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Climate change and the built environment
Small improvements in buildings can have large effects

1. Climate change and its consequences are global

Ç Carbon emissions and buildings are closely related

Ç 30 percent of global greenhouse gas emissions stem from 
buildings (construction and usage)

Ç Built environment offers largest potential for greenhouse gas 
abatement

Ç IPCC (2007), Stern (2008)

2. Impact of energy costs directly affects tenants and investors

Ç Energy costs are single largest expense in provision of office space

Ç 30 percent of operating expenses (investors)

Ç 10 percent of total housing costs (tenants)

Ç Salience can only increase with rising energy prices

3. Awareness is growing and the importance of ñgreen buildingò 
practices has increasedé



Usage of ñgreen buildingò in the popular pressé



éand visitors at the ñGreenbuildò conference



ñGreenò building in the marketplace?
25 largest commercial office markets



Economic significance of ñgreenò building
Systematic evidence limited

ÁA higher initial outlayé
Ç Not clear how much higher (0 ï20%)

é may be compensated subsequently
Ç Direct cost savings

Ç Increased rents

Ç Increased economic lives, reduced depreciation

ÁLittle systematic evidence



Research Design
Investment dynamics and the source of ñgreenò increments

I. Sample of 8,000 office buildings (2007 ï2009 panel), 694 
of which are certified by EPA Energy Star or the U.S. 
Green Building Council

1. Short-run price dynamics of green office buildings

Ç Returns during turbulent 2007 ï2009 period

II. Sample of 28,000 office buildings (2009 cross section), 
3,000 of which are certified by EPA or USGBC

1. New evidence on the economic premium for green office buildings

Ç Rigorous control for quality differences (PSM)

Ç Label vintage

2. Identify the sources of rent and value increments

Ç Explicit link to

Ç USGBC measures of ñsustainabilityò

Ç EPAs measures of energy efficiency



Certified ñgreenò buildings 
Two programs: Energy Star (EPA) and LEED (USGBC)

Ç EPA: Energy Star for Commercial Buildings (1995)

Ç Efficiency in source energy use is in top quarter relative to all 

buildings of the same type

Ç Standardized for building use (occupancy, hours) and climate

Ç Certified by professional engineer

Ç Based on real energy consumption (at least one year of bills)

Ç USGBC: Leadership in Energy and Environmental 

Design (1999)

Ç Scoring systems based on 6 components of ñsustainabilityò

Ç Energy efficiency is just one component

Ç Various systems and versions over time

Ç Based on design stage (and now verified after construction)



Example: 101 California St, San Francisco
Energy Star certified, LEED Gold



Defining conventional comparables
Systematic match on location

ÁBased upon longitude and latitude, we use GIS to 

identify all conventional office buildings in a 0.25 mile 

radius



Example: 101 California St, San Francisco
Energy Star certified, LEED Gold



Clusters of ñgreenò and control buildings
Minimum of one control building per cluster

Chicago, IL Houston, TX Columbus, OH



2007 ï2009 office market dynamics
Office rents, vacancy rate, and unemployment



Ç 8,182 observations as of September 2007

Ç 694 rated buildings and 7,488 nearby control buildings

Ç Rents, occupancy rates, effective rents

Ç Same sample matched to financial information

in October 2009

Ç We analyze developments in rents, occupancy rate, effective rents:

Å Rint is the rent or effective rent per sq.ft.

Å Xit is a vector of hedonic characteristics

Å Size, age, renovation, quality, amenities, public transport, é
Å git is an indicator for a green building

Å cn is a vector of variables identifying each of 694 separate clusters

Part I

 

logRint=a0+at+biCit+ gncn+dtgit+eint

n=1

N

ä

Short-run price dynamics of green buildings
Substantial increase in rated space in a contracting economy



Regression results: rents and green ratings
Pooled observations in 2007 and 2009 based on the 2007 

sample frame



Alternative specification
First differences 

ÁWe also analyze rent changes in ñgreenò and control 

buildings, 2007-2009:

Ç The dependent variable is the logarithmic change in rent 

between times tand T. 

Ç (XiTïXit) is the change in the hedonic characteristics of 

building i

Ç dT and dtare the rental increments for a green rated building 

at times T and trespectively 

ÁWe also include measures of each location ï694 

separate dummies

 

logRinT-logRint[ ]=aT-at( )+bi XiT -Xit( )+dTgiT -dtgit+einT-eint( )



Regression results 
Logarithmic changes in rent and effective rent, 2007-2009

Returns to ñgreenò buildings not significantly lower



Part II

New evidence on ñgreenò buildings
Cross section of green buildings at the end of 2009

Ç October 2009 sample of all green office buildings

Ç Rental sample

Ç 1,943 green buildings

Ç 21,395 control buildings

Ç Transactions sample

Ç 744 green buildings

Ç 6,065 control buildings

Ç To control for differences in quality, we estimate a 

propensity score for each building

Ç The probability ɟ that a building is certified, as a 

function of its hedonic characteristics



Green buildings and conventional comparables
Propensity score weighting substantially reduces differences



Model specification
Standard hedonic pricing model

ÁThe market implications of ñgreenò certification in commercial 

office properties:

Ç Rin is the rent, effective rent or transaction price per sq.ft.

Ç Xi is a vector of hedonic characteristics

ÇSize, age, renovation, class, amenities, public transport, é  

Ç Percent change in employment in service sector (CBSA) to 

control for regional variation in demand for office space

Ç cn are cluster dummies to control for location ï1,943 (744) 

separate dummies in the rental (transactions) sample

Ç Dummy variables for year of sale in transactions sample



Propensity-weighted regression results
Market implications of Energy Star and LEED


