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Is There a Business Case for Green/Healthy Buildings?

Refurbishment/Acquisition

Cost

Benefit Tenancy Operation

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑇𝑇

Design/Construction

0 ~ 12.5%
Higher Upfront cost ∆𝐶𝐶

0 ~ 43%
Higher Sale
Price ∆𝑉𝑉

Sale

Higher Rent ∆𝑅𝑅

Tenancy Operation

Lower Operation
costs ∆𝑂𝑂2

Less hospital stays
Learn faster
Higher  
Productivity/Health/
WB ∆𝐻𝐻

Tenancy Operation

Aggregate 
operating cost 
-14~26%
Lower Operation costs
∆𝑂𝑂1

Rental 0 ~ 17%
Occupancy 0~23%
Higher Effective Rent ∆𝑅𝑅

Resale ~10%
Lower depreciation
∆𝑉𝑉𝑉

Lower discount rate i (cost of capital)

Higher
Purchaing 
Price ∆𝑉𝑉

0 ~ 43%

OwnersDevelopers

Tenants
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Rental Premium of Green Building

Dalton and Fuerst (2018):  
meta analysis of green real 
estate rents

Overall significant rent 
premium of 6%
• 5.4% commercial
• 8.2% residential

Studies also find 5% - 9% 
higher occupancy rates for 
commercial real estate. 

© Informa UK Ltd. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Price Premiums of Green Building

Dalton and Fuerst (2018) also 
look at evidence sales prices

Overall price premium of 7.6%

• For commercial 11.5%

• For residential 5.5%

© Informa UK Ltd. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Outline

• Estimating Green Building Premium: Hedonic PricingTechniques

• Pricing Green Amenities in Cities

• Within-city

• Across-city

• Decision Making: Business & Policy
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Hedonic PricingTechnique

• Stated preference and revealed preference
• Stated preference: using survey techniques to elicit 

willingness to pay for a marginal improvement or for 
avoiding a marginal loss.

• Revealed Preference: linking with observed purchase
behaviors with the attributes of a product.

• Hedonic pricing model is a revealed 
preference method of estimating demand or 
value of market and non-market attributes. 

Stated preference:
https://www.youtube.com/watch?v=__xzmIG4L8s

© Conservation Strategy Fund. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Hedonic Model - “Decomposition” 

• The price of a housing unit as the sum of the implicit values of its various “attributes”. 

P    =     3 Rooms  +  2 Subway Stops + LEED + A Nice Park + Residual

$ 1M =   $0.6M    +     $0.1M + $0.1M +    $0.1M + $0.1M

$ 1M   = $0.2M × 3 +  $0.05M × 2 + $0.1M × 1 + $0.1M × 1    +    $0.1M 

P =  𝛼𝛼1 × 𝑋𝑋1 +     𝛼𝛼2 × 𝑋𝑋2 +    𝛼𝛼3 × 𝑋𝑋3 + 𝛼𝛼4 × 𝑋𝑋4 +     𝜀𝜀

Input

Output

(R2= 83%)7



Example

Log(Price) = 0.05 living rooms
(the number of living rooms)

+ 0.03 bathrooms
(the number of bathrooms)

+ 0.08 subway
(dummy: within 1-mile subway buffer)

+ 0.05 green park
(dummy: within 1-mile park buffer)

+ …

Quantity of an
attribute

Implicit price of an
attribute (%)

𝑃𝑃𝑦𝑦𝑃𝑃𝑃𝑃𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 is the house price per square meter of housing 𝑃𝑃 in location 𝑗𝑗 at time 𝑡𝑡; 
𝑿𝑿𝟏𝟏𝟏𝟏 represents the physical attributes of the house 𝑃𝑃; 
𝑿𝑿𝟐𝟐𝟐𝟐 represents location 𝑗𝑗’s locational attributes.

Log(𝑃𝑃𝑦𝑦𝑃𝑃𝑃𝑃𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖) = 𝑿𝑿𝟏𝟏𝟏𝟏𝜷𝜷𝟏𝟏 + 𝑿𝑿𝟐𝟐𝟐𝟐𝜷𝜷𝟐𝟐 + 𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖

Hedonic Model - “Decomposition” 
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Estimate Green Building Premium

𝐿𝐿𝐿𝐿𝐿𝐿 𝑃𝑃𝑦𝑦𝑃𝑃𝑃𝑃𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑿𝑿𝟏𝟏𝟏𝟏𝜷𝜷𝟏𝟏 + 𝑿𝑿𝟐𝟐𝟐𝟐𝜷𝜷𝟐𝟐 + 𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖

𝑿𝑿𝑉1𝟏𝟏𝜷𝜷𝑉𝟏𝟏 + 𝜷𝜷𝒈𝒈𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮

Green Premium Dummy (green = 1, otherwise =
0)
Or categorical variables, such as
LEED {Silver, Gold, Platinum}

Example: Green label in office building (by Fuerst and 
McAllister 2009)

Log(rent/sf)

Other variables YES

LEED 0.06**

Energy Star 0.06***

Obs. 10,970 

Ordinary Least Square (OLS)
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Log(Price) = 0.3View
(view from the window)

+ 0.05 Green
(energy efficiency and other green attributes)

+ 0.1 Health
(air quality, indoor comfort, etc.)

+ …

Hedonic Model

Log(Price) = 0.01View
(view from the window)

+ 0.2 Green
(energy efficiency and other green attributes)

+ 0.15 Health
(air quality, indoor comfort, etc.)

+ …

Office

Sell

Lease

Condo

Passive House
+ WELL
+ LEED Platinum

LEED GOLD

Winthrop Center team can collect the data of nearby
property transactions and estimate a hedonic model.

Challenges?10



Eichholtz, P., Kok, N., & Quigley, J. M. (2013). The 
Economics of Green Building. The Review of Economics 
and Statistics, 95(1), 50-63. 

Fruit photos © source unknown. All rights reserved. 
This content is excluded from our Creative 
Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use/.

How to make an “Apple-to-Apple” Comparison
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Price difference USD 1M

Fruit photos © source unknown. All rights reserved. This content is excluded 
from our Creative Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use/.

Clip art icons on this and following slides © source unknown. All rights 
reserved. This content is excluded from our Creative Commons license. 
For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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A Big Picture of Causal Inference

• Fundamental problem of causal inference:

we cannot observe the “counter-factual”

Counterfactual

LEED Building

Brown Building

Effect of LEED

Bias
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Key Challenge to Causal Inference: Endogeneity

• In econometrics:
𝑌𝑌 = 𝛼𝛼 + 𝛽𝛽1𝐷𝐷 + 𝛽𝛽2 𝑋𝑋 + 𝜀𝜀

where 𝐷𝐷 = 1 if treated; Otherwise 𝐷𝐷 = 0.

Endogeneity → COV (𝜀𝜀,𝐷𝐷) = 0 is violated.
• Three major types of endogeneity

• I Omitted variables (correlated with D)

• II Reverse causality (or called “simultaneity”) 

• III Selection bias

Fruit photos © source unknown. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Seeking Apple-to-Apple Comparison

Non-experimental
design

Experimental design

Random controlledTrial (RCT)

Quasi-experiment
(mimic randomization)

Matching

Difference-in-Differences (DID)

Regression Discontinuity Design (RDD)

Instrumental Variable (IV)

OLS

Fixed Effects Regression

Field Exp.

Field Exp.

(mimic
Natural Exp.

More advanced methods seeking for exogeneous
variation

Fruit photos © source unknown. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/.
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RCT on Healthy-Building’s Impacts

A
👩👩👩👩

B
👩👩👩👩

CO2 = 800 ppm

CO2 = 2,000 ppm
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RCT on Healthy-Building’s Impacts

CO2 = 800 ppm

CO2 = 2,000 ppm

A
👩👩👩👩

B
👩👩👩👩
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RCT on Healthy-Building’s Impacts

CO2 = 800 ppm

CO2 = 2,000 ppm

A
👩👩👩👩

B
👩👩👩👩

VS

Top: © PNAS; bottom: © Massachusetts Institute of Technology. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Matching: Seeking Apple-to-Apple Comparison

• Twins

• Geographic matching

• Propensity score matching (PSM)

0.2 square miles

20,801 observations
1,943 clusters Cluster 1

Cluster 2

Cluster 3

19



How to make an 
“Apple-to-
Apple” 
comparison?

Fruit photos © source unknown. All rights 
reserved. This content is excluded from our 
Creative Commons license. For more information, 
see https://ocw.mit.edu/help/faq-fair-use/. © Massachusetts Institute of Technology. All rights reserved. This content is excluded from our 

Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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© Massachusetts Institute of Technology. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Consider the Bias in Hedonic Model 

P    =     3 Rooms  +  2 Subway Stops + LEED + A Nice Park + Residual

$ 1M =   $0.6M    +     $0.1M + $0.1M +    $0.1M + $0.1M

$ 1M   = $0.2M × 3 +  $0.05M × 2 + $0.1M × 1 + $0.1M × 1    +    $0.1M 

P =  𝛼𝛼1 × 𝑋𝑋1 +     𝛼𝛼2 × 𝑋𝑋2 +    𝛼𝛼3 × 𝑋𝑋3 + 𝛼𝛼4 × 𝑋𝑋4 +     𝜀𝜀

Input

Output

(R2= 83%)
22



Consider the Bias in Hedonic Model 

P    =    3 Rooms  +  2 Subway Stops + LEED + A Nice Park + Residual

fancy

correlated

If we can observe and measure “fancy”: 
$ 1M =   $0.6M    +     $0.1M + $0.1M +    $0.1M + $0.05M + $0.05M

If we cannot observe and measure “fancy”, and “LEED = fancy” (extreme case):
$ 1M =   $0.6M    +     $0.1M + $0.1M + $0.05M +    $0.1M + $0.05M

Overestimate    $0.15M 

23



“Apple-to-Apple” Comparison

Counterfactual

LEED Building

Brown Building

Treatment effect of LEED 
(Green Premium)

$0.1M$ 1 M

$ 0.85 M 

$ 0.15 M   Green Premium?
Bias $0.05M

$0.9M
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Pricing Green Amenities:Within-City

• Again, Hedonic Model

𝐿𝐿𝐿𝐿𝐿𝐿 𝑃𝑃𝑦𝑦𝑃𝑃𝑃𝑃𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑿𝑿𝟏𝟏𝟏𝟏𝜷𝜷𝟏𝟏 + 𝑿𝑿𝟐𝟐𝟐𝟐𝜷𝜷𝟐𝟐 + 𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖

𝑿𝑿𝑉𝟐𝟐𝜷𝜷𝑉𝟐𝟐 + 𝑿𝑿𝟐𝟐𝑮𝑮𝜷𝜷𝟐𝟐𝑮𝑮

Other locational
attributes:
- School
-Transit
- Restaurants
- ……

Green Amenities:
- Green Space
- Clean Air
-Walkability
- Health Facilities
- ……

WTP for 1 extra unit of an amenity

Example
Log(Price) = .08 school

(dummy: good school zone)

+ .05 subway
(dummy: within 1-mile subway station buffer)

+ .03 green park
(dummy: within 1-mile park buffer)

- 0.005 air pollution
(continuous: 𝜇𝜇𝐿𝐿/𝑚𝑚3)

+ …
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Siqi’s Research

• Zheng , S., & Kahn, M. E. (2008). Land and residential property markets in a 
booming economy: New evidence from Beijing. Journal of Urban 
Economics, 63(2), 743-757. 

• Research Question: To present new evidence on real estate price gradient
(and land price gradient) with respect to various location attributes and local
public goods in Beijing’s nascent free housing market.

• Data: Pooled cross-sectional housing transactions and land sales.

26



Dependent variable 1: housing prices

Courtesy of Elsevier, Inc., https://www.sciencedirect.com. Used with permission.
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Dependent variable 2: land prices

Courtesy of Elsevier, Inc., https://www.sciencedirect.com. Used with permission.
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Local public goods: subway and bus stops

Courtesy of Elsevier, Inc., https://www.sciencedirect.com. Used with permission.
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Local public goods: crime, school, university

© Elsevier B.V.. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Local public goods: environmental amenities
© Elsevier B.V.. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Pricing Green Amenities:Within-City

• Environmental amenities are important set of 
local public goods.

• proximity to fast public transit, clean air, high-
quality schools, major universities, and 
environmental amenities are capitalized into 
real estate prices.

• A 10 microgram per cubic meter increase in 
PM10 reduces home prices by 5%

© Elsevier B.V.. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Hedonic Method in Business Decision

• Bryant Park and W. R. Grace Building, 1980s – 2000s, NYC

1983
Photos: https://livingnewdeal.org/projects/bryant-park-new-york-ny/
https://bryantpark.org/blog/life-of-bryant-bryant-parks-transformation-into-the-center-of-midtown

2019

This image is in the public domain.

© source unknown. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use/.
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• Benefit and Cost Analysis
• Cost of producing x additional units of amenity < Consumer’s willingness to 

pay for x additional units amenity
• E.g. Choosing quantity of green space in a community, Plan A (QA) vs. Plan 

B (QB)
• ΔCOST (QA-B) (upfront cost + maintenance cost + opportunity cost) < �𝜷𝜷 (QA -

QB)*Housing Units
• Note: If QA or QB are very different from what was observed in data, sorting of residents might dominant 

theWTP mechanism. For example, rich households would not consider a community with zero green space.

Hedonic Method in Business Decision

𝐿𝐿𝐿𝐿𝐿𝐿 �𝑃𝑃𝑦𝑦𝑃𝑃𝑃𝑃𝑦𝑦𝑖𝑖 = 𝐶𝐶𝐿𝐿𝐶𝐶𝑡𝑡𝑦𝑦𝐿𝐿𝐶𝐶𝐶𝐶 + �𝜷𝜷𝑿𝑿𝟏𝟏
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The 1st Subway Line in Chengdu, China

𝐿𝐿𝐿𝐿𝐿𝐿 �𝑃𝑃𝑦𝑦𝑃𝑃𝑃𝑃𝑦𝑦𝑖𝑖 = 𝐶𝐶𝐿𝐿𝐶𝐶𝑡𝑡𝑦𝑦𝐿𝐿𝐶𝐶𝐶𝐶 + �𝜷𝜷𝑿𝑿𝟏𝟏

Housing price

Distance to 
subway (km)

0 2-2

Log(Housing Price)

Log(distance to subway) -0.030 ***
(-10.87)

Log(distance to subway)
× Post

-0.165***
(-35.21)

Constant 8.598***
(879.63)

N 22,080

R2 0.731

Note: ***p<0.01, ** p<0.05, * p<0.1, t value in brackets.

Map © source unknown. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Hedonic Method in Infrastructure Decision

Distance (km) Price premium Base value 
(RMB/m2)

House areas 
(hectare)

Total value 
(billion RMB)

0-0.5 14% 7304.29 553.21 5.7

0.5-1 7.4% 7304.29 583.17 3.2

1-1.5 7.5% 7304.29 392.29 2.1

Total 10.96

• The results indicate building the new subway line in Chengdu can generate $11B 
RMB benefit, measured by people’s increased willingness to pay for the houses
close to stations.

• Government can thus think about a tailored “value capture” mechanism to recover 
the infrastructure cost from nearby real estate developers. 

36



Hedonic Method to Support Policy Making: Clean Air Act

Example
Log(Price) =

- 0.0028 air pollution
(continuous:𝑚𝑚𝐿𝐿/𝑚𝑚3)

+ Controls

19 million homes in non-attainment counties,
Average home value = $86,900 (1970, in 2001 $)

10 units reduction in TSP -> $2,400 value
increase per home

Total WTP = $45 billion

Larger tax base higher property tax
Image © UC Regents. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Environmental Gentrification

D*

Poor households have
lowerWTP

WTP

Green Amenity

Occupied by the rich

Rich households have
higherWTP

Occupied by the poor

The High Line Park
(West Chelsea, Manhattan)

Top photo © Joel Sternfeld; bottom photo © DETAIL. All rights reserved. This content is excluded from 
our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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Fruit photos © source unknown. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/.
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