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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
¢ Carbon emissions and buildings are closely related

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

¢ Built environment offers largest potential for greenhouse gas
abatement

¢ IPCC (2007), Stern (2008)

Impact of energy costs directly affects tenants and investors

¢ Energy costs are single largest expense in provision of office space
¢ 30 percent of operating expenses (investors)
¢ 10 percent of total housing costs (tenants)

¢ Salience can only increase with rising energy prices

Awareness is growingandt he | mportance of
practices has increasedeée
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Counts of the usage of "green building" in the popular press ====Visitors at "Greenbuild" conference




nNGreeno buil di
25 largest commercial office markets

Percent of U.S.
Office Market

2009
CBSA (sq. ft)
New York-Northern New Jersey-Long Island 11.21
Los Angeles-Long Beach-Santa Ana 5.90
Washington-Arlington-Alexandria 4.87
Chicago-Naperville-Joliet 4.66
Dallas-Fort Worth-Arlington 3.47
Boston-Cambridge-Quincy 3.30
San Francisco-Oakland-Fremont 3.04
Atlanta-Sandy Springs-Marietta 2.94
Houston-Sugar Land-Baytown 2.89
Minneapolis-St. Paul-Bloomington 1.77
Seattle-Tacoma-Bellevue 1.77
Phoenix-Mesa-Scottsdale 1.64
Denver-Aurora-Broomfield 1.60
San Diego-Carlsbad-San Marcos 1.20
San Jose-Sunnyvale-Santa Clara 1.16
Cleveland-Elyria-Mentor 1.09
Sacramento--Arden-Arcade--Roseville 1.01
Portland-Vancouver-Beaverton, 0.97
Cincinnati-Middletown 0.96
Charlotte-Gastonia-Concord 0.92
Austin-Round Rock 0.86
Riverside-San Bernardino-Ontario 0.70
Milwaukee-Waukesha-West Allis 0.69
San Antonio 0.66
Hartford-West Hartford-East Hartford 0.64




Economic significance of
Systematic evidence limited

AA higher initial outlay
¢ Not clear how much higher (017 20%)

may be compensated su
Direct cost savings
Increased rents
Increased economic lives, reduced depreciation

O 0 0O D

A Little systematic evidence



Research Design
| nvest ment dynamics and t he s«

|. Sample of 8,000 office buildings (2007 i 2009 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
¢ Returns during turbulent 2007 i 2009 period

. 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
¢  Rigorous control for quality differences (PSM)
¢ Label vintage

2. ldentify the sources of rent and value increments
¢  Explicit link to
¢ USGBC measures of nAsustainab
¢  EPAs measures of energy efficiency



Certified Angreeno buil di
Two programs: Energy Star (EPA) and LEED (USGBC)

¢ EPA: Energy Star for Commercial Buildings (1995)

¢ Efficiency in source energy use is in top quarter relative to all
buildings of the same type

Standardized for building use (occupancy, hours) and climate
Certified by professional engineer
Based on real energy consumption (at least one year of bills)

¢ USGBC: Leadership in Energy and Environmental
Design (1999)
¢ Scoring systems based on 6 <cor
¢ Energy efficiency is just one component
¢ Various systems and versions over time
¢ Based on design stage (and now verified after construction)



Example: 101 California St, San Francisco
Energy Star certified, LEED Gold
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Defining conventional comparables
Systematic match on location

A Based 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
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Clusters of ngreeno and
Minimum of one control building per cluster
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2007 1 2009 office market dynamics
Office rents, vacancy rate, and unemployment

A. New York Downtown Market
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Part |

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

C 8,182 observations as of September 2007
C 694 rated buildings and 7,488 nearby control buildings

C Rents, occupancy rates, effective rents

C Same sample matched to financial information
In October 2009

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

N
IOg I%nt = aO +at + bICit +é- ~gnCn +0':gt +eint

n=1

R,,; IS the rent or effective rent per sq.ft.
X Is a vector of hedonic characteristics
Size, age, renovation, quality, amenities, public transport, €
g Is an indicator for a green building
c, IS a vector of variables identifying each of 694 separate clusters

To T J>o I I



Regression results: rents and green ratings

Pooled observations in 2007 and 2009 based on the 2007
sample frame

Effective Rent
(per sq. ft)”

Year 2009

Green Rating in 2009
(1 = yes)

[0.011]
20.029%*
[0.014]

-0.075%**

10.014]
20,05 1%%
[0.017]

Kenovated, 200 /-200Y
(I =yes)

Building Size
(millions of sq. ft.)

Hedonic Variables
Cluster Dummies

Constant

R
R’ adj.

S@;mple Size

0.218
[0.038]

0.032%**
[0.005]

Y
Y

2.2]9%x*
[0.178]

11,350

0.704
0.684

0.06>
[0.059]

0.085%**
[0.006]

Y
Y

| 429k
[0.200]

11,350

0.634
0.610




Alternative specification
First differences

AWe al so analyze rent change:s
buildings, 2007-2009:

[lOg I%nT B |Og I:ﬂnz‘] - (aT - at)_l-bi(xiT B Xit)+qgiT B dz‘giz‘ + (QnT - an‘)

¢ The dependent variable is the logarithmic change in rent
between times fand T.

¢ (X1 Xy is the change in the hedonic characteristics of
building i

¢ drand df are the rental increments for a green rated building
at times T and ¢ respectively

A We also include measures of each location i 694
Separate dummies



Regression results
Logarithmic changes in rent and effective rent, 2007-2009
Returns to Agreeno buil di ngs

() @) (3) @ B) ©)

Green Rating -0.030** -0.014 0.005 -0.052%%* -0.032%* -0.010

in 2007 and 2009 [0.012] [0.013] [0.014] [0.015] [0.016] [0.016]
New Green Buildings in Cluster -0.036** -0.024
[0.015] [0.016]
Change in Vacancy Rate 0.157 0.258 0.138 0.238

(percent) [0.161] [0.157] i [0.225] [0.224] i
Change in Office Stock -0.098*** -0.071%** -0.130%** -0.168%** -0.116%** -0.199%**

(percent) [0.013] [0.014] [0.036] [0.019] [0.020] [0.043]
Renovated in 2008 or 2009 0.030 0.017 0.068%** 0.064 0.047 0.086**

(1 =yes) [0.024] [0.024] [0.026] [0.043] [0.041] [0.040]
Building Class:

Class A -0.039%* -0.032* -0.063%** -0.043
(1 =yes) [0.015] [0.019] [0.022] [0.026]

Class B -0.022* -0.014 -0.036** -0.013
(1 =yes) [0.013] [0.014] [0.018] [0.020]

Constant 20.010 -0.089 0.101 -0.001 L0.259% % -0.173
[0.008] [0.059] [0.104] [0.011] [0.084] [0.126]

Hedonic Variables Yes Yes Yes Yes Yes Yes
Location Clusters No No Yes No No Yes

Sample Size 4,541 4,541 4,541 4,541 4,541 4,541
R’ 0.014 0.034 0.233 0.023 0.046 0.221
R’ Adj. 0.013 0.030 0.124 0.022 0.043 0.110




Part |l

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

C October 2009 sample of all green office buildings

¢C Rental sample
C 1,943 green buildings
C 21,395 control buildings

C Transactions sample
C 744 green buildings
C 6,065 control buildings

C To control for differences in quality, we estimate a
propensity score for each building

C The probability |} that a bu
function of its hedonic characteristics



Green buildings and conventional comparables
Propensity score weighting substantially reduces differences

Rental Sample Sales Sample
Rated Control PSM Controls Rated Control PSM Controls
Buildings Buildings Buildings Buildings

Size 299.83 155.65 282.88 326.39 139.92 311.86
(thousands sq. ft.) (292.40) (245.73) (176.74) (336.85) (275.21) (270.99)

75.75 26.9 71.94 75.66 21.50 69.53
(42.87) (44.34) (37.53) (42.95) (41.09) (44.23)
23.21 52.73 26.90 23.47 51.16 29.24
(42.23) (49.93) (12.57) (42.41) (49.99) (15.16)
1.04 20.37 1.16 0.87 27.34 1.23
(10 15) 4027 (131 (932) (44 58) (1.01)
Age 24.65 53.22 25.93 26.31 60.48 28.37
(years) (17.36) (34.33) (7.56) (19.47) (37.29) (9.84)
Rental Contract
(percent)
Triple Net 22.11 14.74 22.94
(41.51) (35.45) (23.04)
Plus Electric 7.99 8.16 9.22
(27.12) (27.38) (13.22)
Modified Gross 1.31 7.94 2.58
(11.39) (27.04) (5.79)
Plus All Utilities 0.82 1.34 0.64
(9.03) (11.51) (2.89)
Gross 67.76 67.81 64.62
(46.75) (46.72) (30.07)




Model specification
Standard hedonic pricing model

AThe mar ket | mpl i cations of ngreen
office properties:

ANP
log Rm =a+ ﬁiXi + 2 ‘J/n.Cn. + 581 + 81}1

n=1

¢ R, is the rent, effective rent or transaction price per sq.ft.
¢ X Is a vector of hedonic characteristics
¢cSi ze, age, renovation, <cl ass

¢ Percent change in employment in service sector (CBSA) to
control for regional variation in demand for office space

¢ c, are cluster dummies to control for location T 1,943 (744)
separate dummies in the rental (transactions) sample

¢ Dummy variables for year of sale in transactions sample



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




