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Abstract
This paper presents an empirical analysis of the relation between energy factor mar-
kets, leasing structures, and the transaction prices of office buildings in the U.S.
We employ a large sample of 15,133 office building transactions between 2001 and
2010. In addition to building characteristics, we also include information on the
operating expenses, net operating income, and market capitalization rates at sale to
estimate an asset-pricing model for commercial office real estate assets. A further set
of important controls in our analysis is the forward/futures contract prices for elec-
tricity and natural gas. We also include weather metrics for each building’s location
and sale date. Our final set of controls includes information on the dominant contrac-
tual leasing structure of the buildings. Our empirical results suggest that Energy Star
labels do not explain additional variance in property prices once the key asset-pricing
factors of expenses, income and market capitalization rates are included. By con-
trast, energy-factor market prices, the shape of the energy forward price curves, and
weather metrics are consistently significant determinants of office building transac-
tion prices, suggesting that commercial office building prices are exposed to shocks
in these markets.
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Introduction

Real estate structures account for over 40% of U.S. energy consumption, with commercial
real estate alone consuming over 18%of the total (see U.S. Department of Energy 2012).
An additional sobering fact is that U.S. real estate appears to be substantially less
energy-efficient than comparable European buildings, even after controlling for such
factors as climate, GDP, and population.1 There is no mystery as to the reason: U.S.
costs for electricity and heating oil range from 50% to 75% of the levels in most Euro-
pean countries (see IEA 2009). This indicates there must be feasible technologies
that would allow the energy consumption of U.S. buildings to be reduced signifi-
cantly. Such investments could arise as the result of building codes and comparable
requirements, or as a voluntary response to high and volatile energy prices.

In this paper, we focus on the relation between energy-efficiency certification
and commercial office building transaction values. Our analysis is based on a com-
prehensive data set of commercial office building transactions. The data set was
developed to include a rich set of controls for heterogeneous building characteris-
tics, such as each building’s capacity, quality, utilization, and lease contract structure
and matched building-specific market information such as the actual capitalization
rate at sale, local-level wholesale energy market price dynamics and local weather
pattern dynamics at the time of sale. Our goal is to determine whether there exists a
significant empirical relation between the energy performance of commercial office
buildings and their transaction values, after controlling for market and building
characteristics.

Our sample includes office buildings found in the CoStar data that were located
in U.S. office markets with 150,000 or more employees working in the employment
category Information, Finance, and Professional and Business Services (the major
office categories).2 We develop time- and market-specific local weather station data
and energy forward contract auction data from the trading hubs appropriate to each
building, and link these data to each usable transaction record in the CoStar data.
Our transaction data set includes 15,133 arms-length transactions3 for office build-
ings located in 43 U.S. metropolitan areas between 2001 and 2010. Importantly,
these data are suitable to analyze the relation between the market transaction values
of U.S. office buildings and their structural, contractual, energy- and market-related
characteristics.

A second objective of the paper is to determine whether U.S. Environmental
Protection Agency (EPA) Energy Star Certification — certification that a building
operates in the top quartile of energy efficiency in the U.S. — affects transaction

1Two reports by the International Energy Agency (IEA 2009, 2008) provide comparisons of residential
energy use in the U.S. and Europe, corrected for climate and measured per unit of GDP or per capita.
McKinsey (2007) also shows substantially higher energy consumption in the U.S. than in Europe, after
controlling for GDP and population. Ries et al. (2009) compare energy use in the U.S., Australia and the
European Union.
2Bureau of Labor Statistics, Employment Hours and Earnings, State and Metro Area, http://www.bls.gov/
sae/data.htm.
3These are sales between unrelated parties.

http://www.bls.gov/sae/data.htm
http://www.bls.gov/sae/data.htm
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values. To meet this objective, we obtained information on the population of Energy
Star rated buildings from the EPA. The EPA list includes the exact location of the
building, the numeric Energy Star rating, and the date at which the rating was granted.
We merged these data with the CoStar transaction data so that we can identify all
buildings that had an Energy Star rating prior to their sale date. Finally, for a subset
of the transactions we have complete information on each building’s total operating
expenses, gross and net operating income, and capitalization rate at the sale date,
along with information on the first- and second-mortgage debt structure.

A final objective of the paper is to consider the effects of the lease contracting
structure on the energy certification and transaction prices of office buildings. We
consider the effects of potential split incentive problems that may arise between land-
lords and tenants due to commonly used leasing contracts such as triple-net leases,
where tenants bear the entire risk of energy cost uncertainty because utility charges
are fully passed through to tenants, versus modified-gross or full-service leases,
where landlords bear some or all of the energy cost uncertainty associated with the
operation of buildings. Although net leases are commonly judged to be the most
conducive for the alignment of tenants to energy efficiency objectives, net leases
also potentially limit the incentive of landlords to carry out energy efficient build-
ing improvements, as the benefits of lower energy costs would then accrue, at least
initially, to the current tenants. Thus, Energy Star certification and transaction prices
are likely to be importantly associated with the leasing structures used in properties.
For this part of our analysis, we rely on unique information obtained from CoStar on
the dominant type of lease contracts in use in each of our sampled buildings. We find
that leases are indeed important in aligning energy certification and building value.

The paper is in seven sections. In “Commercial Office Building Market Value”
we discuss empirical representations for the value of commercial real estate. In
“The CoStar Data” we provide details on the construction of our data sets. In
“The Investor’s Energy Star Rating Decision” we conduct an empirical investiga-
tion of the Energy Star rating decision of investors in commercial real estate in
the U.S. “Empirical Results with Transactions Prices” presents empirical results for
tests on the relation between real estate transaction prices, operating expenses, net
operating income, the capitalization rate, and Energy Star labels. Section “Leases”
considers the role of leasing structure on the pricing of commercial real estate
assets and the contractual management of energy price passthroughs to tenants.
Section “Conclusions” concludes.

Commercial Office BuildingMarket Value

The canonical representation for the market value of a commercial real estate asset
is as the discounted present value of the asset’s future net operating income. The
market price of a commercial office building at the investor’s purchase date (P0) can
be written as

P0 =
∞∑

t=1

Rt

(1 + it )t
, (1)
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whereRt is the net operating income at period t . The forward path of the net operating
income is defined as the forward path of gross effective income (rent per square foot
times the square footage rented minus the vacancy rate) minus the forward path of
total operating expenses. The market interest rate at period t , it , is defined as the
riskless rate plus a risk premium. Because there is rarely sufficient information about
the future path of net operating income for these assets, often the current net operating
income is used as a sufficient statistic for future net income, given an assumption
about its future growth rate. Assuming a flat term structure, the value of a commercial
real estate asset can be written as

P0 =
∞∑

t=1

R(1 + g)t

(1 + i)t
= R

(i − g)
, (2)

where g is the market growth rate for net operating income and (i − g) is known in
the real estate industry as the “market capitalization rate.”

Plazzi et al. (2010) find that metropolitan-level macroeconomic conditions appear
to significantly impact the dynamics of observed growth rates in net operating income
across regional markets. In addition to these growth rate dynamics, macro-economic
shocks to factor input prices, such as energy and labor costs, are also likely to affect
the level of net operating income, and thus the level of asset prices, through total
operating expenses. An important outstanding question is the degree to which shocks
to the energy factor can be mitigated by building characteristics such as the energy
efficiency of building engineering systems, such as heating, air conditioning and
ventilation, or low-energy-use lighting systems. To our knowledge, other than engi-
neering simulation studies, there are no systematic empirical analyses of the relative
operating efficiency of office buildings in U.S. metropolitan markets. The primary
impediment to such studies is the lack of information on office building transaction
prices along with information on building-level total operating expenses, gross/net
operating income, capitalization rates, location, energy-use metrics, and physical
characteristics of the building.

In an influential recent paper, Eichholtz et al. (2010) measure the economic value
of the certification of “green buildings,” which have either received an Energy Star
rating or a LEED rating. They find that these buildings have asking rents (prices) that
are about 3% (16%) higher per square foot than the asking rents (prices) found in
otherwise spatially identical buildings. Two other studies by Wiley et al. (2010) and
Fuerst and McAllister (2011) also find higher asking rents, prices, and occupancy
rates for buildings with green ratings. All three of these studies test for the effects of
“green” ratings using a hedonic representation of prices (asking rents) as a function
of the characteristics and location of the building, including controls for whether each
building was rated by LEED or Energy Star. Following the standard specification
found in the hedonic pricing literature for real estate assets (see Rosen 1974), the
natural log of prices, p,4 is characterized by the set of all of its physical attributes,

4The semi-log specification is used to correct for skewness in the distribution of office building prices.
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found in the vector, Xi , including an indicator variable for the existence of a green
rating, xgreen, such that

pi = β0 + βiXi + βgreenxgreen + εi, (3)

where the βs are coefficients to be estimated and εi is a building-specific residual.
It is further assumed that the preferences of the commercial real estate investors are
solely determined by the corresponding vector of attributes, including the ratings,
that define the building. In contrast to Eq. 2, the hedonic specification found in these
studies does not control for the operating costs of the buildings, nor does it control
for the expected metropolitan-level energy costs for the major fuels used by com-
mercial office buildings—natural gas and electricity. Thus, the introduction of an
indicator variable for “green” building ratings is likely to primarily account for the
benefit stream associated with the ratings. The benefit stream would be expected to
have a positive effect (i.e., positive βgreen) although the effect on prices might be
statistically insignificant. The causal determinants of this benefit, however, would be
indeterminate. It could either be associated with real energy efficiency of the building
(although this is unmeasured in this specification) or it could be due to the “plaque-
in-the-lobby effect” or other labeling related attribute effects (see, for example, the
label of an “architect-designed building,” as in Vandell and Lane (1989)).

A primary contribution of this paper is to assemble a data set suitable for the
empirical estimation of Eq. 2. Because Eq. 2 measures current values as a function
of forward measures of fundamentals, our data requirements include forward mea-
sures for the metropolitan-level net-income growth rates, as identified by Plazzi et al.
(2010), as well as building-level measures of the dynamics of key forward-looking
factor-input prices. Any empirical analysis of the highly heterogeneous stock of com-
mercial office properties must also include numerous controls for the physical and
utilization characteristics of these buildings, as is typically done in the estimation of
hedonic price estimates.

Another focus of our work is to consider the effect of each building’s contractual
leasing structure on observed total operating expenses, Energy Star ratings, and asset
values. Because the contractual structure of leases stipulates the way in which utility
costs (primarily gas, electricity, water and taxes) are allocated to tenants and the
degree of control tenants have on these costs, we develop measures for these leasing
structures and consider several different empirical specifications for the factors that
are associated with the adoption of one leasing structure versus another. Finally, we
consider the relation between the capital structure of commercial office buildings and
their energy risk characteristics.

The CoStar Data

CoStar Group data used in our analysis consists of two separate components: the
Properties data and the Comparable Transactions data. The Properties data includes
information on subletting, direct, or relet space that is currently available for a
large sample of office buildings in the United States. CoStar reports the “Weighted
Average Rent,” if there is rentable space available in the building; otherwise the
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Weighted Average Rent measure appears as missing. The Weighted Average Rent
is measured as the weighted average “asking rent” for the available sublet, direct,
or relet office space in each building at the time the data are downloaded (in our
case, August/September 2010). The property data file also includes detailed infor-
mation concerning the characteristics of the available space, including the location
of the building, the dominant lease contract structure in the building, the amount of
leasable square footage available at the download date, an undated indicator variable
for whether the building has been Energy Star rated at any time between 1999 and
2010, and the most recent sale transaction information (date of sale and sales price)
if there have been recent transactions. There is also a large amount of brokerage con-
tact information, as these data are intended for use by leasing brokers and tenants
seeking to dispose of, or obtain, office space.

There are a number of problems with the use of the CoStar measure of Weighted
Average Rent in a statistical analysis of the correlation of building attributes, such as
indicators for energy efficiency, and the market values of commercial office build-
ings. First, because there can be no assurance that the CoStar quoted “asking rent” is
ever achieved in any future lease transaction, these rents cannot be viewed as directly
equivalent to market prices. At best these asking rents might be viewed as a noisy
measure of the landlord’s evaluation of the market value of the available space given
the available space characteristics. A second problem is that the CoStar measure of
the Weighted Average Rent does not correspond to a homogeneous combination of
available rental space. Because sublet, relet, and direct space would be expected to
have very different quoted and realized rents per square foot, the Weighted Average
Rent cannot be readily compared across buildings. For these rents to be comparable,
additional information on the amount of each type of available space and the rents
for each would be required. Unfortunately, the asking rent per square foot for each
type of rental space is not reported in CoStar. A final important limitation is sample-
selection bias. Because the Weighted Average Rent appears as a missing value for
all buildings that are fully leased, more poorly functioning buildings are likely to be
systematically over-represented in the CoStar data.

Given these problems with using the CoStar Weighted Average Rent measure as a
proxy for market value, we instead use the CoStar Comparable Transaction data. As
previously discussed, we limit our analysis to comparable arms-length and confirmed
market transactions.5 These data again have no information on the actual rents paid
by current lessors but they do have information on the actual confirmed transaction
price and sale/recording dates for each office building. The data also include infor-
mation on the overall building characteristics (building and lot square footage, typical
floor area square footage, numbers of floors, etc), how many tenants, the location,
and quality characteristics of the building, information on the first and second lien
amounts, and the lien periodic payment amounts. For a subset of these data, there is

5We eliminate all transactions for which there was a “non-arms-length” condition of sale due to such
factors as a 1031 Exchange, a foreclosure, a sale between related entities, or a title transfer, among other
conditions. All of these sale conditions would affect prices due to the trading of tax basis in the case
of 1031 exchanges or the auction structure in the case of foreclosure. Instead, we focus only on market
transactions between unrelated parties.
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also information on the annual net operating income at sale, the market-capitalization
rate at sale, and the total annual expenses at sale.

Because the Comparables, or Transaction data, represent a subset of the Properties
data, or asking-rent data, in CoStar, we merge the two data sets together by build-
ing name and address to obtain leasing characteristic information for the subset of
office buildings that are in both data sets. The merged set of Transactions and Prop-
erty data included 15,133 office buildings with complete records on all important
covariates such as building square footage or the number of tenants. We also ana-
lyze a smaller data set that includes information on the leasing structure, annual net
operating income at sale, the actual cap rate at sale, and the total annual expenses at
sale.

Energy Star Matching

We merged the CoStar sample of 15,133 buildings with a data set obtained from
the U.S. Environmental Protection Agency (EPA) that includes every building in the
U.S. that has obtained an Energy Star rating.6 The Energy Star rating program was
designed by the EPA and the U.S. Department of Energy in 1999 to promote energy
efficiency in the U.S. commercial real estate sector, and thereby reduce greenhouse
gas emissions. The Energy Star rating is based on comparative national data, obtained
from the Commercial Building Energy Consumption Survey, which set the annual
benchmarks for energy usage levels across property types. A building’s energy effi-
ciency is measured as the residual between the actual and predicted energy usage of
the building using actual utility bills. To receive an Energy Star label, a building must
score in the top quartile of the EPA’s energy performance rating system and must
meet designated indoor air-quality standards.

For each building, we obtained information on when the Energy Star rating was
obtained and the level of the rating the building received.7 The merged data sets led to
545 matches for Energy Star rated buildings. However, many of these matches were
for Energy Star ratings that post-dated the actual observed transaction date.8 Using
data on the actual date of each Energy Star grant, we matched 141 buildings that had
an Energy Star rating by the time of sale.

Local Weather Data Matching

The weather data were obtained from Wolfram Schlenker at Columbia University.9

The weather station data are based on a rectangular grid system, called PRISM, that

6Many buildings in this sample were Energy Star rated multiple times and these ratings are often non-
monotonic in time (sometimes lower ratings are obtained at later dates). This non-monotonicity may arise
because the Energy Star rating is relative to the population mean performance of office buildings. Thus, if
an office building simply maintained its energy consumption profile, its ranking might fall if the overall
population of U.S. buildings increases its energy efficiency.
7These rating vary between 75 and 100.
8CoStar does not account for the date the Energy Star rating was received.
9See http://www.columbia.edu/∼ws2162/

http://www.columbia.edu/~ws2162/
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was developed at Oregon State University and covers the contiguous United States.10

The weather data include 471,159 grid points representing 2.5 mile squares with
non-missing data. The data include the minimum and maximum temperature (Cel-
sius) and the total precipitation (cm) for each day of a year for all of the 471,159
grids in the United States from 1950 through 2010. These data are interpolated from
PRISMs monthly weather station averages to daily data and we aggregate them back
into monthly data for our analysis. We associate the past twelve months of weather
data for each building in the CoStar data with the weather data associated with the
nearest grid point in the Schlenker data. Further details concerning the structure of
the weather data are reported in Appendix B.

Energy Auction Data Matching

Incorporating information on the energy factor inputs for U.S. office building expo-
sure requires a careful accounting for the institutional and contractual details of the
regional and sub-regional gas and electricity markets in the U.S. We use data pur-
chased from Platts (the data vendor) and compute a daily forward curve for power
purchased on-peak and off-peak for all the trading hubs represented in our metropoli-
tan areas. Platts gathers information on the power forward market from active brokers
and traders and through the non-commercial departments (back offices) of compa-
nies. Since October 2007, this information has been augmented with auction prices
from the Intercontinental Exchange (ICE) to form Platts forward market power daily
assessment. Because more liquid locations and shorter term packages trade more fre-
quently on ICE, while less liquid locations and longer term packages trade more
frequently over-the-counter (OTC), Platts is able to combine these sources to build
a comprehensive picture of the forward market. Details of the methodology are
described in Appendix C.

The raw data from Platts was formatted with single entries for each forward pack-
age. For a given trading date, a power hub, and a type of contract — on- and off-peak
— there are single entries for the mark-to-market price for each forward package.
This scheme characterizes the term-structure of power prices for a given trading date
for contracts of varying maturities. Because the hub markets are defined geograph-
ically we then develop two measures for each building: 1) the 1–12 month daily
average forward price per month (a measure of the short term contract forward price)
that is measured contemporaneously, with a six-month lag and with a twelve-month
lag; 2) the shape of the forward curve measured as the difference between the daily
average for 1–12 month and 25–36 month contracts, standardized by the number of
months in the curve, that is also measured contemporaneously, with a six-month lag
and with a twelve-month lag. These measures were then matched to each building
according to the electricity forward market hub that serves the building’s location
and were matched to the observed month of the building’s sale date. The electric-
ity prices are quoted as $/MWh (Mega Watts x hour) and Platts publishes these
prices as of the delivery, or flow date, of the contract. Our use of delivery prices

10See http://www.prism.oregonstate.edu/

http://www.prism.oregonstate.edu/
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justifies our contemporaneous merges between electricity forward delivery price and
the contemporaneous sale date of the building.

The resource costs (wholesale) price dynamics for natural gas are measured simi-
larly to those of the electricity hubs. One important difference is that the natural gas
market is benchmarked to a single auction at the Henry Hub. Following our strategy
for the electricity prices and slopes, we measure the 1–12 month forward prices and
the slopes for the Henry Hub. After the deregulation of the wholesale market for nat-
ural gas in the mid 1990s, the New York Mercantile Exchange (NYMEX) launched
trading for monthly futures contracts with similar characteristics to those of crude
oil. The standard NYMEX natural gas futures contract specifies physical delivery of
10,000 MMBtu (millions of British thermal unit) ratably delivered into Henry Hub
- Louisiana. Until the early 2000s NYMEX provided monthly contracts covering
maturities of about 36 months out. After that the range of maturities was extended
and it currently covers more then six years (72 months) out on a monthly basis. The
NYMEX website provides more details on how the contracts are traded and the rules
for settlement.

There is also an extensive network of natural gas pipelines connecting the produc-
tion basins to large consumption areas (mainly large populated urban centers) and
wholesale physical natural gas trading occurs in different hubs distributed in the con-
tinental U.S. These hubs are key points in the pipeline grid characterized by either
being interconnections between major pipelines and/or access points to public utility
gas companies. Of all those hubs, Henry Hub is the benchmark for price quotation.
Henry Hub’s importance comes from its location as an interconnecting point for
multiple pipelines and because it is the most liquid hub for trading spot and futures
contracts. Prices for other hubs (spot and OTC forwards) are typically quoted as a
basis to Henry Hub. These basis quotes are, most of the time, a very small fraction of
the full benchmark quote. We follow the market conventions and compute the near
natural gas price as the Henry Hub monthly average of daily 1–12 month forward
prices and measure the slope as the difference between the near price and the 60–72
month forward prices. We again compute these value contemporaneously, with a six-
month lag and with a 12-month lag for each date. We then merge these time series
data to the date of the observed sales transactions for each office building. Other
specifics of our natural gas measurement are described in Appendix C.

Summary Statistics for the CoStar Transaction Data

As previously discussed, we focus on the 43 metropolitan “office” market areas that
account for the highest levels of employment in the category of Information, Finance,
and Professional and Business Services, as measured by the Bureau of Labor Statis-
tics in 2010.11 We represent the office market location of the building using market
area designations developed by CoStar. In Table 1, we report the frequency of office
building arms-length transactions that occurred from 2001 through 2010 for which

11Bureau of Labor Statistics, Employment Hours and Earnings, State and Metro Area, http://www.bls.gov/
sae/data.htm.

http://www.bls.gov/sae/data.htm
http://www.bls.gov/sae/data.htm
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Table 1 Market location of CoStar transaction data

CoStar market area Number
of sales

Percentage
of total

Cumulative
frequency

Cumulative
percentage

Atlanta 915 6.05 915 6.05

Austin 93 0.61 1008 6.66

Baltimore 370 2.44 1378 9.11

Boston 510 3.37 1888 12.48

Charlotte 102 0.67 1990 13.15

Chicago 909 6.01 2899 19.16

Cincinnati/Dayton 156 1.03 3055 20.19

Cleveland 154 1.02 3209 21.21

Dallas/Fort Worth 306 2.02 3515 23.23

Denver 617 4.08 4132 27.3

Detroit 166 1.1 4298 28.4

East Bay/Oakland 188 1.24 4486 29.64

Hartford 48 0.32 4534 29.96

Houston 218 1.44 4752 31.4

Indianapolis 47 0.31 4799 31.71

Inland Empire (California) 380 2.51 5179 34.22

Kansas City 161 1.06 5340 35.29

Las Vegas 528 3.49 5868 38.78

Long Island (New York) 283 1.87 6151 40.65

Los Angeles 799 5.28 6950 45.93

Marin/Sonoma 33 0.22 6983 46.14

Milwaukee/Madison 30 0.2 7013 46.34

Minneapolis/St Paul 184 1.22 7197 47.56

Nashville 52 0.34 7249 47.9

New York City 243 1.61 7492 49.51

Northern New Jersey 637 4.21 8129 53.72

Orange (California) 464 3.07 8593 56.78

Orlando 323 2.13 8916 58.92

Philadelphia 762 5.04 9678 63.95

Phoenix 1351 8.93 11029 72.88

Pittsburgh 92 0.61 11121 73.49

Portland 179 1.18 11300 74.67

Sacramento 307 2.03 11607 76.7

San Antonio 47 0.31 11654 77.01

San Diego 292 1.93 11946 78.94

San Francisco 185 1.22 12131 80.16

Seattle/Puget Sound 410 2.71 12541 82.87
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Table 1 (continued)

CoStar market area Number
of sales

Percentage
of total

Cumulative
frequency

Cumulative
percentage

South Bay/San Jose 161 1.06 12702 83.94

South Florida 707 4.67 13409 88.61

St. Louis 119 0.79 13528 89.39

Tampa/St Petersburg 527 3.48 14055 92.88

Washington DC 1022 6.75 15077 99.63

Westchester/So Connecticut 56 0.37 15133 100

This table presents the sample of office buildings that traded in arms-length transactions between 2001
and 2010 for which we have sales price, sales date, and information on the square footage of the building.
The data were obtained from the CoStar transactions data base

we have complete price and characteristic information. As shown in the table, we
have good transaction coverage for all of the large U.S. office markets identified by
the Bureau of Labor Statistics. Our total sample size is 15,133 office properties.

Table 2 presents the distribution of transaction dates of sale for buildings that
traded in our sample. The heavy trading volumes in the years 2005 through 2007
reflect the growth of the Commercial Mortgage Backed Securities market (an impor-
tant source of mortgage lending for office transactions) during this period and the
transaction boom fueled by the availability of cheap credit.

Table 3 presents the distribution of office buildings in the sample that had obtained
at least one Energy Star rating by 2010. As shown, we were able to match to 547
Energy Star rated buildings in the U.S. EPA Energy Star ratings reports. When we

Table 2 Transaction dates for the arms-length office building CoStar transactions

Sale year Number of sales Percentage of total Cumulative frequency Cumulative percentage

2001 10 0.07 10 0.07

2002 227 1.5 237 1.57

2003 1806 11.93 2043 13.5

2004 2457 16.24 4500 29.74

2005 2534 16.74 7034 46.48

2006 2570 16.98 9604 63.46

2007 2641 17.45 12245 80.92

2008 1757 11.61 14002 92.53

2009 935 6.18 14937 98.7

2010 196 1.3 15133 100

This table presents the frequency of trades for the office buildings in our sample. Our sample of buildings
are office properties that traded in arms-length transactions between 2001 and 2010 for which we have
sales price, sales date, and information on the square footage of the building. The data were obtained from
the CoStar transactions data base
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Table 3 Energy Star ratings frequencies between 2001 and 2010

Energy Star Number Percentage Cumulative Cumulative

Status of Sales of Total Frequency Percentage

Never Energy Star rated in period 14586 96.39 14586 96.39

Energy Star rated in period 547 3.61 15133 100

Never Energy Star rated by time of Sale 14992 99.07 14992 99.07

Energy Star rated by time of Sale 141 0.93 15133 100

Total Energy Star annual ratings (1999–2010) 1222

The upper panel of the table presents the numbers of office buildings that even received at least one Energy
Star rating between 2001 and 2010. The lower panel of the table reports the number of office buildings in
the sample that had an Energy Star rating by the time of their sale

further narrow the definition of the Energy Star rated buildings to buildings that were
Energy Star rated at the time of their sale, we have only 141 Energy Star Ratings
at the time of sale. This feature of the data arises because the incidence of Energy
Star rated buildings has been growing. However, most buildings rated by Energy Star
received their ratings at the end of the sample in 2008, 2009 and 2010, and typically
these rating dates are several years after the properties actually sold.

In Appendix A, we map the location of the Energy Star rated buildings in the Los
Angeles and San Franciso markets. The maps highlight the important geographic
structure of the Energy Star rated building locations. For the most part, the Energy
Star rated office buildings are located in more central locations, the Central Business
District or the Sub-Regional Business District, within the CoStar Markets. A further
geographic detail, which is not obvious from Table 3, is that the preponderance of
these Energy Star certified buildings are located in the states of California, Florida,
Texas, New York/New Jersey, and Washington DC/Maryland. Several markets have
only one or two Energy Star rated buildings.

Table 4 provides summary statistics for other important characteristics of the
office building transaction data. In the top panel of the table, we report summary
statistics for the 1–12 month power and natural gas forward prices that were observed
at the time the building traded. We also report the values for the slope of the forward
curve for power and natural gas on the sale date. As reported, the average electric-
ity forward price (in $/MWh), that is observed at the sale date for the traded office
buildings is $68.65/MWh, the standard deviation is $19.23/MWh, and there is consid-
erable variability, with a high of $161.71/MWh and a low of $30.78/MWh. Although
not shown, there is also considerable variability in these prices across hub regions,
so office buildings in different hubs at the same time period experienced different
prices. The average slope of the power forward curve is slightly downward sloping
per month $−0.819. However, here again there is considerable time-series and hub
variation, with observations with very steep forward curves indicating expectations
that power prices/MWh were expected to rise, $13.67/MWh/month, and very steeply
downward sloping forward price curves, $−21.74/MWh/month.
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As previously discussed, the natural gas forward prices only vary in the time series,
as we measure all buildings at the Henry Hub benchmark forward price following
industry convention. As shown in Table 4, the average forward price (in $/MMBtu)
is $7.38 with a standard deviation of $2.047. The maximum price was less that twice
the average price. The observed slope of the forward curve at the transaction date
was slightly negative at $−0.18 MMBtu/month and, similar to the power markets,
the minimum and maximum values vary between positively and negatively sloped
forward price curves.

The upper panel of Table 4 provides summary statistics for the local weather and
energy markets for the twelve months prior to the sale date of the property. We
report the average standard deviation of weather data for the minimum temperature,
maximum temperature, and the precipitation over the prior twelve months for each
building. As shown, the average standard deviation for the maximum temperatures
was 69.14 degrees Fahrenheit and was 58.49 degrees Fahrenheit for the minimum
temperatures. The precipitation standard deviations are significantly smaller at .045.
We also develop two other weather measures: i) the maximum of the weekly median
temperatures over the last fifty two weeks and ii) the minimum of the weekly median
temperatures over the past fifty two weeks. These measures are intended to control
for the effects on the building of extremes in weather exposure in the year prior to the
building sale date. As shown in Table 4, there is considerable heterogeneity in these
variables across locations and years.

In the lower panel of Table 4, we report summary statistics for the trading price
and the building characteristics of the arms-length transactions. The average observed
price per square foot was $183.89, with a standard deviation of $108.72 per square
foot, and the average building size was 54,747.95 square feet with a standard devia-
tion of 122,254.48 square feet. The average number of floors was 3.44 and the largest
building had 110 floors. The typical rented square footage per tenant was 14,058.73
square feet in these buildings and the standard deviation was 18,890.54. 44% of the
buildings in the transaction data are multi-tenant buildings and 12% of the buildings
are class A buildings. Only 1.3% of the buildings in the sample were renovated prior
to the sale.

For a subset of the transaction data, we have information on the net operating
income, total operating expenses, and observed capitalization rate at the time of
sale.12 As reported in the bottom panel of Table 4, for the sub-sample of sales, the
average net operating income per square foot at the time of sale was $11.91 and the
standard deviation was $6.98. The total expenses per square foot at the time of sale
was $6.84 and the standard deviation was $4.08. Finally, the observed capitalization
rate at the time of sale was 7.73% with a minimum value of 2.8% and 13.14% over
the period 2001 to 2010.

12The capitalization rate is the discount rate that translates the observed net operating income into the
observed transaction price at the time of sale, assuming an infinite investment horizon,

∞∑

t=1

NOI

capitalization rate
= Sales Price.
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The Investor’s Energy Star Rating Decision

We first consider the exogenous factors that may lead a building owner to apply for
and successfully achieve an Energy Star rating for a commercial office building. As
previously discussed, applying for an Energy Star rating involves significant costs
in the form of the time and effort required for engineers to verify utility bills and
certify the level of air quality in the building. There may also be costs associated
with retrofitting the building, if the current operating performance is below the top
quartile of performance. Following the logic of standard investment rules, we would
expect the investor to undertake the Energy Star application process and, if need be,
retrofit the building to successfully achieve an Energy Star rating if the present value
of the benefits from that investment exceeds its costs.13 As is clear from the previous
discussion of Eq. 2, the increment to the asset price could arise from an increase
in gross income, a decrease in vacancy rates, a decrease in total operating costs, an
increase in the net operating income growth rate, or a decrease in the risk of the asset
due to reductions in the volatility of the building’s cash flows. Whatever the source
of the benefits from the rating, however, the increment to the asset’s value after the
successful Energy Star rating must exceed the cost of obtaining the rating, given the
investor’s opportunity costs.

An additional dilemma for the econometrician is that the underlying fundamen-
tal factors in Eq. 2 are unobserved. Instead, the econometrician observes only an
outcome variable equal to 1 if the decision to obtain an Energy Star rating meets
the investment threshold for the investor. Future observations on the price of the
asset are, of course, conditioned on the prior decision to obtain, or not to obtain, the
Energy Star rating, and this decision could affect the level and dynamics of asset
prices in important ways. A further problem is that the Energy Star decision is often
a dynamic contracting problem, which is solved contemporaneously with leasing and
debt-contracting decisions. The Energy Star decision may thus be co-determined with
these other contracting decisions.

In its simplest form, the utility an investor derives from obtaining an Energy Star
rating in a given period can be associated with a linear function of building char-
acteristics and other exogenous market variables, vit , affecting costs and building
value,

Uit = γ vit + μit , (4)

where μit is a residual. Utility is an unobserved latent variable. However, we do
observe the choice made by the investor each period. Obtaining an Energy Star rating
thus corresponds to a response variable, yit , with value 1. If the Energy Star rating is
achieved, this implies that latent utility is positive,

yit = 1 ⇒ Uit > 0. (5)

13Of course, real options considerations might also enter this calculus, leading to consideration of the
second moments of fundamental factors (Grenadier 2005).
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Under the assumption that the residual follows an i.i.d. extreme-value distribution,
the probability of obtaining an Energy Star rating is given by the logistic function,

Pr(yit = 1) = Pr(γ vit + μit > 0) = Pr(μit > −γ vit ) = 1

(1 + exp(γ vit )
. (6)

The coefficients of this choice behavior can be estimated using maximum likelihood.
The likelihood function is calculated by aggregating the probability of the observed
choice stream for each building,

logL(θ; v) =
N∑

i=1

Ti∑

t=1

{
log

[
Pr(yit = 1)1yit=1

] + log
[
(1 − Pr(yit = 1)) 1yit=0

]}
.

(7)
We report the results of maximum-likelihood estimation for the Energy Star choice
in Table 5. Because we only observe the year of the Energy Star rating, we compute
the annualized average near contract prices and the annualized value of the slope
for power and gas for each building. We also have measures for the quality of the
building, the age and the square footage at the Energy Star grant date and the quality
level of the building. Many of the Energy Star rated buildings in the sample are rated
multiple times over the period 1999 through 2010. For every building in the sample,
we construct a panel of annual observations on market and building characteristics,
including an indicator for whether the building became Energy Star rated in that year.
Our estimator accounts for the path-dependence of these decisions, as a sub-sample
of the buildings were Energy Star rated every year, some buildings were Energy Star
rated more than once but not every year, some were Energy Star rated only once in
the sample period, and some buildings were never Energy Star rated over the period.
We merge the building-level characteristics with time-varying market characteristics
for energy forward prices and weather variables, measured year by year from the
building’s transaction date.

As shown in columns two and three of Table 5, the investor’s decision to obtain
an Energy Star rating for a building is associated with the energy factor prices in
markets. Obtaining an Energy Star rating is positively associated with both the six-
month lagged price level of the one- to twelve-month electricity contract and a higher
slope of the electricity forward curve, indicating expectations for electricity prices to
rise. Changes in the level of Henry Hub natural gas prices have a statistically signif-
icant effect on the likelihood that an Energy Star rating is achieved and expectations
that natural gas prices are expected to rise also have a statistically positive effect on
the probability of achieving an Energy Star rating. A higher standard deviation in
the maximum temperature is statistically significantly and positively related to the
decision to obtain an Energy Star rating in a given year, whereas increased standard
deviation in the minimum temperatures has an offsetting negative association with
obtaining an Energy Star rating. The maximum weekly median temperature over the
past fifty two weeks has a significant negative association with the likelihood of
obtaining an Energy Star score, whereas the minimum weekly median temperature
over the past fifty two weeks has a larger and positive effect. These results suggest
that energy cost drivers are strongly associated with obtaining Energy Star rating



Energy Factors, Leasing Structure and the Market Price of Office...

Ta
bl
e
5

L
og
it
es
tim

at
io
n
of

th
e
E
ne
rg
y
St
ar

ra
tin

g
ch
oi
ce

an
d
tw
o-
st
ep

he
ck
m
an

es
tim

at
or

fo
r
sa
m
pl
e
se
le
ct
io
n
bi
as

L
og

it
es
tim

at
es

H
ec
km

an
Tw

o
st
ep

es
tim

at
io
n

Pr
ob
ab
ili
ty

of
Pr
ob
ab
ili
ty

of
E
ne
rg
y
St
ar

L
og

bu
ild

in
g
pr
ic
e

A
nn
ua
lE

ne
rg
y
St
ar

ra
tin

g
R
at
in
g
pr
io
r
to

sa
le

pe
r
sq
ua
re

fo
ot

Pa
ra
m
et
er

St
an
da
rd

Pa
ra
m
et
er

St
an
da
rd

Pa
ra
m
et
er

St
an
da
rd

V
ar
ia
bl
e

E
st
im

at
e

E
rr
or

E
st
im

at
e

E
rr
or

E
st
im

at
e

E
rr
or

In
te
rc
ep
t

3.
57
6*
**

0.
47
6

−2
.9
40
**
*

0.
40
7

2.
45
4*

1.
05
9

A
nn
ua
la
ve
ra
ge

of
th
e
si
x
m
on
th

la
g
pr
ic
e
of

th
e

1–
12

m
on
th

fo
rw

ar
d
co
nt
ra
ct
at
sa
le
by

tr
an
sa
ct
io
n
hu
b

0.
00
8*
**

0.
00
1

0.
01
3*
*

0.
00
2

A
nn
ua
la
ve
ra
ge

of
th
e
si
x
m
on
th

la
g
sl
op
e

of
th
e
po
w
er

fo
rw

ar
d
cu
rv
e

0.
02
4*

0.
01
0

0.
03
4*

0.
01
2

A
nn
ua
la
ve
ra
ge

of
th
e
si
x
m
on
th

la
g
pr
ic
e
of

th
e

1–
12

m
on
th

na
tu
ra
lg

as
fo
rw

ar
d
co
nt
ra
ct

0.
05
6*

0.
02
1

0.
02
1

0.
03
5

A
nn
ua
la
ve
ra
ge

of
th
e
si
x
m
on
th

la
g
sl
op
e

of
th
e
na
tu
ra
lg

as
fo
rw

ar
d
cu
rv
e

0.
22
4*
*

0.
10
2

−0
.1
37

0.
16
7

St
an
da
rd

de
vi
at
io
n
of

12
m
on
th

m
ax
im

um
te
m
pe
ra
tu
re

0.
01
5*
**

0.
00
4

−0
.0
10
**

0.
00
4

St
an
da
rd

de
vi
at
io
n
of

12
m
on
th

m
in
im

um
te
m
pe
ra
tu
re

-0
.0
19
**
*

0.
00
5

0.
00
2

0.
00
5

St
an
da
rd

de
vi
at
io
n
of

12
m
on
th

pr
ec
ip
ita
tio

n
−1

.2
55

0.
95
2

−3
.5
79
*

1.
47
7

M
ax
im

um
te
m
pe
ra
tu
re

ov
er

pa
st
fi
ft
y
tw
o
w
ee
ks

−0
.0
70
**
*

0.
02
2

0.
03
1

0.
01
7

M
in
im

um
te
m
pe
ra
tu
re

ov
er

pa
st
fi
ft
y
tw
o
w
ee
ks

0.
10
0*
*

0.
03
6

−0
.0
57
**

0.
01
8

A
ge

of
th
e
bu
ild

in
g

0.
00
1

0.
00
1

0.
00
1

0.
00
2

−0
.0
10
**
*

0.
00
3

In
di
ca
to
r
va
ri
ab
le
fo
r
m
ul
ti-
te
na
nt

bu
ild

in
g

0.
81
3*
**

0.
07
7

0.
74
2*
**

0.
13
0

0.
64
6*
**

0.
10
5

In
di
ca
to
r
va
ri
ab
le
fo
r
cl
as
s
A
bu
ild

in
gs

1.
20
0*
**

0.
05
8

1.
27
3*
**

0.
09
4

0.
98
7*
**

0.
04
9



D. Jaffee et al.

Ta
bl
e
5

(c
on
tin

ue
d)

L
og

it
es
tim

at
es

H
ec
km

an
Tw

o
st
ep

es
tim

at
io
n

Pr
ob
ab
ili
ty

of
Pr
ob
ab
ili
ty

of
E
ne
rg
y
St
ar

L
og

bu
ild

in
g
pr
ic
e

A
nn
ua
lE

ne
rg
y
St
ar

ra
tin

g
R
at
in
g
pr
io
r
to

sa
le

pe
r
sq
ua
re

fo
ot

Pa
ra
m
et
er

St
an
da
rd

Pa
ra
m
et
er

St
an
da
rd

Pa
ra
m
et
er

St
an
da
rd

V
ar
ia
bl
e

E
st
im

at
e

E
rr
or

E
st
im

at
e

E
rr
or

E
st
im

at
e

E
rr
or

Ty
pi
ca
lf
lo
or

ar
ea

sq
ua
re

fo
ot
ag
e

−0
.0
24
*

0.
00
1

0.
02
1

0.
01
8

0.
82
4

0.
53
6

N
um

be
r
of

fl
oo
rs

−0
.0
01

0.
00
6

B
ui
ld
in
g
si
ze

(s
qu
ar
e
fe
et
)

0.
00
1

0.
00
3

In
ve
rs
e
m
ill
s
ra
tio

−0
.1
24

0.
08
6

M
ar
ke
tf
ix
ed

ef
fe
ct
s

Y
es

Y
es

Y
es

Y
ea
r
fi
xe
d
ef
fe
ct
s

Y
es

Y
es

Y
es

L
ik
el
ih
oo
d
R
at
io

Te
st
(χ

2
)

−1
48
7.
25
0*
**

W
al
d
te
st
(χ

2
)

10
4.
87
**
*

N
um

be
r
of

ob
se
rv
at
io
ns

17
3,
64
0

15
13
3

15
13
3

*p
<

0.
05
,

**
p

<
0.
01
,

**
*p

<
0.
00
1

C
ol
um

ns
tw
o
an
d
th
re
e
pr
es
en
tt
he

m
ax
im

um
lik

el
ih
oo
d
es
tim

at
es

fo
r
th
e
pr
ob
ab
ili
ty

th
at
a
bu
ild

in
g
su
ce
ss
fu
lly

re
ce
iv
ed

an
E
ne
rg
y
St
ar

ra
tin

g
in

a
gi
ve
n
ye
ar

as
a
fu
nc
tio

n
of

lo
ca
l
en
er
gy
-m

ar
ke
t
an
d
w
ea
th
er

ch
ar
ac
te
ri
st
ic
s
an
d
bu
ild

in
g
an
d
m
ar
ke
t
ch
ar
ac
te
ri
st
ic
s.
C
ol
um

ns
fo
ur

th
ro
ug
h
se
ve
n
pr
es
en
t
a
tw
o
st
ep

H
ec
km

an
es
tim

at
or

fo
r
sa
m
pl
e

se
le
ct
io
n
bi
as
.T

he
co
ef
fi
ci
en
ts
fo
r
th
e
ch
oi
ce

eq
ua
tio

n,
th
e
pr
ob
ab
ili
ty

th
at
a
bu
ild

in
g
su
cc
es
sf
ul
ly

re
ce
iv
ed

an
E
ne
rg
y
St
ar

ra
tin

g,
is
re
po
rt
ed

in
th
e
fo
ur
th

an
d
fi
ft
h
co
lu
m
ns
.

T
he

si
xt
h
an
d
se
ve
nt
h
co
lu
m
ns

re
po
rt
co
ef
fi
ci
en
te
st
im

at
es

fo
rt
he

lo
g
pr
ic
e
pe
rs
qu
ar
e
fo
ot
fo
rb

ui
ld
in
gs

co
nd
iti
on
ed

on
th
e
ch
oi
ce

eq
ua
tio

n
an
d
ot
he
rv

al
ue

re
la
te
d
co
va
ri
at
es
.

T
he

E
ne
rg
y
St
ar

ra
tin

g
in
di
ca
to
r
fo
r
ea
ch

bu
ild

in
g
w
as

ob
ta
in
ed

fr
om

th
e
U
.S
.E

nv
ir
on
m
en
ta
l
Pr
ot
ec
tio

n
A
ge
nc
y,
th
e
of
fi
ce

bu
ild

in
g
da
ta

w
er
e
ob
ta
in
ed

fr
om

C
oS

ta
r,
th
e

el
ec
tr
ic
ity

fo
rw

ar
d
cu
rv
e
w
as

es
tim

at
ed

us
in
g
da
ta
fr
om

Pl
at
ts
,t
he

na
tu
ra
lg
as

da
ta
w
er
e
ob
ta
in
ed

fr
om

N
Y
M
E
X
,a
nd

th
e
w
ea
th
er
da
ta
w
er
e
ob
ta
in
ed

fr
om

W
ol
fr
am

Sc
hl
en
ke
r.

T
he

re
po
rt
ed

te
st
st
at
is
tic
s
ar
e

z
sc
or
es



Energy Factors, Leasing Structure and the Market Price of Office...

decisions. In addition, Class A buildings are more likely to obtain an Energy Star
rating, as are larger and newer multi-tenant buildings.

As a further robustness check, we also report in Table 5 the results of a two step
Heckman test (see Heckman 1979) for sample-selection bias in transaction prices
given the investor’s choice of obtaining an Energy Star rating prior to the sale trans-
actions. These results are intended to address the two concerns identified above: 1)
we only observe the Energy Star rating if the investor determines that obtaining the
rating is NPV-positive; 2) the observed transactions prices of building are always
conditioned on the prior decision to obtain, or not to obtain, the Energy Star rating.
Because we only observe the year of the Energy Star rating, we compute the annu-
alized average near contract prices and the annualized value of the slope for power
and gas for each building in the year prior to the transaction date. If the building does
not have an Energy Star rating at or before the transaction data, we set the indicator
variable for Energy Star score to zero. We merge the building level transaction data
with market characteristics for the energy forward prices and the weather variables
are measured relative to the building’s transaction date. We then test whether there
is sample selection bias in the distribution of observed realized transaction prices,
given the Energy Star rating choice based upon the coefficient estimate on the inverse
Mills ratio reported in Table 5. As shown in column six of the table, the coefficient
on the inverse Mills ratio is positive but not significantly different from zero, so there
is no strong evidence that the observed transaction cost distribution is censored by
the Energy Star choices. This suggests that there is no evidence for sample-selection
bias in the transaction prices of certified properties that are sold.

The first-stage estimates of the probability of obtaining an Energy Star rating
prior to the sale of a building are reported in columns four and five of Table 5. Here
again, the decision to obtain an Energy Star rating appears to be associated with the
level of the electricity forward prices and with the shape of the forward curve for
electricity. Higher electricity prices make it more likely that a building will obtain
an Energy Star rating prior to the sale date, as do steeper forward curves. In con-
trast, neither changes in the level of Henry Hub natural gas prices nor the slope of
the slope of the futures curve have a statistically significant effect on the likelihood
that an Energy Star rating is achieved prior to sale. MSAs with higher variance in
maximum temperatures, higher levels of precipitation, and higher minimum weekly
temperatures over the past fifty two weeks all have a statistically significant negative
effects on the probability on the likelihood that an Energy Star rating is obtained by
building investors prior to sale. These results suggest that it is the level of electric-
ity prices, the primary fuel in office buildings, that is the driver of Energy Star rating
decisions prior to building transactions. As expected, the results show that Class A
buildings are more likely to obtain an Energy Star rating, as are larger multi-tenant
buildings.

Of course, an important caveat with these results is that we have no additional
controls for whether the buildings in the CoStar sample are actually energy efficient,
whether or not they have an Energy Star rating. Thus, our specification only repre-
sents decisions whereby the labeling decision was NPV-positive, not whether overall
objective energy-efficiency measures lead buildings, on average, to obtain an Energy
Star rating. In the next sections of the paper, we will further explore the operating
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expense and net operating income characteristics of buildings to better understand the
relation between the Energy Star label and relative building operating performance.

Empirical Results with Transactions Prices

As previously discussed, due to data limitations, all previous studies of the effects
of energy metrics or environmental and architectural factors on commercial office
building values have applied hedonic approaches similar to Eq. 3 (for examples, see,
among others, Vandell and Lane (1989), Wheaton and Torto (1994), Kotchen (2006),
Eichholtz et al. (2010), Fuerst and McAllister (2011), and Wiley et al. (2010)).
These studies usually find that the benefits of energy certification or the environmen-
tal/architectural attributes of buildings are positive factors leading to a premium on
buildings with these attributes. These results, however, say nothing about whether
the investment in the certificate or the environmental or architectural attributes are
NPV-positive or whether, in the case of energy certification, the buildings are actu-
ally energy saving. To do so requires a specification closer to Eq. 2, which controls
for costs and expected energy-related factor input prices.

Table 6 reports the results of two specifications: columns two through five report
results for the hedonic specification (for the full sample and for a subsample of build-
ings for which we have income and expense data); columns six and seven report
results for the forward-looking asset-pricing specification in Eq. 2 for the same
subsample. As shown in the Table, the hedonic specification indicates that higher
building values are associated with higher near-term power forward prices and a more
steeply sloped forward curve, even after controlling for market fixed effects. Thus,
the level of net operating income or its growth rate appears to more than compen-
sate for exposure to increased electricity costs, which is the primary energy exposure
for commercial office buildings. Higher prices for natural gas near-term futures con-
tracts have a significant negative association with building prices per square foot,
indicating that the cost effect of this factor input is not compensated by rents. The
standard deviation of the twelve-month maximum temperature has a significant neg-
ative effect on price, and the standard deviation of the minimum temperature has an
offsetting positive effect. As shown, larger class-A buildings and those buildings that
were Energy Star rated prior to sale have significantly higher transaction prices. The
statistically significant and positive coefficient estimate for the presence of an Energy
Star rating is similar to results from the hedonic specifications in prior papers. Build-
ing attributes that negatively affect building value include age, multi-tenant buildings,
and large rentable floor areas.

In columns 4 and 5 of Table 6, we re-estimate the hedonic regression for a subsam-
ple of buildings for which we have the data required to estimate the forward-looking
asset pricing specification in Eq. 2. As shown, the results are nearly identical to
those for the larger sample, although statistical significance is lessened due to the
smaller sample size. The Energy Star rating, which is based on quantitative measures
of energy efficiency of commercial office buildings, has a positive association with
the transaction prices of these buildings, however, it is only statistically significant at
p < .10.
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In columns 6 and 7 of Table 6, we control for total expenses, market capital-
ization rate (capturing the expected growth rate in rents), and net operating income
at the time of sale. In this specification, we find that the slope of the electric-
ity forward curve is positively associated with the log of building price per square
foot suggesting that auction-market bets that energy prices will rise are associated
with higher expenses per square foot and thus lower prices. The standard devi-
ation of minimum temperature also has a significant positive effect on log price
as does the minimum weekly median temperature over the past fifty two weeks
prior to the sale. These results appear to suggest that the primary driver of higher
weather-related costs is heating costs in the winter. Total expenses, the capitaliza-
tion rate, and net operating income are all economically and statistically significant,
with the anticipated signs. Higher total expenses and higher market capitalization
rates are associated with lower transaction prices, while buildings with higher net
incomes have higher prices. The revealing result is that when we control for oper-
ating expenses, factor prices, and interest, the Energy Star rating has an effect
on transaction prices that is not significantly different from zero. Of course, our
measure of operating expenses includes property taxes, labor costs, and utilities
(primarily electricity, gas, and water), so it might be highly correlated with the
Energy Star metric, as utilities are on average about 30% of total operating expenses
nationally.14

To better understand the relation between the Energy Star rating and total operat-
ing expenses, net operating income, and the capitalization rates at sale of the office
buildings, we report three separate regressions where the right-hand-side variables
are the same as in the prior tables and the left-hand-side variables are, respectively:
i) net operating income per square foot; ii) operating expenses per square foot; and
iii) the capitalization rate. The results of these regressions are reported in Table 7.
Overall, the Energy Star rating of the building does not have a significant effect on
operating expenses, net operating income, or the capitalization rate. By contrast, the
six-month lag in the one- to twelve-month electricity forward prices has a statistically
significant positive association with net operating income per square foot and a sta-
tistically negative association with the capitalization rate. These results again suggest
that rents more than fully compensate electricity prices leading to higher transaction
prices. Interestingly, the standard deviation in the maximum twelve month tempera-
ture has a statistically significant positive association with log net operating income
and a negative significant association with the cap rates, suggesting that high variance
in summer temperatures negatively affects transaction prices. The log of operating
expenses per square foot are positively associated with the the one- to twelve-month
electricity forward prices, the slope of the electricity forward curve, and the level of
the Henry Hub natural gas forward prices as expected. The standard deviation of the
minimum weather temperature conditions over the twelve months prior to the sale
also have a statistically significant positive effect on log operating expenses, but the
other weather metrics do not have statistically significant associations with operating
costs per square foot. As shown in Table 7, there do not appear to be cost economies

14Computed by the authors using various BOMA publications.
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of scale associated with multi-story Class A buildings with multiple tenants, since
these buildings appear to have economically and statistically significantly higher log
operating expenses per square foot.

Given the results in Table 7, log net operating income and log operating expenses
appear themselves to be functions of local supply and demand factors, suggesting that
controls should be introduced for the joint endogeneity of net operating income and
operating expenses in a specifications such as Eq. 2. Because the market capitaliza-
tion rate is in large part a function of the interest rate, we assume that it is exogenous.
In Table 8, we report the results for a three-stage least squares estimation of endoge-
nous log net operating income and log operating expenses as a function of exogenous
factors such as the local energy factor input prices for natural gas and electricity,
local weather conditions, building characteristics, local market fixed effects, and year
fixed effects and the Eq. 2 specification with the instrumented value of net operating
income, the instrumented value of operating expenses, and the market determined
capitalization rate.

The three-stage least squares estimation is, again, using the sub-sample of trans-
actions for which we have information on operating expenses, net operating income,
and the market capitalization rate at sale. As shown in Table 8, operating expenses per
square foot have a statistically significant and positive association with the slope of
the natural gas forward curves, implying that the higher the future bets from the auc-
tion markets on the cost of this factor input, the higher the expected operating costs
of the building. The energy factor inputs appear to have no statistically significant
effect on net operating income. A higher standard deviation of the maximum tem-
perature in the local markets has a statistically significant negative association with
log net operating income per square foot but this effect is basically offset by a higher
standard deviation in the minimum termperatures realized in the last twelve months
after controlling for local market fixed effects. Multi-tenant buildings are associ-
ated with statistically significantly higher log operating expenses and larger floor
areas rented by tenants are associated with lower log net operating income probably
due to the discounts afforded to larger block rentals and with higher log operating
expenses.

Instrumenting for operating expenses and net operating income in the price equa-
tion leads to results that are very similar to those reported in Table 6 (which does
not use a three-stage least squares estimator). As expected from Eq. 2, the cap-
italization rate, the net operating income and the operating expenses are the key
determinants of the transaction values of building. We also introduce two indica-
tor values for Energy Star ratings from the earlier period of 2003 through 2005 and
Energy Star ratings from the latest period, 2006 through 2009, when it is thought
to be more difficult to get into the top 25th percentile of energy efficiency due to
the increased competition for these scores among building owners. As shown in the
last two rows of the last column of Table 8, once appropriate controls for net oper-
ating income, operating expenses, and capitalization rates are introduced into the
pricing equation, there appears to be no significant additional effect of obtaining an
Energy Star label, even in the most recent period. Similar to Table 6, multi-story
class A office buildings with multiple tenants are associated with higher transaction
prices.
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These results suggest that the Energy Star rating can only be viewed as hav-
ing a muted effect on building transactions prices at least through the expense
channel. Accounting for the primary determinants of office building asset prices,
net rents, expenses, energy factor prices and interest rates appears to leave no
further room for either the “plaque-on-the-wall” effect or the incremental sav-
ings associated with Energy Star certification. There is, of course, one further
control that is missing from these specifications, the cost associated with actu-
ally obtaining an Energy Star rating. Given our result that the benefits of the
Energy Star certification appear to proxy for important missing factors in office
building asset prices, it is unlikely that inclusion of these costs could change our
conclusions.

Leases

Important reductions in the energy consumption of U.S. buildings are technologically
feasible, but building owners — landlords — often do not receive the proper eco-
nomic incentives to carry out the required investments. The incentive failures occur
in two related markets: the rental market, where lease contracts often inhibit energy
efficiency; and the mortgage market, where loan underwriting procedures also inhibit
energy-efficiency investments. Lease contracts contain many common basic terms
and conditions that set the terms for payments and services received between the
tenant and landlord in three dimensions:

1. Space rent: The core purpose of a lease is to identify the space provided to the
tenant and the rent paid to the landlord. The lease will also typically identify the
physical condition of the space and any improvements the landlord will provide.

2. Building operating expenses: Building operating costs include energy use,
property taxes, building operations and maintenance, and insurance. Lease con-
tracts will identify how the payments for these expenses are to be allocated
between the landlord and the tenants. The lease contracts will typically indi-
cate the quality level promised by the landlord for building operations and
maintenance.

3. Building capital expenditures: Building capital expenditures cover a variety of
investments that maintain or improve the building, including investments to
improve the building’s energy efficiency. Lease contracts will identify how the
amortized costs of these investments are to be shared between the landlord and
the tenants.

Lease contracts also indicate the period over which the contract pertains. On
longer-term contracts, the lease will indicate how payments in the three categories
will change over time, quite possibly including how rising operating costs will be
shared between the landlord and the tenants. Lease contracts may also allow a vari-
ety of options, such as allowing either the landlord or tenant to break the lease under
specified conditions.
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Lease contracts for commercial buildings commonly take one of three main for-
mats: full-service leases, net leases, and modified-gross leases. Full-service leases
require that the tenant makes a single payment that covers the tenant’s responsibil-
ity for space rent and operating expenses. The individual components are typically
not identified. This allows the landlord freedom to reduce operating expenses,
including energy costs, by making efficient capital expenditures (subject to the
minimum standard for building services and maintenance specified in the lease
contract).

With net leases, the tenant agrees to pay for both space rent and the tenant’s
actual or allocated share of the specified operating expenses. The operating expenses
may include energy, property taxes, and insurance and a lease that includes all three
expense categories is call a “triple-net” lease, but other combinations are possible.
We focus here on the set of net leases that at least include electricity, which then
requires that the tenant’s space have direct metering.

Modified-gross lease contracts specify a specific payment for the space rent and
stipulate an actual amount to be paid for operating expenses in the first year. For later
years, the landlord provides an audit of building expenses, and the tenants pays a
prorated share of the realized percentage increase in the building expenses. Modified-
gross and net leases share the feature that the tenant pays a share of the building’s
operating expenses, but on modified-gross leases, the tenant pays a prorated share of
the building’s total expenses, which are thus independent of the tenant’s actual energy
usage. For this reason, modified-gross leases are commonly used in buildings where
energy metering of each tenant’s space is not available.

Lease Contracts and Energy Efficiency: Economic Theory

Contract theory is the part of economics that studies the incentives received by con-
tract participants to take various actions. The specific implications depend critically
on the environment in which the contracting process is assumed to occur. Uncertainty
regarding a building’s energy usage, including the possibility of asymmetric infor-
mation between the landlord and the tenants, is critical to understanding the impact
of lease contracts on energy efficiency. In particular, if there were complete knowl-
edge concerning the dollar costs of energy usage, then lease contracts would have no
impact on energy efficiency.

Lease contracts have an insurance component, with the risk of high energy cost
outcomes borne by the landlord under a full-service lease and by the tenant under net
and modified-gross leases. Economic theory indicates that the best party to bear the
risk — the tenant or the landlord — will be whichever is the more risk tolerant. For
example, if the landlord is more risk tolerant, then we would expect the market to
adopt full-service leases, thus allowing the tenants to avoid the risk of unexpectedly
high energy costs.

Asymmetric information, meaning that either the landlord or tenant has better
information concerning likely energy costs, raises additional issues for the desired



Energy Factors, Leasing Structure and the Market Price of Office...

contracting outcome. For example, if the landlord can estimate the likely energy costs
with greater precision than can the tenant, then this creates a further reason for the
landlord to bear the risk as under a full-service contract. On the other hand, when the
tenant can control the amount of energy use, and would significantly expand the use
under a full-service or modified-gross contract, then a net contract may be the pre-
ferred outcome. Net-lease contracts are commonly judged to be the most conducive
for energy efficiency, because they provide tenants the greatest incentive to limit their
energy use.

The preceding discussion has taken as given the building’s energy efficiency.
Landlords, of course, may carry out capital investments that would improve the
building’s level of energy efficiency. Their incentive to do so is affected by the
building’s lease structure. Under full-service leases, all the costs and benefits of
energy investments accrue to the landlord alone, so we should expect the optimal
level of energy-efficient investment. With net and modified-gross leases, the tenant
both receives the benefits of reduced energy costs and pays the amortized costs of
the investment. However, the tenant’s occupancy horizon may not equal the expected
economic life of the capital investment, which can distort incentives to invest, espe-
cially if time patterns in the amortized costs differ from those in the energy-saving
benefits.

Empirical Tests

One implication of the preceding discussion is that energy use in triple-net
buildings should be lower, reflecting the direct incentive for tenants to min-
imize their energy bills. Although we cannot directly test this hypothesis,
we consider two specifications to explore these effects: an estimation of the
forward-looking asset pricing specification defined by Eq. 2 with controls intro-
duced for the lease contracting structure of the building; and a re-estimation
of the total operating expenses relation, again with controls for the leasing
structure.

Income and Expenses

Table 9 tests for the effects of leasing structure on log operating expenses per square
foot, log net operating income per square foot, and the ratio of log operating expenses
to log net operating income. Columns 2 and 3 report the results of regressing log
operating expenses per square foot on market and building characteristics when we
introduce controls for the dominant lease contracting structure of the building. As
shown, multi-tenant, multi-story and class-A buildings are economically and sta-
tistically associated with higher total operating expenses. Interestingly, the controls
for the full-service and modified full-service leases do not have statistically signifi-
cant effects on log operating expenses per square foot, and neither does Energy Star
certification.
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Columns 4 and 5 regress log net operating income on a full set of controls for
energy prices, Energy Star certification, building characteristics, fixed effects, and
indicator variables for full-service and modified-gross leases. We find that relative
to triple-net leases, full-service leases have a statistically significant negative rela-
tionship with log net operating income; modified-gross leases also have a negative
relationship, though not significantly so. This result, plus the result that the stan-
dard deviation of the 12 month maximum temperature also has a significant negative
effect on log net operating income, suggests that full-service and modified-gross
leases are associated with lower transaction prices because tenants are willing to
pay less for buildings that use these lease types rather than triple-net leases (where
the exact utility cost associated with each tenant is passed directly through to the
tenant). A possible explanation for this result could be that tenants perceive build-
ings with full-service and modified-gross leases do not fairly price weather shocks
and shared building-level energy usage, which are embedded as averages in their
rents.

Columns 6 and 7 report the regression of the ratio of log operating expenses to
the log of operating income on indicator variables for the lease contract terms, the
Energy Star rating, other energy, weather, and building characteristics along with
market and year of sale fixed effect controls. As shown, the relative log operating
cost to log operating income is statistically significantly higher for full-service leases,
for class A buildings and for multi-tenant buildings. From Appendix A, buildings
that are multi-tenant and class A with full service leases tend to be located in the
central business districts and tend to be multi-story glass sheathed structures. All
else equal, these buildings appear to be more costly to operate relative to their net
operating income perhaps because of unmeasured architectural or engineering fea-
tures of these buildings such as the heating and cooling inefficiencies associated with
glass sheathing. Interestingly, a higher minimum weekly median temperature over
the past fifty two weeks has a statistically significant negative association with the
ratio of log net operating expenses to log net operating income, possibly because
relatively lower temperatures moderate the high energy usage costs of hot summer
months, which, as discussed above, have a significant negative effect on log net
income.

While the small sample size and data limitations make it difficult to draw strong
conclusions about the relation between energy related building costs and leasing
structure, these results do suggest that leasing structure matters. Unfortunately, our
data set does not allow us to breakdown operating expenses into a direct measure
of the energy costs per square foot of the building which would allow us to explore
the direct channel between energy consumption and leasing structure. Nevertheless,
the results in Table 9 do present a consistent result across all three regressions that
relative to triple net leases, full-service and modified-gross leases appear to expose
building owners to more net-income risk associated with shocks to high tempera-
tures, and the use of full-service and modified-gross leases is associated with a lower
willingness to pay on the part of tenants.
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Pricing

As shown in Table 10, the results for the valuation expression are very similar
to those reported for specifications for Eq. 2, reported in Table 6, which did not
include controls for the lease contracting structure of the building. The slope of the
power forward curve has a statistically significant and positive effect on the log
price per square foot. The other energy factor prices no longer have statistically sig-
nificant effects on prices. The weather effects retain their strong and statistically
significant effects on log price per square foot even after controls for fixed effects,
although their effects of standard deviation in minimum and maximum temperatures
appear to countervail each other. Again, the importance of the Eq. 2 specifica-
tion for asset prices is borne out with the results for log net operating income per
square foot, the capitalization rate, and log expenses per square foot are all eco-
nomically and statistically significantly associated with log transaction prices per
square foot. Again, the indicator variable for an Energy Star certification at time
of sale contributes no additional explanatory power in this regression, nor does a
specification that accounts for the period in which the Energy Star certification was
received.

The indicator variables for the predominance of full-service and modified full-
service leases in the building have a significantly negative effect on transaction
prices, relative to the omitted category of triple-net leases. This appears to suggest,
as expected from the incentive structure of full-service and modified full-service
leases, that contractual inducements for tenants to minimize the utility costs of their
space-use do affect building value.

Conclusions

This paper presents an empirical analysis of the relation between energy factor mar-
kets, leasing structures and the transaction prices of office buildings in the U.S. We
employ a large sample of 15,133 office building transactions between 2001 and 2010.
In addition to building characteristics, we also include information on the operating
expenses, the net operating income, and the capitalization rates at sale to estimate an
asset pricing model for commercial office real estate assets. A further set of impor-
tant controls in our analysis is the one- to twelve-month forward contract prices and
the shape of the forward contract price curve, using auction data from the major
electricity trading hubs in the U.S. and from the Henry Hub for natural gas. We
also include weather metrics in the form of the standard deviation in the last twelve
months of minimum and maximum temperature and precipitation as well as mea-
sures of the maximum and minimum weekly median temperatures over the past fifty
two weeks from each building’s sale date. Our final set of controls includes informa-
tion on the dominant leasing structures in the buildings. Our empirical results suggest
that Energy Star labels do not explain additional variance in property prices, once the
key asset pricing factors of expenses, income and capitalization rates are included.
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Energy factor market prices, the shape of the energy price curves, and weather metrics
are consistently significant determinants of office building transaction prices, sug-
gesting that commercial office building prices are likely to be exposed to shocks in
these markets. This finding has important implications for underwriting commercial
mortgage default risk.
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Appendix A: Geographic Structure of the Transactions Data

Fig. 1 EPA Energy Star rated buildings in the Los Angeles, Riverside, and San Diego areas
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Fig. 2 EPA Energy Star rated buildings in the San Francisco, East Bay, San Jose, and Sacramento areas

Fig. 3 Lease contract types for buildings in the San Francisco, East Bay, San Jose, and Sacramento areas
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Fig. 4 Lease contract types for buildings in the Los Angeles, Riverside, and San Diego areas

Appendix B: Weather Data Construction

Theweather data were obtained fromWolfram Schlenker at Columbia University. These
data are based on the same rectangular grid system underlying PRISM that covers
the contiguous United States.15 It consists of 1405 grids in the longitude direction
and 621 grids in the latitude dimension, space equidistant 1/24 degree steps (about
2.5 miles). The data are matched to the centroid of each grid point to the fips codes
of all counties in the United States. There are 471,159 grid points with non-missing
data in the PRISM data where the centroid is matched to lie within a county.

The data include the minimum and maximum temperature (Fahrenheit), and total
precipitation (cm) for each day of the year for all of the 471,159 grids in the United
States from 1950–2010. These data are interpolated from PRISM’s monthly weather
station averages to daily data, and we aggregate them back into monthly data for our
analysis. We associate the past twelve months of weather data for each building in
the CoStar data with the weather data associated with the nearest grip point in the
Schlenker data.

15http://www.prism.oregonstate.edu/

http://www.prism.oregonstate.edu/
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Appendix C: Energy Data Construction

We extract the energy forward curve pricing from the forward contract auctions for
electricity and from the futures contracts auctions for natural gas. We follow Benth
et al. (2007), Benth et al. (2008), Geman and Roncoroni (2006), and Riedhauser
(2000), in the construction of these curves.

C.1 ForwardMarket for Power (Electricity)

The forward market for power is organized around the trading of standard packages
covering on-peak and off-peak consumption periods. Trading occurs for delivery
hubs located at the Eastern-Central regions and delivery hubs located in the Western
region of the continental United States. The Easter-Central standard forward pack-
age covers the following markets: New England, New York (several hubs), Ontario,
PJM, MISO, ERCOT South, Into Entergy, Into Southern and Into TVA. The Western
packages cover NP15 and SP15 among others. Packages for the Eastern-Central hubs
differ from those traded for the Western hub on two dimensions: the way on-peak
and off-peak are defined and the delivery months of the forward packages.

We compute the standard on-peak forward packages in Eastern and Central mar-
kets are 5x16 packages (5 days per week and 16 hours per weekday from 7:00 Am to
22:59 PM), which include power delivered during on-peak hours on weekdays and
exclude weekends and holidays .16 Similarly, on-peak forward packages in Western
markets are 6x16 packages, which include power delivered during the 16 on-peak
hours each day Monday through Saturday and exclude Sundays and holidays. The
off-peak standard packages, the forward market trade 5x8 (5 days per week and 8
hours per day) plus a 2×24 package, this includes power for delivery during the eight
off-peak hours each weekday, plus all 24 hours (around the clock) on weekends. The
standard off-peak forward package for the Western markets is a 6 × 8 delivery block
plus a 1x24 delivery block, this includes power for delivery during the eight off-peak
hours Monday through Saturday plus all 24 hours (around the clock) on Sunday.

For the Eastern-Central markets, on-peak and off-peak contracts are formulated
for the prompt month (nearest contract), second month, third month, and balance-
of-the-year in seasonal or single month packages, two full years in seasonal or
single-month packages and two subsequent calendar year packages. Separate sea-
sonal and single-month packages include the January-February winter package,
the March-April spring package, May, June, the July-August summer package,
September and the fourth quarter (from October to December).

C.2 Platts-Ice Forward Curve

Using forward contract data from Platts, we construct a daily forward curve for
power for on-peak and off-peak consumption. Platts gathers information on the power
forward market from active brokers and traders and through the non-commercial

16 Power market holidays are defined by the North American Electric Reliability Corp. (NERC).
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departments of companies. Since October 2007 this information is complemented
with the Intercontinental Exchange (ICE) quotes to form the Platts forward market
power daily assessment. Because more liquid locations and shorter term packages
trade more on ICE, while less liquid locations and longer term packages trade more
over-the-counter (OTC), Platts is able to combine these sources to build a comprehen-
sive picture of the forward market. Details of the methodology are described in the
Platts Methodology and Specification Guide - Platts-ICE electricity Forward Curve
(North America).

We select a sub-set of electricity hubs based on data availability for options and
forward contracts from Platts and by our requirement to account for the power for-
ward prices for all metropolitan areas with 150,000 employees in Finance, and
Professional and Business Services (the major office categories).17

C.3 Futures Market for Natural Gas

There is a very active market for natural gas in the U.S. Following the deregulation
of the wholesale market for natural gas in the mid 1990s, the New York Mercantile
Exchange (NYMEX) launched the trading of monthly futures contracts with similar
characteristics to those of crude oil. The standard NYMEX natural gas futures con-
tracts specify physical delivery of 10,000 MMBtu (millions of British thermal unit)
ratably delivered into Henry Hub - Louisiana. Until early 2000 NYMEX provided
monthly contracts covering maturities about 36 months out. More recently, the range
of maturities has been extended and it now covers more then six years (72 months)
on a monthly basis. The NYMEX website provides more details on how the contracts
are traded and the rules for settlement.

There is an extensive network of natural gas pipelines connecting the production
basins to large consumption areas (mainly large populated urban centers). Wholesale
physical natural-gas trading occurs in different hubs distributed in the continental
United States. These hubs are key points in the pipeline grid characterized by either
being interconnections between major pipelines and/or access points to public utility
gas companies. Of all those hubs, Henry Hub is the benchmark for price quotation.
Henry Hub’s importance stems from both as being an interconnecting point for multi-
ple pipelines and as being the most liquid point for trading spot and futures contracts.
Prices for other hubs (spot and OTC forwards) are typically quoted as a basis to
Henry Hub. These basis quotes are a very small fraction of the full benchmark quote.
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