreasons for using
assessaegenerated property valuaghen studying LEED certified buildingsovering
bothtotal assessed values and market values: 1) the difficulty in obtaining actual
transaction prices of propertied recently construed buildings hee little or no
transaction historyand 3) thegeneralack of awareness of the economic benefits to be
gained from LEED certification and tlensequences wheomparing the results of
current anduture researchsingthe same type of d& namely assessed property values.
In a similar vein, Matthews (2006) used tax assessment data to take advantage of the
linkage of tax parcel Geographic Information System (GIS) mapping data and the entire

property tax base assessed value oveetitieeresearch area. Scanlon and Cohen
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concluded that nAWhatever 4dsedagp@achmakes!| ar t ech
sense for incomeroducing commercial e s i d e nt i**aKim apdrSomp(201) t y o
agreed, noting that although recently the market valuaffsted estimates of rental
rates the rentatatesshould also have a fundamental impact on determining the market
value of property.
NYC& DOFmakesserious efforts to minimizéhe gap between theannual
estimats of market valus and actual sales pes or transaction priceby estimatinghe
market value of propeaesin NYC using different methagldepending on the tajasses
of the buildings concerned, taking into account changes in building conditions and
damagédo structures in areas of specialodd hazardNYC6s | ndependent Budg
(IBO) (2011) proviestwo different ways of reaching the assessed values determined by
NYC6s DOF: the actual assessed value, referr
transitional assessed value, oreased value. They considdithe actual assessed value
to be equal to the current estimated market value, which fully refi#cnnual changes.
Il n additi on, skht@osgiondl &sessedevalue todbe more stable than the
actual assessed val due to the two mechanisms involved, namely the cap on the
assessments and the phasing in of changes in assessed halo®rket valug used by
NYCé& DOF alreadyncludethe physical building characteristiagen they estimate the

market value of indidual properies

As a resultthis research only considgetthe information a LEED and Energy Star
certifications, andit utilized oneestimatedsalue, market valueyhencalculating the
property tax for individuapropertes The marketvalueis the pimary propertyvaluefor
tax calculation, and i also a fundamentadput for calculating the assessed valilibe
DOF dbesnot impose any caps for increasing price or decreasing price, just as actual
sales prices or real transaction pricesshot In addition, NYds DOF providstwo
differenttypes of tax reduction: exemption and abatement, diotvhich are directly
connected to not only the assessed value but also theatspesssetlecause¢he assessed
valueis reduced by an exemption before caltingaa taxwhile the taxitself is reduced

by abatement, thus sidestepping the second of the two issuedoatbed\ppraisal

15 http://www.manhattasinstitute.org/email/crd_newsletter@®.html
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Institute(2002) Overall, the market value estimated by the DOF sdemepresent the
property value reasonably well for afigperties in NYCbecauseheycontinually strive
to reduce the galpetweertheir estimatednarket value andctualsales priceor

transaction pries

Establishing the property values in the neighborhoodof LEED and/or Energy Star
certified office building utilizing the Hedonic Price Equationand Linear Mixed
Effect Model

Theoreticallythe hedonic price modéed useful to measure the value of the
environment using crossectional data for land values (Kanemoto 1997; Reichert 2002;
Lee 2010). In additiorhothCan (1992)and Lee et al. (2009)otedthat the hedonic price
regression modevas one of the most common approashsedto measure the effect of
neighborhoodactorsand toencompasghe characteristicef both the socieeconomic
and physical makep of a neighborhoodThehedonic price modetas alsowidely
applied to evaluate thealuationof residential propertyespeciallyin mass appraisala
the U.S. Dunse and Jtes1998) Kim and Son2011)agreedpointing outthatthe
hedonic price modetas a useful model for analyzing real estak@kes, which were
inherentlyheterogeneousn practice severakesearcherbaveutilized the hedonic price
model to investigate the effect etternal features in the existing environmentthe
property valesof commercial or residential properitythe real estate market lioththe
United Kingdom (U.K.) and the U.SHough and Kratz 198 Fisher et al. 1994; Dunse
and Jones 1998; Weinberger 2001; Chun et al.)2011

To arrive at abetter determinant coetient (F), the hedonic price modgfovides
four differentmodelequations for transforming the data saterderto identify the most
appropriatehedonic price modeDepending on the type of transformati@tingon a
response variable arid explanaory variablespne ofthe fourdifferentmodel equations
canbe selectednthe closestlinear equation grapf.he fourdifferentmodel equations

that anbe applied tdedonic price modeadquationsareas follows:

108



Linear function pi=aotazi+ ARKBAAA +

Log-linear function p;=ay+ &log(z;)) + A Aldghzh A +

Semilog function  log(p) =@+ aizs + &zo+ A A zZAHA A+

Log-log function log(pi) =&+ alog(zy) + A A AlGgENA+H

Note.p;: a value of response Vable, g: coefficient,z;; e x pl an at pangrrovterm, wrere | =e s
{ 1, rd and n is the number of subjectstiredata.

Therewas, howevera limitationon applyingthe hedonic price modé&r the curent
study as it lackethe capacityo analyze the impact of a LEED or/and Energy Star
certified office building onts neighborhood areasver time The hedonic price model
focuses on a certainpointin time whenanalyzingthe effect of external environmental
featureson property values dbuildings in the neighborhood aredmitthis researclvas
interested in the effect over an eight year perla inearmixed effect modeloffers a
more useful way tinvestigatechanges in the market value of neighborhpozperties
over time This approacltonsides bothfixed effectsand randoneffects The fixed
effectsof the explanatory variables fdheresponseare examinedfor all possible
categoryalues and the random effects yaasthe subjects or the groupppear when
only a random sample of psible category valses measuredn particular,alinear
mixed effect modeils helpfulwhen analyzingepeated measure data or cresstional
datain variousresearcldisciplines(Song 1999; Starkweather 2010; Kang and Kim 2011;
Seltman 2014). As eacubject providd numerougesponses, thesesponsgare
correlated, whicls explicitly forbiddenby the assumptiaof the standard ANOVA and
regression modelddoreover it bemmes possible teestimate random intercegfor each
subject, control correlad data, and deal with unequal varianogsising thdinear
mixed effect mode|SPSS 2005). Additionally, reseaerkcaninfer the fixed effects that
are the primaryfocus of this research as well@mdom efécts thatre notcentral to the
investigaton butare still ofinterestusing onlya small set of levelgrough thdinear
mixed effect mode(Song 1999; Seltman 2014he fundamentaéquation ofinear

mixed effect modeils as follows:
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Vi= @+ 26;€ Bt bazy + bozoj € ikmaj+ U

Note b, Fixed effectcoefficientsxy;: Fixed effect variables fasbservatiorj in groupl, bi,: Random effect
coefficients z,;: Random effecvariables, {: the error for case j in group i

Problem statement

Theimpacs of LEEDor Energy $ar certification have been examined by numerous
researcherthrough various economic measurements, and hasfound that the
certifications had positive impacon the property valisof the certified buildings
(McGraw-Hill Construction 2008; Miller eal. 2008; Eichholtz et al. 2010; Wiley et al.
2010; Fuerst and McAllister 201Xther researchers have focused on the impact of
externalfeatures in existing environments on neighborhood property vélledson 1980
Weinberger 2001Kim et al. 2003Mansfield et al. 2005ui et al. 2007Lin et al. 2009;
Liu et al. 2010; Chang and Chou 2010; Chun et al. 28afphores and Li 2012; Suh et al.
2013) Several studieBavealsoinvestigated the impact on neighborhood areas of
improvements to private spacesy conceptual aspects such as

and visible spacand green building certificatiofChang and Chou 2018uh et al 2013

A thorough review of the relevant literature identified a research quektibhas
not yet been addressedncerning the possibility of differemhpacs of LEED and/or
Energy Star certified office buildings on neighborhood property vapessibly
depending on the physicdistance betweetlhe nearby buildings and tihéED and/or
Energy Star certified officbuilding. LEED and/or Energy Star certificati@e likely to
be a1 independenexternalfeature in the existing environmanivhich then affecs
buildings in the neighborhoodn the same wags a characteristic like a foreclosure
becauseertificationshave an effect, in this case a positive one tloaproperty valueof
the certified buildingsThus,LEED or Energy Stacertification couldoe also expected to
exert various strengths shpacs on median unitmarket valuesf otherbuildingsin the
neightorhood

In line with thisreasoing, this research explodehe economic benefits of LEED
andbr Energy Star certifid office building by examining their effeabn the median unit

market values odther buildings irtheir neighborhoods from an economiarglpoint for
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both thelocal real estate market atite communityas a wholeThis studywasdesigned
to measure thenpactof a LEED and/or Energy Star certified office building the
median unit market value otherbuildings in itssurrounding neightroodbased on the
concept of walkable distanae terms ofthe change otinit market value othe LEED
and/or Energy Star certified office building, the achievemeh&#D and/or Energy
Star certificationandthetwo majorcharacteristics of LEED cerigiatiornt LEED
certificationcoverage and LEEDertificationlevel. A spatial analysis approaches
utilizing ArcGIS 10.1was usedo identify the buildings located within the boundary of
theneighborhood based on the geographic informaticdheif EED and/orEnergy Star
certified office building Two statistical analysisnodek, the hedonic price model arttie
linear mixed effect modelyerealso utilizedto identify anycorrelatiors between the
independent variables and the dependent varidbk output othis researcls
expressed numeridglto represent the strength and direction of the impathef
independent variables on the dependent variabie an economic standpoint

Methodology
Study area

NYC is one of the mostciive metropolitanareas for geen buildingsincludingthe
achievement of green buildiregrtification in the U.S.This emphasisvas supported by
initiatives such aPlanNYC whichrecentlypublisheda guideto providing better public
servicedn orderto maintainthe high quality ofesidentélivesthrough meetingheir
needs, enhancirttpeir economicstatus, and solvinthe environmental problenasising
from climate chang€The City of New York 2014)NYC has the second largest number
of LEED certifiedbuildings in the U.S. and atshas one of thehighestnumbers of
buildings that have achievéthergy Stacertification with the4™ largest number of
Energy Star certified building in 2012 among U.S. metropotiaes. Interestingly
approximately 80 percent of LEED certified loliiigsin NYC are located in Manhattan
andEnergy Star certified buildings presergimilartrend inthis metropolitancity. At
presentalmost 90 percent @he office buildingshaving LEED certification, Energy Star
certification, or bothn NYC are locatedon the island oManhattanWarren et al.(2013)
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also singled ouNYC and Washington D.C. as markets with good or better investment
prospects in 2011, and NYC was the odl{5. metropolitan city which has been
corsistentlyselectedas a good or bett@mvestment prospect in the real estate market
since 2011 (Warren et al. 2013nerefore, this research focdsen Manhattanoneof
NYCO 8ve boroughgthe others being theronx, Brooklyn, Queens, and Staten Island

Data sourcesand variables

Thegeographic information for LEE@ndbr Energy Star certified office buildings
was availablefrom various organizations such as CoStar Group, Honest Buildag
USGBC,and theEPA, but the informatioprovided byeachof theseorganizatios for
LEED or Enegy Star certified office buildingdiffers slightly It was necessary to
maintainaccurate an@onsistentatafor researclprojectsdue to the sligly differernt
information available foselected buildingssothe information a LEED certified office
buildings was gathered solefyom the USGBC database and tf@tthe Energy Star
certified office building from the EPA databas&€he nformationon the physical
characteristicef buildings in the neighborhood areass provided by NY@
Department of @y Planning (DCP) database.

The data orGeographic Information System (GliS)also provided b]NYC& DCP,
whoseGIS datasetis updateaegularly Themostrecent update ahe GIS dataset used
here,was in October 2013 he GIS data files suppe@dArcGIS 10.1.

The market value data detprovided byNYC& Department of Finance (DOF), and
was available to download from their webdibe thefiscal yeas (FY) 2009 througt2015;
data not providedntheir websitevereaccessed bg Freedom of Informabn Law
(FOIL) request fothe market value data frorY 2007andFY 2008 from NY s DOF,
which provided theelectronicdata files.Market values for the selectéED and/or
Energy Stacertified buildings and buildings in tmeneighborhoodfrom 2007 through
2013wereasl i st e d IORdatdbaseXi snark@t valus were based on the Fior
annual financial repostfor all properties in NYCwhich ranfrom July 1 through June 30

thenext year.
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Various dataneasuremerperiodswere coveredwith each dad set.The data sst
provided by USGBC and ER&ere from2007 through 2013 and from 2003 through
2013for this researcfrespectivelyBased on the available dathe market value data for
LEED and/or Energy Star certified building atieir neighborhoodreaswvere selected
for the periodifom FY 2007 through FY 2013

The measurements of datar the variables considered in thesearclare descriked
in Table4.3 The median markevaluefor a specificneighborhoodvas assigned athe
dependent variablendthe other characteristiosf LEED and/or Energy Staertified
buildings, such as th€ EED certificationlevel and coveragé&nergy Star certification
renewal, building area, number of floors, building age, egindependent variables in
boththe helonic price modednd linear mixed effect modeh particular, this research
tookthe median unit market valsef buildings in the surrounding neighborho@dher
thanthe mean valuas the dependent variable to avoid the limitations of the mean value
theorem. The mean valueight not be & appropriateéepresentative property value for a
specific area because a large number of high or low outlerd generate a skewed
distribution of unit market values (Smith and Huang 1995). The median value, on the
other handjs widely taken to be a good measure of the market value of properties in a
certain area and a better indication of market trends, consumer sentiment and market
conditions (Cossar 2013)
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neighborhoodZ007-2013)

surrounding neighborhood. Using the medial
valueavoidsthe limitations othe mean value

Table 4.3. The description of variables andlata source
Variable Variable name Description& numerical values Data source
N The level of LEED certitation
LEED certification kvel (Certified:1/Silver:2/Gold:3/Platinum:4) USGBC
a) Certificationfor part of the buildingor awhole
o K | LEED certification coveragq building (PartialLEED certification 1/Full USGBC
|| - LEED certification2)
5 — — - —
> LEED certified year Certl.fled yeargNon-certified year:0/Certified USGBC
S year:1)
©
5 5 = Energy Star certificativis reevaluated
& o g Energy Star certified year | annually.(Non-certified year:0/Certified EPA
2| year:1)
2 o Unit market valueof LEED | Market valueof propertyestimatecby NYCé&
X S | and/or Energy Star certifieq DOF fromFY 2007 throudh FY 2013 (in NYCs
‘2“ S | office building in the dollars) is divided by thproperty area DOF
neighborhoodZ007-2013) (building).
o Market valueof eachindividual property
el estimatedy NYCé& DOF fromFY 2007
o o throughFY 2013 (in USD) is divided by the
g c_>5 Median wit market valueof property area (building) to obtaiheunit' i
g = | buildinas in the market value for each properiffhe median NYCé
o _‘33 9 value is hen calculated for all properties in th DOF
S 5]
o =
)
o

theorem where using the mean valomybe
risky due to big or small outliers.

Defining the coverage and level of LEED certification for a LEED certified office

building achieving multiple LEED certifications

The performance d building thathasachieved Energy Star certificationust be

re-evaluatél annually in order to reneits Energy Star certification. Energy Star

certificationis alsoarelativelysimplebinary measure: either theiilding achieve the

certification or i
buildings. It is not necessarny re-evaluate the building performance of a LEED certified

d oletlem are nepecific classificatiomfor Energy Star certified

building whenrenewing LEED certification for the next ye&oweverandLEED

certification consiss of two majorcharacteristics, the coverage dedel both ofwhich

specifically indicate differensein LEED certificationbetween LEED certified buildings.

Moreover, LEED certification allog/theachievenent ofa further LEED certification

thatenhanesthe level of LEED certificatioor improvesthe LEED certification
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coverage from part of building tbewhole building.15 of the LEED certified office
buildingsin the screened population of this stuabhieved at least two LEED
certifications during the study period. Tabledpreserns the number of LEED certified
office buildings thatachievedmultiple LEED certificationsncluded inthis study.

Table 44. The number of LEED certified office buildings achieving multiple LEED
certifications

No. of LEED certifications TWQ.LEI.ED Thr(_e_e LEED FOW_ LE_ED
certifications certifications certifications
No. of LEEII_) C_ert|f|ed 13 1 1
office buildings

This studyre-definal the coverage anével of LEED certified office building
when theyachievedaddtional LEED certifications with a different coveragetbe
higherlevel of LEED certification LEED certification for a whole building took
precedence over LEED certification for partloé building for the LEED certification
coverageandthe higher lgel of LEED certification which rangegrom Certified the
lowest throughPlatinum the highestwas giverpriority whendefining the level of
LEED certification awarddto anoffice building For instancea LEED certified office
building that hadachieved one LEED certification for the whole office building with a
Gold level asts first LEED certification andthen achievedadditional LEED
certifications for pagof the office building with two Platinurtevelswas treated as
having GoldLEED certification for thewhole building forthe purposes dhis study.
Table4.5 liststhe results of defining the coverage ekl of 15 LEED certified office
buildings in this study.
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Table 45. Information on the coverage and level for LEED certifiedoffice building s
and the definition of the coverage and level of LEExertified office buildings

a2 Defining the

w o

T coverage and level

%' § LEED certification s (Coverage/Level) of LEED certified

S g office building

Z 0 (Coverage/Level)
15U [ Full/Certified | 2" | Partial/Gold | 3™ N/A 4m N/A Full/ Certified
15U [ Full/Certified | 2" | Full/Silver | 3T N/A 4m N/A Full/Silver
1 Full/Silver | 2| Ful/Gold | 3¢ N/A 4" N/A Full/Gold

S | 12| Fuycold |2¢| Pl Taal A [ A Full/Gold

= Certified

S [ 1] Partial/Gold [ 2™ ]| Full/Silver [ 3° | NA [4" ] NIA Full/Silver

€ 15U [ Full/Certified | 2" | Full/Gold | 3T N/A 4" N/A Full/Gold

o | 1| Fuwsiver || RaMALTgel A fan | Na FullSilver

[T Silver

W 15[ Full/Silver | 2" Partial/Gold | 3¢ N/A 4" N/A Full/Silver

] 1 Full/Silver | 2"9| Partial/Gold | 3™ N/A 4m N/A Full/Silver

= EE Full/Gold 271 Full/Gold | 3¢ N/A 4m N/A Full/Gold
1| Partial/Gold | 2| Full/Silver | 31 N/A 4m N/A Full/Silver
1 Full/Silver | 2"9| Partial/Gold | 3™ N/A 4m N/A Full/Silver
1 Full/Silver | 2"9| Partial/Gold | 3™ N/A 4m N/A Full/Silver

[a %)

w c

-2 Partial/ Partial/

o S| 1| FullGold | 2" artia gd | Fartal on | A Full/Gold

o= Platinum Platinum

)

= o

a g

ok - i

= 8| 19| Ppartiasilver | 2| FuliGold | 3¢ | Patial | | Partial Full/Gold

55 Platinum Platinum

2g

Defining the neighborhood area

This researcBought to identifithe correlationif any, betweerthe attributes of a
LEED and/or Energy Star certified office building ahe median unit market value of
buildingsin the surroundingneighborhoodln general, the definition afeighborhoods a
district or locality characterized by similar or comparable land uses and homogenous
groupings with neighborhoodoundarieshat consist of welldefined natural or man
made barriers, land use chasgr the charactistics of the inhabitantéAppraisal
Institute 2002; Friedman et al. 2013). This definition has been adapted for this research

by consideringseveral conditions of #researclguestion As mentioned earlier,
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walkable distances a coreexternal environmental feature thatwidely used to estimate
the market value of eertainbuilding because the walkable distance directly relates to
public transportatiomidership and other demographics that contribute directly to
fostering more livald neighborhoods from the economic, safety, nodiuctvity
standpoints. Consequently, theighborhooaf a LEED and/or Energy Star certified
office buildingwas taken tobethe walkabledistancefrom that building and the
neighborhood boundagorrespodedto the maximum walkable distancas inprevious
studies(Rood200Q FHWA 2002 Dill 2003; Sohn et al. 2012 he radius of the
neighborhood of individual LEED and/or Energy Star certified office buikehas
thereforetaken to bea quarteof a mile(0.25 miles)irom that buildingto define the
neighborhood aref@r the purposes dhis research.

Researchmethod

Two major approaaswere used inhis researchspatialandstatisticalapproachse
It was necessary to understand the geographic infoomediated to th&.EED and/or
Energy Star certifiedffice buildings and their neighborhood areas to integratieall
availablegeographicalphysicalandeconomic informatioror individual buildings,
collected from varioudata sources using ArcGIS 10AL statistical approactvas then
appliedto analyze the correlation between the independent variables and the dependent
variableand toindicate the direction adhe correlationnumerically Theseare explained
in more detail below.

Geographicaimethodapplied
ArcGIS 10.1 was used to establiste precisespatial distribution of LEED and/or

Energy Star certified office buildings in Manhattan NYC, émalentify individual

buildings within their surrounding neighborhad@he detagdtasksinvolved in ths

process weras follows:

- Creata map containingll the informationfor theLEED and/or Energy Star

certified officebuildings in Manhattan, along with other relevéedturesof the
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certified buildingsas thendependent variable.

- Pinpoint and desigate the surrounding neighborhood area of each LEED and/or
Energy Star certified office building witha 0.25mile-radius choserbased on
the walkable distan¢g®n themapcreatedn the previous step

- Distinguish thendividual buildings includedn eachneighborhoodurrounding
a certified buildingrom all buildings located in Manhattan NYC.

- Constructan overall data sheet that includes all the primary information to be
applied to the statistical analysis using a statistical computing tool, after which
the overall data sheet can be integrated by matching the number of each
BoroughBlock-Lot (BBL) from the raw data

- Export the integrated secondary data using a CSV file, whose format is accepted
by fiR-Project 3.0.8to obtaintheregressiomesultsof thisresearch

Statisticalmethod applied

Statistical methodaere applied to obtain the numerical results with which to
interpret the correlation between the independent variables and the dependent
var i ab |ReProedt3iomdg bfiae sed on t dels, the bedoniewicei o n
model and the linear mixed effect model. This study examined the impact of LEED
and/or Energy Star certified offidmiildings on thenedian unitmarket value of
buildings in their surrounding neighborhood; as shown above in Tahléhé.
independent variables in this research consisted of major features of the LEED
and/or Energy Star certified office buildings such as tineiir marketvalues and the
specific characteristics of their LEED and Energy Star certificationssdieened
populationof LEED and/or Energy Star certified office buildings included in the
study consisted of the office buildings that achieke&D and/or Energy Star
certificationat least once within the research period (2007 through 2013) in

Manhattan, NYC. Hece, the statistical methods applied were based on the specific
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data for these independent variables taking into account the status change from pre
certified LEED and/Energy Star to pestrtified LEED and/or Energy Star to

guantify the impact of a buildghachieving LEED and/or Energy Star certification

on the market values olildings in the surrounding neighborhood. The relationship
between the unit market value of a LEED and/or Energy Star certified office
building and the median unit market value afiéhngs in the neighborhood was
deemed an appropriate way to represent the impact BB® and/or Energy Star
certificationof eachbuilding on its neighbdmod areaver time because the unit
market value of the LEED and/or Energy Star certified efbaildings should

already reflect the change of the statusBED and/or Energy Star certificatiam

the certified building itself. In general, the unit market value of a LEED and/or
Energy Star certified office building was taken to include all unitketavalues of

that building for every year throughout the study period, even if the value had risen
or fallen since th€ EED and/or Energy Star certificatiovere achieved by that
building. Furthermore, the independent variables consisted of not onipnithe

market value of the LEED and/or Energy Star certified office buildings themselves
but also the major features of thelEED and/or Energy Star certificatiom order to
identify any correlations between the certifications and the unit market value of
buildings in their neighborhoods. Therefore, the results of statistical methods should
indicate the correlation between the unit market value of each LEED and/or Energy
Star certified office building and the median unit market value of buildings in its

neighborhoodSpecific tasksvereinvolved as follows

- Selecttwo differentanaly®s that meet the needs of this researebcdptive

analysis andegression analysis.

- Analyze thesecondarylata based on the hedonic price model and the linear

mixed effectmodel.

- ldentify the correlatiors between théndependent variables and the dependent
variableto comprehendhe impact ofLEED and/or Energy Star certification

statisticallyfrom asocioeconomicperspective
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- ldentify all the coefficientsneeded t@omplet the equatiorior thelinear mixed
effect modelwhich isbased on theedonicprice model, anddeterminehe
direction oftheimpact ofLEED and/or Energy Star certificatidrom the

coefficientvalues

- Validate the numerical models based on ta#igtical results usinghe Log
likelihood ratio statisticswhich could explain the fitness of numerical models of
this study through the comparison between the fitted model and the null model.

Results
Geographical approach method analysis

The geographicapproactwas used taleterminethe distribution of LEED and/or
Energy Star certified office buildirsgitilizing a streetscalemap ofManhattanNYC,
and to identifybuildings in thesurroundingneighborhooaf each The distribution of
LEED and/or Energystar certified office buildingand buildingsn their neighborhoods
shownin Figure 43 throughFigure 420 usingthe ArcGIS10.1 toolwith a basic parcel
map which was prCevided by NYCO6s D
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Figure 4.3. Distribution of LEED and/or Energy Star certified office building
in Manhattan NYC (Overview)
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Figure 4.4. Distribution of LEED and/or Energy Star certified office building
in Manhattan NYC (Uptown)
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Figure 4.5.' Distribution of LEED and/or Energy Star certified office building
in Manhattan NYC (Midtown)
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Figure 4.6. Distribution of LEED and/or Energy Star certified office building
in Manhattan NYC (Downtown)
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Figure 4.7. Distribution of neighborhood of LEED and/or Energy Star
certified office building in Manhattan NYC (Overview)
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Figure 4.8. Distribution of neighborhood of LEED and/or Energy Star

certified office building in Manhattan NYC (Uptown)
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Figure 4.9. Distribution of neighborhood of LEED and/or Energy Star

certified office building in Manhattan NYC (Midtown)
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Figure 4.10. Distribution of neighborhood of LEED and/or Energy Star
certified office building in Manhattan NYC (Downtown)
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Figure 4.22. Distribution of neighborhood of Energy Star only
certified office building in Manhattan NYC (Uptown)
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Figure 4.14. Distribution of neighborhood of Energy Star only
certified office building in Manhattan NYC (Downtown)
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Figure 4.15. Distribution of neighborhood of LEED only
certified office building in Manhattan NYC (Overview)
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Figure 4.20. Distribution of neighborhood of LEED and Energy Star
certified office building in Manhattan NYC (Downtown)

Of the 171 LEED and/or Energy Star certified office buildings in Manhaft4é
were selected for inclusion in this studie population wascreenedased on the
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congruousness of ttevailabledatato maintain consistency in this research after
integrating the information provided by USGBC and EPA with the geographic

i nformation provided by t lydffelYiQf@matioDnf@P becaus
LEED and/or Energy Star certified office buildsyrovided by each organization.
Therefore, the LEED and/or Energy Star certified ofbaédings in Manhattawere

sorted and selected by matching the BoreBgitk-Lot (BBL) numberto ensurehe
consistency ofhe specific data information for the scredngopulation groupThe

information on buildings with LEED and Energy Star certificaticasprovided bythe
USGBCand theEPA, respectivelyand the geographic informatievasprovided by
NYC6s DCP. Most of the 149 L EBngsmd/ or Energ
ManhattarNYC were located around the midtown area, with the rest dispersed around
the westsouthern area of Manhattan along the coastline. Interestingly, only one Energy
Star certified office buildingvas located at the northern end of Mattaa. The

neighborhood of each of the certified office buildingss taken tdoe the geographical
boundary of neighborhood area for each LEED and/or Energy Star certified office
building. The proximity to the closest subway entrance of the buildings Im eac
neighborhoodvas also taken into account because the walkable distance from a building
to the closest subway entranges expected to have a major impact on the property value
of that building. As shown in thereviousfigures, most of the neighborhoorkas

included several different subway entrances, which indid#ébat most of buildings in

those neighborhood areasre indeed located within a walkable distance of the closest
subway entrance. According to their precise geographical locationsithearket value

of buildings in the same neighborhoodwid have a roughly equivaleimpactdue to

their proximity to the closest subway entrance. Only three neighborhoods surrounding
LEED and/or Energy Star certified office buildingd dot have any subwagntrances

within their neighborhood boundary, as shown in Figures 4.21, 4.22, and 4.23. Although
the greatest distance of a building in the neighborhood to the closest subway emésance
about 0.8 miles, or 17 minutes, as measured by the recommendsdrioale function

for a pedestrian on thenline Google Map service, the greatest strailyied distance

between the same building and the nearest subway entvas@bout 0.58 miles,

calculated based on the geographic latitude and longitude of thenstama points, 166
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W 46th St. and the BtropolitanTransportatiorAuthority (MTA) subwaystation of 42nd
St-Port Authority Bus Terminal (Figure 4.23). This research utllibe straightine
distance to determine the boundary of the neighborhood of ® l#8/or Energy Star
certified office building; thus, the greatest distance of a building in the neighborhood to
the closest subway entranees also based on the straidine distance in this research.
Based on this research conditionyis reasonable assume that a 0.58 migraight

line distancevas a wal kabl e distance in NYC in accor
Transportation Authority, which consideta 15 minute walk to be acceptable.
Consequently, all the buildings in every neighborhood smdang a LEED and/or

Energy Star certified office buildingere treated as being located within a walkable
distance of the closest subway entrance, and thiddtherefore have a similar economic
effect on the market values of every building in the neaghttodas an external
environmental feature due to their equivalent convenient accessibility kbTihe

subway system and the uniform satisfaction of subway transit commuters traveling to
work in buildings in the neighborhood of a LEED and/or Energy Stdified office
building. The three neighborhoods that lkedkubway entrances in their neighborhood
areasvere described by comparing the difference of both distances, pedestrian walk
route distance and straiglme distance, to the closest subway erteafilom the
furthermost building in their neighborhoods (Figures 4.21, 4.22, and 4.23).
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Limits of walkable distance for buildings in th
neighborhood of a LEERnd/or Energy Stai
certified office building
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Figure 4.21. No subwayentrancein the nelghborhood of 1 N End Ave
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Limits of walkable distancéor buildings in the
neighborhood of a LEE&nhd/or Energy Star
certified office building

(333 E 38 St.)
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Figure 4.22. No subwayentrancein the neighborhoodof 333 E 3§' St.
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Limits of walkable distance for buildings in th
neighbornood of a LEED and/or Energy S
certified office building (636 11 Ave.)
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Figure 4.23 No subwayentrancein the nelghborhood of 636 11h Ave

As therewas such a high density of LEED and/or Energy Star certified office
buildings in the midtown area of ManhattanmelLEED and/or Energy Star certified

office buildings were included in the neighborhood area of other LEED and/or Energy
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Star certified office building as shown in Figuré.24.

Multiple LEED and/or Energy Star certifie
office buildingsas a neighboring building
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Figure 4.24. LEED and/or Energy Star certified office buildingsin the
neighborhood of Energy Star only certified officebuilding
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Thepropertymarket valuep r o v i d e ds DDy alréady@ellectenhost ofthe
characteristics related to the internal building features and external environmental
features surrounding the property, so the market value of a LEED and/or Erargy St
certified office building alreadyobkinto account the status of its LEED and/or Energy
Star certification indirectly via general economic variables such as price and rent values,
ownershiptenancy ratio, transporation availability and costs, andyutitists, all of
whichwere considered annually when estimating the market value of buildings in NYC
by NYC6s DOF (New York City Dweqglavedigatomt o f
2004). Morewer, themeasurements of property valsiech agental ratessales price,
occupancy rateand resale value raveere impacted by achieving LEED and/or Energy
Star certification, as demonstrated in several studies (Miller et al. 2008; MddHaw
Construction 2010; Eichholtz et al. 2010; Wiley et al. 2010; Suh 2043).

Consequently, the median market value of each building in the neighborhooddnclude
every direct or indiredmpactfrom the internal and external features, including the
changes in the market value of the LEED and/or Energy Star certified lodiickng due

to the achievement of LEED and/or Energy certification.

In addition, he high density of LEED and/or Energy Star certified office buildings in
ManhattarNYC resulted in aelatively close distance between each LEED and/or
EnergyStar certifed office building Thus numerous overlappingreas between the
neighborhoods of LEED and/or Energy Star certififite buildingsexisted Figure 4.25
shows acaseof overlapping aras of neighborhood of three different certified office
buildings This figure revead three overlapping areasne overlapping aeeinclude
LEED only, Energy Star certificationnly, and LEED and Energy Steertifications and
two overlappingareasare created by the neighborhoods of LEED only and Energy Star
only certifiedoffice buildings The overlapping areas were identified as a limitation of
statisticalmodels for this research because this study focused on the impddEBD
and/or Energy Star certified office buildimgt ontheindividual unit market valueof
ead building in its neighborhoodndhence themedian unit market value tiie
overlapping areafor nearbycertified office building, but rather orthe median unit

marketvalueofe ac h c er t i heiglbdrhobdudeperdténtlyg 6 s
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Figure 4.25. Overlapping areas ofneighborhoods of LEED and/or
Energy Star certified office buildings

Note. The significance of numbers used to label the overlapping areas is as follows: Overlapping
neighborhood 1: Overlapping three certifigffice buildings(LEED certification only, Energy Star
certificationonly, and LEED and Energy Steertification3, Overlapping neighborhood ®verlapping
two certifiedoffice buildings(LEED certificationonly and Energy Starertificationonly), Overlapping
neighborhood 3: Overlapgtwo certified office buildings (Energy Steertificationonly and LEED and
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