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A MARKET-DRIVEN GREEN OFFICE BUILDING

INDEX

Executive Summary. This paper reports on the

development and potential implementation of a

new green office building rating index intended for

building owners and real estate office portfolio

managers. It provides a market-driven green scor-

ing method applicable to most U.S. office buildings.

The underlying index data draws from office ten-

ant surveys and hedonic analysis of rent rolls. This

paper details the development and first steps to-

wards implementation of the scoring system. A va-

riety of models are analyzed, discussed, optimized,

and tested on a captive sample of 197 U.S. office

buildings. A reasonable model shows that about

40% of the non-LEED-certified buildings score

higher than the lowest scoring LEED-certified

building. This indicates a market may be present

for this type of measurement tool. Office and port-

folio managers could use this index to market the

sustainability features in their buildings and obtain

a market premium for these features.
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Growing bodies of work report on the need for real

estate development to consider sustainability in a fi-

nancially viable fashion. The need for sustainably

smart construction and renovation incorporating

tenant and fiscal interests stems from key real estate,

property management, energy, and building litera-

ture both domestically and internationally, as well

as from practice with market indices like Leadership

in Energy and Environmental Design (LEED),

ENERGY STAR (ES), and BREEAM (outside the

U.S.). The index we create builds on the work of

Pivo and Fisher (2011), who suggest that so long as

the additional cost does not exhaust the premium,

developers should construct more sustainable, walk-

able buildings. In the property management field,

growing consensus believes that tenant engagement

is key to long-term occupier satisfaction in the sus-

tainable building field (Jailani, Reed, and James,

2015).

The use of commercial indices in general (Sun,

Yang, and Zhao, 2012; Evans and Mueller, 2016) is

widespread in the real estate literature. Further, sev-

eral recent applied articles have addressed part of

the green office building puzzle. Kelly, Adair,

McGreal, and Roulac (2013) evaluate walkability

scores; Sah, Miller, and Ghosh (2013) examine

green REIT performance; and McDonald and Der-

misi (2008) assess green brand designations in the
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Exhibit 1 u LEED Adoption Rate by the Number of
Buildings and Square Footage: 2005–2014

Note: This chart shows the number and square feet of LEED-certified
office buildings as a percentage of all office buildings in the top 30 U.S.
markets. The source is the CBRE National Green Building Adoption In-
dex (2015).

Chicago market. Progress on the idea of a uniform

measuring system has begun in Europe, where El-

lison and Brown (2011) compare scoring mecha-

nisms with the goal of building a common system

of measurement for reporting sustainability.

In this paper, we move the literature forward by ex-

amining the efficacy and demand for a green office

building index available to the vast majority of office

buildings, including those unable or unwilling to at-

tain a LEED certification. Building upon a series of

related, funded research,1 we construct a market-

viable green building index based on the ten-step

product development methodology recommended

by Christensen, Robinson, and Simons (2016). The

index combines results from willingness-to-pay

(WTP) for sustainable building features reported in

Robinson, Simons, Lee, and Kern (2016), regression

analyses on the sustainable features taken from

Robinson, Simons, and Lee (2017), and institutional

qualitative guidance outlined in Christensen, Rob-

inson, and Simons (2017).

In addition to the theoretical foundation in the lit-

erature, a clear market demand for this research is

present. The dominant certification in the U.S. green

building sector, LEED, has attained a 16% market

share of existing office buildings by space, 3.5% by

buildings (Kok, Holtermans, and Pogue, 2015), up

from less than about 1% and 0.25%, respectively,

in 2008. However, the substantial expense and

geographic constraints inherent in LEED certifica-

tion may have caused it to reach market saturation,

especially among existing buildings where attain-

ing LEED status may be not be cost-effective (Ex-

hibit 1).

Institutional investors and pension funds like the

California Public Employees’ Retirement System

(CALPERS) often incorporate socially responsible

investment into their strategic investments. Should

they be limited to LEED in the real estate sector

(Mook, Whitman, Quarter, and Armstrong, 2015)?

The green office building index we propose helps

meet this market need and can potentially provide

value to buildings whose owners are unable or un-

willing to seek and maintain LEED status, and pro-

vide them with a green story for prospective

tenants.

Our goal is to unpack the component pieces of green

certifications, along with input from key market in-

terests to reflect individual attribute-level contribu-

tions to a new sustainability measure for the market.

The scores reflect tenant demand, current market

rental preferences, and owner input. The balance of

this paper covers the literature, data gathering and

models, and findings. Directions for future research

are also provided.

LITERATURE REVIEW

The literature on related real estate portfolio man-

agement and broad green real estate are described

here. A body of literature directly related to this ar-

ticle on building attribute level premiums is dis-

cussed in the background section.

Evans and Mueller (2016) study portfolios of office

property in the context of forecasting real estate cy-

cle risks. They find that office portfolio performance

in the market across cities did vary across market

risk cycles and holding periods. They propose a nu-

merical index to guide their conclusions and aid in

forecasting. Sun, Yang, and Zhao (2012) evaluate

five well-recognized commercial real estate indices.

They find that the indices are generally heteroge-

neous, are not closely linked, and did not necessarily
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track information in the same direction. Thus, they

find that most of these indices might not be very

useful to non-institutional commercial real estate

investors. In this context, our green building index

is designed to be useful to office property managers

at the building and portfolio manager levels, and for

both institutional and non-institutional properties.

Moving on to studies of the green office building

picture, at the broadest level, Sah, Miller, and Ghosh

(2013) examine whether green REITs, defined as

ENERGY STAR designated partners, display a value

premium. Their analysis of green designation at the

REIT level shows that green REITs have better re-

turns on investment and display superior stock per-

formance than their non-green counterparts. Their

ENERGY STAR partnership proxy variable provides

a tantalizing entrée into the green value paradigm,

but not below the level of the ENERGY STAR brand.

Likewise, Dermisi and McDonald (2011) evaluate

the effect of green (LEED and/or ENERGY STAR)

certifications on building prices and transaction fre-

quency in the Chicago office market. They find a

strong value for a green premium, but again, their

single-market research did not get below the des-

ignation level to the underlying individual features.

Finally, moving down to the specifics of green attri-

butes below the level of branded designation status,

Kelly, Adair, McGreal, and Roulac (2013) study 24-

hour cities and correlate it to commercial office

building performance. They find an association be-

tween office market walkability in 25 U.S. metro

areas and superior performance in office rents, oc-

cupancy, and rates of return to office buildings,

when compared to 9-to-5 type office environments.

Walkability and access to public transit represent

green features below the level of designation bun-

dles, and are part of our green office building index.

Green Office Building Premiums

The peer-reviewed literature generally finds that

green office buildings provide both financial and

non-financial benefits for tenants and/or owners

through several mechanisms, such as premiums on

property values and rents, lower operating costs,

higher occupancy rates, better occupant well-being

and productivity, and positive images of office build-

ings. Kok, Miller, and Morris (2012) find that LEED-

certified buildings have a 7.1% rental premium

compared to non-certified buildings. Additionally,

they show that buildings have a slightly higher

rental premium when they have both LEED and

ENERGY STAR certifications. This implies that these

certification systems complement each other.

Fuerst and McAllister (2011a, 2011b) indicate a

rental premium of 5% for LEED-certified buildings

and 4% for ENERGY STAR buildings. Furthermore,

they find a sale price premium of 25% for LEED-

certified buildings and 26% for ENERGY STAR-

certified buildings with higher levels of certification

providing a higher premium. Studies on the effect

of green certification on property values and rents

are also provided by Miller, Spivey, and Florance

(2008), Wiley, Benefield, and Johnson (2010), Pivo

and Fisher (2011), Dastrup et al. (2012), Eichholtz,

Kok, and Yonder (2012), and Eichholtz, Kok, and

Quigley (2013). Although these studies differ from

each other in terms of regions, time periods, and

methodologies, most provide empirical evidence

on the economic benefits of green building

certification.

In addition, Reichardt, Fuerst, Rottke, and Zietz

(2012) track a rental premium for both ENERGY

STAR and LEED-labeled buildings from 2000 to

2010. The findings indicate that a significant rental

premium for both voluntary green certified build-

ings has increased steadily from 2006 to 2008, fol-

lowed by a slight decline after 2008 due to the ‘‘great

recession.’’ In this context, our study focuses on the

effect of sustainable building attributes on rental

rates.

BACKGROUND

Our index is the agglomeration and synthesis of sev-

eral years of research effort. Beginning with funding

from the CBRE Real Green Research Challenge pro-

moting sustainable real estate research in 2013, a

number of interim steps have led to the develop-

ment of our index. The foundation of this index in-

cludes tenant demand, owner input, and market
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Exhibit 3 u Visualization of the Green Office Building
Project

Exhibit 2 u Summary of the Underlying Articles in the Peer-Reviewed Literature

Article Purpose in Index Citation

The Application of Mixed Methods:

Using a Crossover Analysis

Strategy for Product Development

in Real Estate

Provides theory-grounded ten-step framework for

product development.

Christensen, P., S. Robinson, and R. Simons. The

Application of Mixed Methods: Using a Crossover

Analysis Strategy for Product Development in

Real Estate. Journal of Real Estate Literature,

2016, 24:2, 429–51.

Green Office Buildings: A

Qualitative Exploration of Green

Office Building Attributes

Focus groups outlined in the paper were used to

identify important sustainability attributes and

design a willingness to pay survey.

Simons, R.A., S. Robinson, and E. Lee. Green

Office Buildings: A Qualitative Exploration of

Green Office Building Attributes. Journal of

Sustainable Real Estate, 2014, 6:2, 211–32.

Demand for Green Buildings:

Office Tenants’ Stated Willingness-

to-Pay for Green Features

Reports results for percentage increases in

willingness to pay for sustainable attributes.

Also reports the relative importance of attributes

as ranked by respondents.

Robinson, S., R. Simons, E. Lee, and A. Kern.

Demand for Green Buildings: Office Tenants’

Stated Willingness-to-Pay for Green Features.

Journal of Real Estate Research, 2016, 38:3,

423–52.

Which Green Office Building

Features Do Tenants Pay For—A

Study of Observed Rental Effects

Shows individual attribute premiums as

estimated from rent rolls of a national sample

of office buildings. Shows differences of those

premiums with and without labels such as

LEED or ENERGY STAR.

Robinson, S., R. Simons, and E. Lee. Which

Green Office Building Features Do Tenants Pay

For—A study of observed rental effects. Journal

of Real Estate Research, 2017, 39:4, 467–92.

Institutional Investor Motivation,

Process, and Expectations for

Sustainable Building Investment

Analyzes 351 interviews with Institutional

Owners regarding the need for a new index,

preferred form, and key factors for success.

Christensen, P., S. Robinson, and R. Simons.

Institutional Investor Motivation, Process, and

Expectations for Sustainable Building Investment.

Working Paper, 2017.

data all filtered through a ten-step product devel-

opment process. Exhibit 2 contains a summary of

the underlying articles. Exhibit 3 contains a graphic

of how they interact to support the current green

office building project.

The system for combining qualitative and quantita-

tive inputs for this index is outlined in a 10-step

mixed methods procedure (Christensen, Robinson,

and Simons (2016). This process merges those in-

puts to form a product development and construct

validation (PDCV) methodology. The 10-phase

process includes a 3608 feedback loop to incorporate

multiple stakeholder inputs to create a market-

driven product.2

The initial seven phases of that product develop-

ment model have been completed with portions dis-

cussed below. This paper represents parts of Phase

8: Validate Initial Product Design: Mixed Methods

Phase: Qualitative Dominant Crossover Analyses,

and Phase 9: Validate Revised Product Design:

Mixed Methods Phase: Quantitative Dominant

Crossover Analyses (Christensen, Robinson, and Si-

mons (2016).

After identifying market need, we conducted a se-

ries of national focus groups designed to under-

stand, from essentially a blank slate, tenant per-

spectives on green office building attributes

(Simons, Robinson, and Lee, 2014). Although each

focus group showed slightly different perspectives,

we identify 18 green office building attributes.

Using feedback from the focus groups, including pi-

lot testing of a national survey in the last focus
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Exhibit 4 u Distribution of Sample Buildings by Metro Area

Note: This figure shows the number of buildings from different metropolitan areas used in this analysis.

group, Robinson, Simons, Lee, and Kern (2016) an-

alyze the demand and willingness to pay for green

office building features among U.S. office tenants.3

Tenants in 21 major U.S. markets provided their

perspective on green buildings and their stated will-

ingness to pay for 18 individual green features. The

survey was conducted in 2014 and was extensively

tested for internal and external validity. Office ten-

ants show the highest willingness to pay for im-

proved indoor air quality and access to natural

light.4

Further, respondents detail the ordinal rank prefer-

ences of certain attributes over others with light and

air again topping the list.5 The ‘‘score’’ generated

from these ordinal ranks represents possible weight

out of 100%, where a variable ranked most impor-

tant by every respondent would be 100. The pref-

erence models described below use this measure.

Exhibit 4 includes a map of the buildings from

which the tenants were drawn.

Next, rent rolls were gathered on the same 197

buildings across 21 major U.S. markets. Robinson,

Simons, and Lee (2017) report on the marginal price

impact of the presence of 15 of the 18 green office

building features on office rents.6 They explain in

depth the measures to control for market differ-

ences, multicollinearity, and data validity. They first

show how each attribute contains a statistically sig-

nificant rent impact, with the exception of bike

racks.7 In multivariate testing, they show that the

addition of individual building features in concert

with LEED and ENERGY STAR labels significantly

reduces the parameter estimate of LEED and the

ENERGY STAR variable becomes statistically insig-

nificant.8 Seven of the green feature variables are

found to be consistently significant, including nat-

ural light, proximity to public transportation and

walkable activity, better indoor air quality, and

energy-efficient heating and cooling system. Almost

all the remaining attributes show some impact on

rent.9 Lipscomb, Mooney, and Kilpatrick (2013) sug-

gest that survey results yield similar estimates to re-

gression analysis and that hypothesis is born out in

our results.

Data gathered through nearly 40 in-depth inter-

views with institutional sustainability managers

adds professional context and helps define the im-

portance of the various inputs from building owners

(Christensen, Robinson, and Simons, 2017). The
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typical respondent was an institutional investor or

real estate portfolio manager that controlled be-

tween 20 and 100 U.S. office buildings. During the

preliminary interview phase, participants were told:

‘‘So far, we’ve run a series of national focus groups,

the results of which are published in the Journal of

Sustainable Real Estate, and recently we completed a

national 3,0001 tenant survey and analyzed the

rent rolls of 3001 buildings for sustainability fea-

tures. We’re taking all this information, along with

your input, and trying to form it into an index that’s

meaningful to industry. It’s like a FICO credit score,

only for office buildings. You could look at LEED-

designated office buildings as the prime borrowers

who have great credit, but there’s still a need to de-

termine the ‘‘credit’’ of the majority of office build-

ings, even if they’re not in that highest group.’’

During the individual interviews, respondents were

shown preliminary ordinal rankings of both WTP

and rent roll results, so they could provide valida-

tion and feedback. In addition, the preponderance

of respondents told us that they desired a transpar-

ent, third-party-verified system, preferably on a 1–

100 scale, rather than a tiered system like LEED.

After incorporating their feedback, we presented,

through a webinar attended by institutional owners

and related government and non-government en-

tities, several configurations of the index and ob-

tained feedback collectively. The final version of the

system incorporates their input.

STEPS IN BUILDING THE SCORING SYSTEM

The first analytical step imports feature weights

from tenant surveys and regression estimates from

rent rolls but no guidance was found for precise

mixing of the input. Thus, different weighting com-

binations (e.g., 75% tenant survey and 25% he-

donic or 50% and 50%, etc.) were considered. Base-

line models were created by importing survey

feature weights, those in percentage form, and raw

preferences (Robinson, Simons, Lee, and Kern,

2016) and rent roll weights (Robinson, Simons, and

Lee, 2017) and to properly calibrate among the 18

green features that reflect a consistent variable

configuration.

Over half the variables are dummies (presence or

absence of a feature, such as electric car charging,

LEED certification, and on-site fitness facility).

About half are categorical variables for features par-

tially present, such as the extent of natural light and

the type of water conservation. Where possible, all

variables are converted to dummy format.

To determine what tenants want, an online survey

of tenants was conducted in the summer of 2014.

The survey results represent important criteria but

respondents only provided a WTP when the green

feature was in their top 9 of 18 selections.10 To ac-

count for this, we developed the relative ordinal

rank of each feature’s preference using frequency

and rank, out of a possible 100. This weighted mea-

sure incorporates the attributes’ desirability, ranging

from a high of 67.8% for indoor air quality and

67.1% for access to natural light to lows of 2.4% for

electric car charging stations and 2.1% for a green

roof (Robinson, Simons, Lee, and Kern, 2016).

On the rent roll side, individual attribute variables

are calibrated with regression analysis of actual ten-

ant leases from 2014. The highest ranking hedonic

side weight is LEED designation, with 10.3%, while

at the bottom of the scale are energy-efficient light-

ing (0.5%) and bike racks, with zero impact. Here

as well, most attributes are converted to dummy

variables where possible. Some transformations,

such as the use of factor analysis, were used to iso-

late key components of an index; for example, the

access to services component of walkability was ex-

tracted in this manner (Robinson, Simons, and Lee,

2017).

Once all the inputs are set, the next step is to ex-

periment with different hedonic and survey weights

combinations. A total of 197 office buildings with

complete data are used. Various models are applied

to every building, and then all the models are com-

pared. Several models are tested, each one giving a

score for each building. In the first four models, we

combine data from all office buildings: (1) pure pref-

erence (based on ordinal ranking of attributes in

survey); (2) 50% survey and 50% hedonic; (3) 75%

survey and 25% hedonic; and (4) 75% survey and

25% hedonic weighted by preference. The first
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model generates building scores based on the ordi-

nal ranks from the survey using the ‘‘Score’’ column

show in the Appendix. In Models 2–4, we combine

the survey and hedonic weights in various combi-

nations with the fourth model incorporating the or-

dinal ranks as a weighting mechanism of the WTP

and rent roll premiums.

Future analyses could consider a number of sub-

group permutations, including: California vs. the

rest of country, LEED vs. non-LEED, and central

business districts vs. suburban (i.e., non-urban) ar-

eas. However, the results are limited with the data

set available for testing at this time. Given the find-

ing in Robinson, Simons, and Lee (2017) that LEED

certification signals a variety of features to the mar-

ket, and that the sample was constructed specifically

to control for green buildings, a LEED subgroup is

created. In the LEED separate models, we assume

that LEED-certified buildings signal ENERGY STAR

designation, bike racks, and recycling regardless of

their presence. Otherwise parallel to Models 1, 3,

and 4, the last three models aggregate the weights

and scores as described for LEED buildings: (1) pref-

erence based, LEED, and non-LEED buildings sep-

arately (5A and 5B); (2) LEED and non-LEED build-

ings separately, 75% survey/25% hedonic (6A and

6B); and (3) LEED and non-LEED buildings sepa-

rately, 75% survey/25% hedonic weighted by pref-

erence (7A and 7B).

Thus, seven models are analyzed, with the last three

separating out LEED-certified and non-LEED-

certified buildings.11 Each index generates model-

specific raw scores scaled on a 1–100 basis as a per-

centage of the maximum possible (Exhibit 5). After

this step, the highest building scores are usually in

the mid-to-upper 90s, with lows in the single digits,

although some models generated high scores only

in the 80s. For most model presentations, scores

lower than 30 are shown at that level (about 5% of

the buildings fall into this category). The floor pro-

vides for easier adoption of a portfolio without

‘‘blacklisting’’ a building.

RESULTS

Exhibit 6 illustrates the raw and scaled scores for a

representative sample (top, middle, and bottom 5

scoring buildings) for Model 3. The metropolitan

area in which a building is located is shown as a

broad identifier only to preserve confidentiality. The

next 15 rows are the weighted score for each fea-

ture. Typically, the number in each of these cells is

calculated as follows: (75% survey score 1 25% he-

donic score)*1 if the attribute is present (otherwise

multiplied by 0, resulting in a value of zero for that

feature). Some variables had a 3-part index (i.e.,

categorical) instead of a dummy variable. For ex-

ample, the first building is awarded 1.0 points for

the presence of ENERGY STAR. It is multiplied by

the weighted average of [(0.63*0.75) 1 (1.6*0.25)

5 0.87] from the ENERGY STAR row in Exhibit 3.

Any other building in that row is also awarded the

same 0.87 score, or zero if the feature is not there

like three of the five middle buildings. Similarly,

LEED scores increase the building score through the

certification’s presence but the points awarded to

each building scores are much higher because LEED

certification is more valued in the underlying data

(3.19 points if present, zero if not present). Moving

down one more row, clean air is worth 1.24 points

for the highest scoring building (the index has three

levels) with other scores of 0.83 or 0.41 points, de-

pending on how that building was scored. This gen-

eral pattern is completed for all buildings and all

other building features; it is repeated for all seven

models, although Models 4 and 7 have an additional

step in how the points for each cell are weighted.

The bottom three rows in Exhibit 6 are total scores

for each building, with the scaled 30–100 row rep-

resenting the building’s green office index score. The

third from the bottom is the raw total score for that

building, which is the sum of all the scores above it

in that column. For example, in the case of the

high-scoring building in the left-hand column (from

San Francisco), that raw score is 24.53, while the

scores of the building in Seattle in the 6th column

(13.56) and the last building in the right column

from Orlando (2.08) are at the middle and lower

end of the score ranges, respectively. Moving down

a row, the raw building scores are normalized on a

1–100 scale. Building #1’s 24.53 score translates to

a 93% normalized score for both the 1–100 and 30–

100 scales (because it is above the very bottom

group, which is below 30). Indeed, most buildings
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Exhibit 5 u Parameter Estimates

Green Building Feature Survey Rent Rolls Preference-based Weight

ENERGY STAR designation 0.63% 1.60% 2.89%

LEED designation 0.82% 10.30% 2.12%

Indoor air quality 1.29% 1.10% 16.84%

Walking access to services and restaurant 1.06% 3.80% 7.71%

Access to natural light in my work space 1.33% 7.10% 13.65%

Water conservation* 0.97% 9.00% 2.58%

Fitness facility on-site 0.98% 2.00% 5.27%

Shower on-site 0.78% 2.20% 1.97%

Bike racks at building 0.54% 0.00% 1.20%

Electric car charging station 0.41% 6.50% 0.49%

Recycling provided on-site 0.65% 2.20% 7.97%

Efficient electrical and gas use for heating /cooling* 1.09% 6.60% 8.89%

Energy efficient lighting* 1.03% 0.50% 8.14%

Public transportation nearby 1.06% 6.20% 6.71%

Lease structure 1.17% N/A 3.84%

Comfortable temperature control system 1.27% 1.13% 9.74%

Notes: This table shows the parameter estimates used as core inputs for the scoring system. The survey inputs are taken from Robinson, Simons,

Lee, and Kern (2016) and are percentage premiums respondents are willing to pay for those amenities. The rent roll inputs are taken from Robinson,

Simons and Lee (2017) and are revealed premiums based on hedonic analysis of rent rolls. The preference based weights are from Robinson, Simons,

Lee, and Kern (2016) and represent the ordinal rankings of these attributes by survey respondents.

(like the Seattle building’s 51%) have identical in-

dex scores for both indices for the same reason, but

a few (like the Orlando building) have a score so

low that it has been boosted from a 2.08 up to a

minimum of 30.12

Exhibit 7 presents the mean, median, and standard

deviations for all seven models, additionally show-

ing the split for top, middle, and bottom five scoring

buildings to illustrate the variety of outcomes. The

index scores shown are the normalized scores on a

30–100 scale, or the bottom row of Exhibit 4.

Once the scores are normalized, index means range

from a low of 51% (median of 46%) for Model 6

(survey 75%/hedonic 25%, LEED-certified build-

ings separate) to a high mean of 67% for the

preference-based index (Model 1, with a median of

69%). Standard deviations range from a low of 12

to a high of 16.

Overall, the models appear to have only modest var-

iation, indicating that the relative model scores may

not be that sensitive to how the underlying com-

ponents are weighted, and buildings, for the most

part, appear in the same ranked order. Model 7

demonstrates the characteristics most representative

of all the models, ranking most similar to the sample

mean, median, and standard deviation for all mod-

els. With the modest variation across buildings,

Model 7 would be the ‘‘preferred’’ model as it dem-

onstrates the most central tendencies. External pri-

vate sector validation may further nuance the

models.

In Exhibit 8, the buildings are ranked from a low

score to a high score based on the index. The flat

bottoms on the bottom left indicate that the lowest

score is an artificially inflated 30 out of 100, as al-

ready described above.

Overall, the models appear to track in a similar path,

indicating that selection of the mix of the under-

lying model components (i.e., combinations of

weights) may not be that influential on score rank-

ings, though there is no guarantee any specific
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Exhibit 6 u Sample Dataset: Top 5, Middle 5, and Bottom 5 Buildings by Score (Model 3)

Category Top 5 Buildings and Associated Metro Middle 5 Buildings and Associated Metro Bottom 5 Buildings and Associated Metro

Metro San Fran. Atlanta Minn. San Diego San Fran. Seattle Houston Chicago LA Dallas Chicago Chicago Minn. Chicago Orlando

ENERGY STAR 0.87 0.87 0.87 0.87 0.87 0.00 0.00 0.00 0.87 0.87 0.00 0.00 0.00 0.00 0.00

LEED 3.19 3.19 3.19 3.19 3.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Clean air 1.24 1.24 1.24 1.24 1.24 1.24 1.24 0.41 1.24 0.41 0.41 0.41 0.83 0.41 0.83

Walkability 1.75 1.03 1.47 1.62 0.51 1.66 1.43 0.52 0.66 1.31 0.54 0.33 0.10 0.70 0.63

Natural light 2.77 2.77 2.77 2.08 2.77 2.77 2.77 2.77 2.77 2.08 0.00 2.77 2.77 2.77 0.00

Water conservation 2.98 2.98 2.98 2.98 2.98 2.98 2.98 2.98 2.98 2.98 2.98 0.00 0.00 0.00 0.00

Fitness onsite 1.24 1.24 1.24 0.00 1.24 0.00 1.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Shower onsite 1.14 1.14 1.14 1.14 1.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Bike racks 0.41 0.41 0.41 0.41 0.41 0.00 0.41 0.41 0.41 0.41 0.00 0.00 0.00 0.41 0.00

Elec car stations 1.93 1.93 0.00 1.93 1.93 0.00 0.00 0.00 1.93 1.93 0.00 0.00 0.00 0.00 0.00

Recycle 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 0.00

HVAC efficiency 2.47 1.85 2.47 2.47 1.85 1.23 1.23 1.23 1.23 1.23 0.62 1.23 1.23 0.62 0.62

Electric efficiency 0.30 0.90 0.60 0.90 0.90 0.30 0.30 0.90 0.30 0.30 0.60 0.30 0.00 0.60 0.00

Transit 2.35 2.35 2.35 2.35 0.00 2.35 0.00 2.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NNN 0.88 0.00 0.88 0.00 0.00 0.00 0.88 0.88 0.00 0.88 0.88 0.88 0.88 0.00 0.00

Comfortable temp 0.00 1.23 0.00 0.00 1.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total score 24.53 24.16 22.62 22.20 21.29 13.56 13.51 13.48 13.43 13.43 7.06 6.96 6.86 6.54 2.08

Index 0–100 93 92 86 84 81 51 51 51 51 51 27 26 26 25 8

Index 30–100 93 92 86 84 81 51 51 51 51 51 30 30 30 30 30

Notes: This table shows the raw scores generated from a model incorporating 75% survey and 25% hedonic (rent roll) estimates for the top, middle, and bottom five buildings. Raw scores

are then normalized into a 1–100 score based on the maximum possible raw score. The index 30–10 is identical except that all building below 30 would be given a 30 score to avoid

‘‘blacklisting’’ a building.
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9 Exhibit 7 u Building Scores from all 7 Models: Top 5, Middle 5, and Bottom 5 Buildings Only

Preference

Based D501S50 D751S25

D751S25

Weighted

Preference-

Based LEED

Separate

D751S25

LEED Separate

D751S25

Weighted LEED

Separate

Category Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

Building Mean

Score

Building Std.

Dev.

Top 5 93 95 93 90 86 94 91 92 3.04

93 93 92 91 94 93 93 93 0.95

96 86 86 90 88 87 91 89 3.58

85 88 84 81 80 86 84 84 2.77

84 82 81 80 88 83 83 83 2.58

Middle 5 67 53 51 69 50 46 59 56 8.83

71 49 51 65 54 46 55 56 8.99

65 50 51 61 50 46 52 54 6.80

64 52 51 58 48 46 49 53 6.32

51 51 51 49 38 46 41 47 5.31

Bottom 5 33 30 30 30 30 30 30 30 1.13

46 30 30 43 35 30 36 36 6.55

50 30 30 45 38 30 38 37 7.97

44 30 30 41 33 30 35 35 5.71

30 30 30 30 30 30 30 30 0.00

Sample mean 67 53 54 63 57 51 57 57

Sample median 69 50 51 64 54 46 55 56

Sample std. dev. 12 15 14 12 14 16 14 14

Notes: This table shows the normalized scores for each of the different model configurations for the top, middle, and bottom five buildings (based on Model 3). The building mean standard

deviation on the right hand column is calculated for the representative buildings shown. On the bottom of the exhibit, the mean, median and standard deviation for the entire 197 building

sample for each model configuration is shown.
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Exhibit 8 u Normalized Graphs of Each Index

Notes: This figure shows the normalized buildings scores for each model configuration from lowest to highest. On the
x-axis, the buildings are ordered from lowest to highest. The y-axis represents normalized building score.

building would not be moving up or down in any

particular index. With the exception of the

preference-based LEED separate model (#7), which

exhibits a noticeable discontinuity when non-LEED-

certified buildings give way to LEED-certified struc-

tures around observation 140 (middle right of the

line graph), the models track mostly parallel. This

implies that value may be added by modeling

LEED-certified and non-LEED-certified buildings

separately.

Contribution of Individual Green Variables

to Each Index Score

Another aspect of the reasonableness of index out-

comes involves examination of the relative impor-

tance or weights of each of the green features. In

other words, how much does each attribute contrib-

ute, in percentage terms, to the overall score? Ex-

hibit 9 shows these percentage contributions for

each of the seven models. Indices 5–7 (LEED-

certified and non-LEED certified buildings) have

been broken out into two separate parts (A and B).

In Exhibit 9, the sum of each column totals to

100%. Some variables have no weight or little

weight. The most impactful green features across all

models are natural light, LEED certification, fol-

lowed by superior indoor air quality. A very good

HVAC system and water conservation are also rela-

tively impactful. LEED certification impacts on the

score are most highly felt in the subset of models

with LEED-only buildings. In the absence of LEED

certification, other green features, notably natural

light, superior indoor air quality, comfortable tem-

perature control, relatively efficient HVAC, and close

proximity to mass transit rise in importance. Some

variables like electric car charging stations, fitness

facility, lease structure, efficient lighting, and bike
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Exhibit 9 u Contribution of Green Factors to Overall Index Score

Index 1 Index 2 Index 3 Index 4 Index 5—A and B Index 6—A and B Index 7—A and B

Preference

Based D501S50 D751S25

D751S25

Weighted

Preference

Based

LEED

Only

Preference

Based

Non-LEED

Only

D751S25

LEED Only

D751S25

Non-LEED

Only

D751S25

LEED

Only

Weighted

D751S25

Non-LEED

Only

Weighted

ENERGY STAR designation 2.9% 3.0% 3.3% 1.5% 0.0% 3.1% 0.0% 3.8% 0.0% 3.1%

LEED designation 2.1% 14.8%a 12.1% 4.0% 28.4%b 2.3% 29.8%b 0.0% 24.4%b 2.3%

Indoor air quality 16.8%a 3.2% 4.7% 12.5%a 15.4%a 18.2%a 4.2% 5.4% 10.5%a 18.2%a

Walking access to services

and restaurant

7.7% 6.5% 6.6% 8.0% 0.1% 0.1% 5.9% 7.5% 6.8% 0.1%

Access to natural light in

my work space

13.6%a 11.2%a 10.5% 22.5%b 12.5%a 14.8%a 9.4% 12.0%a 19.1%a 14.8%a

Water conservation* 2.6% 13.2%a 11.3% 4.6% 2.4% 2.8% 10.1%a 12.8%a 3.9% 2.8%

Fitness facility on-site 5.3% 4.0% 4.7% 3.9% 4.8% 5.7% 4.2% 5.3% 3.3% 5.7%

Shower on-site 2.0% 4.0% 4.3% 1.3% 1.8% 2.1% 3.4% 4.9% 1.1% 2.1%

Bike racks at building 1.2% 0.7% 1.5% 0.3% 0.0% 1.3% 0.0% 1.7% 0.0% 1.3%

Electric car charging station 0.5% 9.2% 7.3% 0.6% 0.4% 0.5% 6.5% 8.3% 0.5% 0.5%

Recycling provided on-site 8.0% 3.8% 3.9% 4.9% 0.0% 8.6% 0.0% 4.5% 0.0% 8.6%

Efficient electrical and gas

use for heating /cooling

8.9% 10.2%a 9.4% 13.1%a 8.1% 9.6% 8.4% 10.6%a 11.1%a 9.6%

Energy-efficient lighting 8.1% 2.0% 3.4% 4.3% 7.4% 8.8% 3.0% 3.9% 3.7% 8.8%

Public transportation nearby 6.7% 9.6% 8.9% 9.4% 6.1% 7.3% 7.9% 10.1%a 7.9% 7.3%

Lease structure 3.8% 1.6% 3.3% 2.0% 3.5% 4.2% 3.0% 3.8% 1.7% 4.2%

Comfortable temperature

control system

9.7% 3.2% 4.7% 7.2% 8.9% 10.5%a 4.2% 5.3% 6.1% 10.5%a

Notes: This table shows how much each attribute contributes, in percentage terms, to the overall maximum possible score a building could generate.
a Greater than 10% contribution.
b Greater than 20% contribution.
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Exhibit 10 u Top 5 and Bottom 5 Buildings’ Green Attributes

Notes: This figure shows the mean presence, in percentage terms (the y-axis), of each attribute for the top and bottom 20 buildings by score
respectively. The scores used to assign buildings to the top or bottom quintiles are based on Model 4, using 75% survey and 25% hedonic (rent
roll) and weighted by preference.

racks never seem to have much impact on the green

office building score.

To further understand the difference in green attri-

butes between high-scored and low-scored build-

ings, Exhibit 10 presents the average percentage of

each attribute between the top 20 and bottom 20

buildings, based on the building index from Model

4, which has a relatively modest variation among

the seven models.

In addition to the visual appearance of differences

and likeness, a ratio of the relative difference of each

green feature between the top and bottom perform-

ing buildings can be estimated. In simple terms, a

high ratio of the bottom 20 percentage to the top 20

percentage indicates similarity between the bottom

and top performing buildings and a low ratio indi-

cates differences. The highest likenesses between

the top and bottom 20 buildings are indoor air qual-

ity, recycling on-site, and efficient HVAC. The largest

differences are LEED certification, fitness facility on-

site, public transit nearby, and comfortable temper-

ature control.

LEED and Non-LEED Buildings

Exhibit 11 presents the building score between

LEED-certified and non-LEED-certified buildings,

modeled separately. The data set includes 58 LEED-

certified buildings. Three model configurations

(with different weights of survey and hedonic fac-

tors) are shown. As expected, LEED-certified build-

ings generally score highly on all three models. The

tail going down on the right (in all 3 models) is

likely comprised of LEED-certified buildings lacking

some key features.

There are 139 non-LEED-certified buildings in this

data set segment. Non-LEED-certified buildings

have scores greater than or equal to the minimum

score of the lowest scoring LEED-certified building.

Depending which model is applied (5–7, respec-

tively), about 20%, 15%, and 42% of the non-
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Exhibit 11 u Comparison between LEED-Certified and
Non-LEED-Certified Building Index (Models 5, 6, and 7)

Notes: These figures show the LEED certified and non-LEED certified for
the three models (Model 5 (Preference-based LEED Separate), Model 6
(survey 75%1 hedonic 25%, LEED Separate), and Model 7 (survey
75%1 hedonic 25%, weighted, LEED Separate)) that differentiate be-
tween LEED-certified and non-LEED-certified buildings.

LEED-certified buildings fall into this category.

These buildings could clearly benefit from being able

to signal (to tenants and portfolio managers) that

they are already in fact, green. These top-scoring

non-LEED-certified buildings likely have ENERGY

STAR certification. The bottom-scoring non-LEED-

certified buildings likely are not proximate to fixed

rail public transit, do not have ENERGY STAR cer-

tification, and also lack a fitness facility (as per Ex-

hibit 8), and potentially have below average air

quality and low access to natural light.

CONCLUSIONS AND FUTURE RESEARCH

In this paper, we report on the development and

preliminary implementation of a new green office

building rating index. Using data drawn from tenant

surveys for individual green office buildings features

and hedonic analysis of rent rolls, we present a

tenant-driven green scoring index for U.S. office

buildings. The form and construction of the index

consider qualitative input from institutional real es-

tate industry leaders. The results show that a variety

of proposed models, including some that separate

out LEED-certified and non-LEED-certified build-

ings, are plausible and capture market inputs. A rea-

sonable model, Model 7 above, shows that about

40% of non-LEED-certified buildings score higher

on this scoring system than lowest-scoring LEED-

certified building.

Depending on which model is applied (5–7, respec-

tively), about 20%, 15%, and 42% of the non-

LEED-certified buildings have a score greater than

or equal to the minimum score of LEED-certified

buildings. These high-scoring non-LEED-certified

office buildings could clearly benefit from being able

to advertise (to tenants and portfolio managers) that

they are already in fact green. In other words, this

analysis reveals that a substantial number of non-

certified buildings lack an effective market signal for

their sustainability. It provides a rationale for devel-

oping a new green building index that can be

applied to any office building, not just high-

performance buildings.

Substantial practical implications of this index for

building managers, leasing agents, and portfolio

managers exist. Since the score reflects a mix of

stated tenant WTP and hedonically generated higher

rents, property agents could use this index as part

of lease negotiation as a tool in obtaining higher



A Market-Driven Green Office Building Index

Journal of Real Estate Portfolio Management u 91

rents from prospective tenants. Buildings unwilling

or unable to obtain expensive certifications may sig-

nal sustainability measures to the market through

this index. An office building’s green score may also

affect its sales price, and thus be a factor in acqui-

sition strategies for portfolio managers.

The national model presented here shows a suitable

starting point. Future research could include iden-

tifying meaningful subgroups, for example, regional

comparisons or CBD versus outlying markets. Re-

gional variations in the model’s parameters would

be expected to vary, so additional data would help

in focusing regional differences more sharply. Ad-

ditional variables related to employee productivity,

occupant wellness, and other architectural elements

could also be incorporated. While this represents

current market preferences, any system requires up-

dated data to demonstrate time trends and keep the

model in tune with evolving market conditions.



Robert Simons, Spenser Robinson, and Eunkyu Lee

92 u Vol. 25, Issue 1, 2019

APPENDIX

Exhibit A1 u PDCV Process

Christensen,

Robinson, Simons:

PDCV Process Summary of PDCV Framework Phases Application in Green Building Index Example

Phase 1:

Identify Market Need &

Develop Common

Language

Through literature review and industry analysis to identify

market need for proposed product (e.g., green index).

Ensure commonality of language and uniform definition

of terms among researchers, key informants and market

participants.

Identified market need for sustainable practice recognition

for commercial buildings unable /unwilling to qualify for

LEED and with attributes beyond those recognized in

ENERGY STAR. Developed common language through

interviews with tenants, brokers, property managers and

sustainability experts.

Phase 2:

Solicit Key Customer

Input

Through focus groups gain qualitative insight and

quantitative data. Use to develop terminology for survey

and identify primary attributes or foci of the market need

to be studied.

Focus groups developed common lexicon of sustainable

real estate terms for survey and identified 18 key

building attributes for investigation in the survey.

Phase 3:

Design Initial

Quantitative Feedback

Instrument

Using information from initial phases, design initial

stakeholder feedback instrument (e.g., survey) with

careful attention to terminology. Include some open-

ended items to provide qualitative feedback on the

instrument.

Designed initial quantitative feedback survey and

included roll-over term identification ability to ensure all

participants are using the same understanding of

terminology.

Phase 4:

Pilot Test Initial

Feedback Instrument

Pilot test the feedback instrument with expert respondent

group to test for content- and construct-validity.

Additional data may also be gathered (e.g., focus group)

to gain qualitative feedback to enhance instrument

development. Small sample size.

Piloted survey instrument with 15 tenant users and

solicited qualitative feedback on the survey instrument

via a focus group session the following day.

Phase 5:

Design and Field Test

Revised Survey

Having received quantitative and qualitative data on

initial feedback instrument, revise feedback instrument

according to feedback. Sample size should be large

enough to conduct statistically valid analysis of results

using appropriate econometric tools. Qualitative feedback

should be used to ensure construct and content validity.

Survey Instrument was revised based on feedback in

Phase 4 and subsequently sent to a larger sample

(3,000 participants) to enable statistically valid analysis

of quantitative data. Qualitative feedback was used to

ensure construct- and content-validity and enhance the

development of the market driven product.

Phase 6 Part 1:

Validate Feedback:

Quantitative Analysis

Phase

Phase 6 Part 2:

Collect additional data

to demonstrate

market-relevance of

product

Analysis of quantitative data to assess content-related,

criterion-related and construct-related validity.

Appropriate econometric tools should be used to analyze

survey responses.

Where possible, collect additional external data to

demonstrate face-validity (i.e., market preference) and

conduct relevant econometric analysis of data.

Using regression modelling, analyzed survey responses

for willingness to pay, ordinal ranking of key sustainable

attributes (identified in earlier phases), and demographic

data.

To ensure the validity of survey results, attribute level

data on each building was collected through the building

managers. Additionally, rent roll data for nearly 3,000

tenants was gathered to determine revealed market

preference for comparison with willing-to-pay results

identified in the survey.

Phase 7 Part 1:

Validate Feedback:

Qualitative Analysis

Phase

Phase 7 Part 2:

Collect additional data

to demonstrate

market-relevance of

product.

Analysis of qualitative data to address one or more of

Greene et al.’s (1989) purposes for mixing methods.

Where possible, incorporate additional input from key

stakeholders who may adopt the product. This may be

optimally done through a series of individual interviews.

Interviews with senior sustainability executives and

property managers from large opportunity funds, pension

funds, REITs and other institutional investors were

conducted for Greene et al.’s (1989) purposes of

initiation and triangulation to increase construct-validity

and enhance understanding market needs related to

product development.

Phase 8: Validate

Initial Product Design:

Mixed Methods Phase:

Qualitative Dominant

Cross-over Analyses

Conduct one of crossover analysis strategies to further

address Greene at al. (1989). In a mixed method

sequential design, this phase may also involve collection

of additional qualitative data which should be integrated

with previous data. Analysis should represent an

integrated data reduction process. Goal at this phase is

to identify product design and market relevance.

Solicited feedback from potential adopters. Webinar

demonstrated initial product design development to key

informants from Phase 6: Part 2. Webinar was followed

immediately by focus groups discussions to receive

feedback on product development and ensure market

relevance of the product (addressing Greene et al.’s

(1989) expansion).
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Exhibit A1 (continued) u PDCV Process

Christensen,

Robinson, Simons:

PDCV Process Summary of PDCV Framework Phases Application in Green Building Index Example

Phase 9: Validate

Revised Product

Design: Mixed

Methods Phase:

Quantitative Dominant

Cross-over Analyses

Builds on previous phase but emphasis is on

quantitative–dominant crossover analyses. In a mixed

method sequential design, this phase may also involve

collection of additional quantitative data which should be

integrated with previous data as part of integrated data

reduction process. Goal at this phase is to further

validate product design and market relevance.

Survey of webinar / focus group participants to validate

qualitative data. Feedback from potential adopters

incorporated to appropriately weight the sustainable

attributes included in the green index (addressing Greene

et al’s development).

Phase 10:

Pilot Launch of

Product and Evaluation

of the Market-Driven

Product Development

Process and Product.

Analysis of product using findings in phases 6–9 used to

further refine product. Evaluate product via launch of a

pilot program to assess key benefits and weaknesses of

the product through industry launch. Based on

evaluation data, product developer may need to return to

earlier phases—like the IDCV process, the PDCV

framework is also an iterative, cyclical process.

Launch pilot with selected potential adopters, gain

feedback to further improve product for broader launch.

Return to earlier phases for additional product

development as necessary.

Notes: This table is modified and reproduced from Christensen, Robinson, and Simons (2016) and was listed as Exhibit 1 in that publication. It

outlines the 10 Stages of Market-Driven Product Development and Construct Validation (PDCV).

Exhibit A2 u Willingness-to-Pay for Green Building Features (N 5 708)

Overall Sample Leadership Subsample

(A) (B) (A) (B)

Building Attribute

Willingness

to Pay (%)

% of

Respondents

($ 2% of WTP)

Willingness

to Pay (%)

% of

Respondents

($ 2% of WTP)

Access to natural light in my work space 1.33% 243 (34%) 1.64%b 55 (42%)

Indoor air quality 1.29% 250 (35%) 1.30% 43 (33%)

Comfortable temperature control system 1.27% 187 (26%) 1.47% 43 (33%)

Lease structure 1.17% 111 (16%) 1.21% 20 (15%)

Efficient electrical and gas use for heating /cooling a 1.09% 175 (25%) 1.00% 31 (24%)

Walking access to services and restaurant 1.06% 158 (22%) 1.15% 31 (24%)

Public transportation nearby 1.06% 140 (20%) 1.08% 30 (23%)

Energy-efficient lighting a 1.03% 179 (25%) 1.06% 28 (22%)

Fitness facility on-site 0.98% 107 (15%) 1.08% 21 (16%)

Water conservationa 0.97% 79 (11%) 1.17% 12 (9%)

LEED Designation 0.82% 47 (7%) 0.74% 7 (5%)

Shower on-site 0.78% 40 (6%) 0.94% 7 (5%)

Green roof 0.70% 11 (2%) 0.71% 2 (2%)

Recycling provided on-site 0.65% 110 (16%) 0.51% 14 (11%)

ENERGY STAR designation 0.63% 53 (7%) 0.55% 5 (4%)

Bike racks at building 0.54% 18 (3%) 0.68% 4 (3%)

Green cleaning products used on-site 0.42% 28 (4%) 0.53% 5 (4%)

Electric car charging station 0.41% 10 (1%) 0.83% 4 (3%)

Notes: This table is reproduced from Robinson, Simons, Lee, and Kern (2016) and was Exhibit 6 in that publication. It reports WTP results from a

national sample with a 28% response rate. Column (A) indicates the weighted average of stated WTP for each green building feature. Column (B)

indicates the number of respondents who have greater than or equal to 2% of stated WTP for each feature (% in total respondents, 708)
a The assumption of 2% annual building operation savings is provided for ‘‘Efficient electricity and gas use for heating and cooling,’’ ‘‘energy-efficient

lighting,’’ and ‘‘water conservation’’ questions, based on the tenant’s lease structure.
b Statistically significant difference between all sample and leadership sub-sample group. Comparing stated willingness to pay between all sample and

leadership sub-sample group, only one attribute is statistically different. This result supports the internal validity of the current survey data set.
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Exhibit A3 u Stated Demand for 18 Green Building Features

Building Feature N a % Total (N 5 708) Score b

Indoor air quality 659 93% 67.8

Access to natural light 627 89% 67.1

Recycling provided on-site 583 82% 39.2

Energy-efficient lighting 542 77% 40.0

Efficient electrical and gas use for heating and cooling 540 76% 43.7

Walking access to services and restaurant 526 74% 37.9

Comfortable temperature control system 518 73% 47.9

Public transportation nearby 425 60% 33.0

Fitness facility on-site 387 55% 25.9

Lease structure 304 43% 18.9

Green cleaning products 277 39% 15.0

Water conservation 274 39% 12.7

ENERGY STAR designation 254 36% 14.2

LEED Designation 211 30% 10.4

Shower on-site 181 26% 9.7

Bike racks at building 111 16% 5.9

Electric car charging station 54 8% 2.4

Green roof 53 7% 2.1

Notes: This table is reproduced from Robinson, Simons, Lee, and Kern (2016) and was Exhibit 4 in that publication. It reports ordinal rank results

of top sustainable office building attributes from a national sample with a 28% response rate.
a Respondents are asked to rank their top nine attributes, but some ranked 10 or more, this N includes those values.
b Score represents possible weighted ranking out 100. A variable that is ranked #1 by all respondents would be 100. This then measures both if it

was ranked and the level of ranking.
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Exhibit A4 u Selected Results from 16 Semi-univariate Regressions

Variable Model Parameter Estimates T-stats AIC N

ESTAR a 0.065*** 2.61 227 1,042

LEED 0.136*** 8.18 489 1,772

Access to services /CBD 0.051*** 5.06 660 1,772

Access to transit 0.084*** 3.49 542 1,772

Bike rack 20.025 21.13 555 1,768

Clean air 0.045*** 3.15 547 1,768

Electric car charging stations 0.033* 1.8 554 1,768

Electricity efficiency 0.020** 2.02 554 1,768

Fitness onsite 0.081*** 5.07 532 1,768

HVAC relative 0.094*** 8.88 481 1,768

Access to natural light 0.075*** 4.58 536 1,768

Recycle onsite 0.089*** 2.73 548 1,768

Shower onsite 0.087*** 5.52 527 1,768

Temp control dummy b 0.055** 2.21 219 1,083

Water conservation 0.134*** 5.12 530 1,768

Controls in Each Model

Lnsf X

lnbldg sf X

Lease Term X

CBD X

Freeway Access X

Lnage X

lnage2 X

Floors X

Renovated Lobby X

AnnualOccupancyRate X

Retail X

Tenant Floor Level X

CBSA Random Effects X

Notes: This table is reproduced from Robinson, Simons, and Lee (2017) entitled Selected Results from 16 Semi-univariate Regressions and was

Exhibit 6 in that publication. Each attribute is regressed in a semi-univariate model with a dependent variable of lnrent, including appropriate random

effects for CBSA, building and fixed effects for lease level differences listed at the bottom of the table, but regressed without the other green building

attributes. This allows for assessment of the individual sustainable characteristics but with appropriate controls still in place.
a Compared only to non-LEED buildings.
b Note the limited N due to non-response for this variable.

*Statistically significant at the 90% level.

**Statistically significant at the 95% level.

***Statistically significant at the 99% level.
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Exhibit A5 u Multivariate Mixed Effect Regressions

Variable Model 1 Model 2 Model 3

ENERGY STAR 0.039* 20.023

LEED 0.182*** 0.092***

Access to services /CBD 0.040*** 0.034***

Access to transit 0.072*** 0.055***

Bike rack 20.074*** 20.076***

Clean air 0.004 0.000

Electric car charging stations 0.082*** 0.075***

Electricity efficiency 20.004 20.006

Fitness onsite 0.020 0.011

HVAC relative 0.065*** 0.057***

Access to natural light 0.048*** 0.070***

Recycle onsite 0.099*** 0.054

Shower onsite 20.014 20.025

Water conservation 0.096*** 0.075***

Intercept 4.564*** 3.457*** 3.940***

lnbldg sf 20.133*** 20.056*** 20.096***

Lnsf 0.002 0.005 0.003

Freeway Access 0.085*** 0.063***

Lease Term 20.001 20.001 20.001

Tenant Floor Level 0.000 0.001 0.001*

Renovated Lobby 0.047** 0.057*** 0.058***

Retail 0.123*** 0.124*** 0.117***

Annual Occupancy Rate 0.003*** 0.003*** 0.003***

Floors 0.008*** 0.002*** 0.004***

Lnage 0.054** 20.060 20.006

Lnage`2 20.017 0.006 20.0002

CBSA Random Effects Included Included Included

AIC 524 480 449

BIC 494 428 393

Model N 1,845 1,841 1,841

Notes: This table is reproduced from Robinson, Simons, and Lee (2017) entitled Multivariate Mixed Effect Regressions and was Exhibit 7 in that

publication. Each model is multivariate regression with a dependent variable of the natural log of rent, including appropriate random effects for CBSA,

building and fixed effects for lease level differences shown in the table. The first model shows results including ENERGY STAR and LEED labels

similar to extant literature. The second model shows building level attributes without the labels. The third model includes both the labels and the

attributes.

*Statistically significant at the 90% level.

**Statistically significant at the 95% level.

***Statistically significant at the 99% level.
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Exhibit A6 u Rank Order of Relative Effects on Lease Values

Green Building Feature

Semi-

Univariate

Multivariate

(Model 3)

Weighted

Premium

Overall

Rank

LEED designation 0.136*** 0.092*** 0.103 1

Water conservation 0.134*** 0.075*** 0.090 2

Access to natural light in work space 0.075*** 0.070*** 0.071 3

Efficient electrical and gas use for heating /cooling a 0.094*** 0.057*** 0.066 4

Electric car charging station 0.033* 0.075*** 0.065 5

Public transportation nearby 0.084*** 0.055*** 0.062 6

Walking access to services /CBD 0.051*** 0.034*** 0.038 7

Recycling provided on-site 0.089*** 0.054 0.022 8

Shower on-site 0.087*** 20.025 0.022 9

Fitness facility on-site 0.081*** 0.011 0.020 10

ENERGY STAR designation 0.065*** 20.023 0.016 11

Localized temperature control 0.055** n /a 0.014 12

Clean air 0.045*** 0.000 0.011 13

Energy-efficient lighting 0.020** 20.006 0.005 14

Bike racks at building 20.025 20.076*** 0.000 15

Lease structurea

Notes: This table is reproduced from Robinson, Simons, and Lee (2017) entitled Rank Order of Relative Effects on Lease Values and was Exhibit 8

in that publication. This table creates a weighted premium based on the semi-univariate results from Exhibit A4 and the multivariate results from

Exhibit A5. Parameter estimates are weighted 25% from Exhibit A4 and 75% from Exhibit A5. Statistically insignificant and negative variables are

considered zero value for the weighted premium. The first set of items are those with statistically significant estimation in both Exhibits A4 and A5,

the second set are items significant in one, and the last item is not significantly positive. Within each category, the results are ordered by magnitude.
a Efficient HVAC may be in part measuring the effect of lease structure as triple net tenants may desire more efficient systems.

*Statistically significant at the 90% level.

**Statistically significant at the 95% level.

***Statistically significant at the 99% level.

ENDNOTES

1. Real Green Research Challenge by CBRE, Inc. 2013–2017.

2. The table detailing this information is reproduced from

Christensen et al. (2016) as Appendix 1.

3. The online survey was conducted from a sample of 3,015

office tenants in CBRE managed buildings during the sum-

mer and fall of 2014, with 708 usable responses (a 23% re-

sponse rate). The survey results are representative of tenant

lease decision makers in an institutionally managed portfo-

lio. See pages 426–430 of the source article for more details.

The main results are the willingness-to-pay analysis where

respondents were asked to value the impact on rent of the

presence or absence of a green feature, as a percentage of

their base rent and lease type (e.g., full service gross, NNN).

Extensive internal and external validity tests were

performed.

4. The table detailing this information is reproduced from Rob-

inson, Simons, Lee, and Kern (2016) as Appendix Exhibit 2.

5. The table detailing this information is reproduced from Rob-

inson, Simons, Lee, and Kern (2016) as Appendix Exhibit 3.

6. The propriety hand-gathered data set of 3,015 leases col-

lected in 2014, including building manager surveys for pres-

ence of green attributes, was abstracted, and about 2,250

were suitable for regression analysis. To control for location,

CBSA dummies were applied in a mixed effects model. Ad-

ditional controls including building and metro factors.

7. The table detailing this information is reproduced from

Robinson, Simons, and Lee (2017) as Exhibit A4 in the

Appendix.

8. The table detailing this information is reproduced from

Robinson, Simons, and Lee (2017) as Exhibit A5 in the

Appendix.

9. The table detailing this information is reproduced from

Robinson, Simons, and Lee (2017) as Exhibit A6 in the

Appendix.

10. This was an artifact of the research design to avoid respon-

dent fatigue.

11. These seven models examine the breadth of reasonable com-

binations and sensitivity to weighting of model inputs. We

acknowledge that there are other combinations of factor in-

puts that could also be suitable for analysis.

12. The reason the index has been capped on the bottom end at

30 is so that no building has a score so low it discourages

portfolio managers from participating because of one poor

building.
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