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Abstract
Early studies have presented opposing views on the performance impact of improving
environmental sustainability. Walley and Whitehead (1994) argued that the cost of improving
environmental sustainability reduces profitability and shareholder value. Porter and van der
Linde (1991, 1995) argued that improving environmental performance reduces waste and
increases productivity thus improving financial performance. In this paper, we empirically study
the performance impact of environmental sustainability by focusing on the operating and
behavioral factors of resource consumption developed in a previous study. Using a panel dataset
featuring 984 hotel properties from 2001 to 2008, representing a comprehensive coverage of
hotels in the U.S., we examine how the key service supply chain plays (customers, operators, and
owners) may influence the operating performance frontier (Schmenner and Swink 1998) on the
issue of environmental sustainability. We found strong evidence for cost saving benefit of being
more environmentally sustainable. Both the hotel operator and the consumer behavior influence
the resource consumed. Technical efficiency, and consequently operating performance
measured as value-added per room, also benefits from an infrastructure favorable for innovation
diffusion and ways to align the customer intention and action. Further research on the green
innovation strategy and ownership structure is suggested.
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1. Introduction
The 7th goal of the United Nations Millennium Project 1 (MDG7) is to “ensure
environmental sustainability” – it called on countries around the world to improve
environmental sustainability by “ensuring that the overall productivity of accumulated human
and physical capital resulting from development actions more than compensates for the direct
or indirect loss or degradation of the environment”. MDG7 not only highlights the urgency to
harmonize productivity and environmental impact of economic activities, but points at the
direction to achieve it – maximizing the efficiency in converting our planet’s resources to
products and services – because more efficient production systems are inherently more
environmentally sustainable (Kleindorfer, Singhal et al. 2005; Corbett and Klassen 2006).
In our previous study (Zhang, Joglekar et al. 2010), we found that there are two
environmental sustainability factors – operating and behavioral – that drive the resource
consumption (energy, water, and supplies) in operating units. The goal of this essay is to
investigate how these two environmental sustainability factors affect the operating unit
performance through its influence on technical efficiency. Technical efficiency is defined as
getting the most output from a given set of inputs (Farrell 1957). Increasing technical efficiency,
therefore, directly contributes to environmental sustainability. In short, this essay begins by
asking the following research question:
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UN Millennium Project, 2005, http://www.unmillenniumproject.org/goals/index.htm. The Millennium
Development Goals.
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How do the environmental sustainability factors influence the technical
efficiency and subsequently the economic rent 2?
We research this question empirically in the context of US hospitality industry where the
operating unit is individual hotel property. From a theoretical standpoint,

research on

sustainable operations in the service settings is scarce, especially compared to the large body
of manufacturing-centered literature on sustainable supply chains and environmental
management system (Friedman and Miles 2002; Corbett and Kleindorfer 2003; Guide Jr,
Harrison et al. 2003; Kleindorfer, Singhal et al. 2005; Guide Jr and Van Wassenhove 2006;
Karaer and Lee 2007; Linton, Klassen et al. 2007; Lee and Klassen 2008). Our empirical study
contributes to the theory building by taking into consideration the unique nature of service
operations (Sampson and Froehle 2006). For practical consideration, the hospitality industry
measures resource consumption and tracks asset valuation, allowing empirical investigation of
key barriers to environmental sustainability such as the split incentive issue 3 and the lack of
information about energy consumption patterns (Schleich and Gruber 2008).
The rest of the paper is organized as follows: In Section 2, we review the relevant
literature and develop a set of hypotheses regarding how environmental sustainability factors
influence the technical efficiency of operating units. The performance frontier framework
(Schmenner and Swink 1998) is adopted to understand performance of the operating units
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Economic rent here refers to the amount of money needed to breakeven when resources (e.g., land, capital, etc.)
are used for a given purpose. It is interpreted as the value-added of hotel operations in this research.
3
The investor/user dilemma can be attributed to the diverging performance objectives of the parties involved in
the same property, often observed in the landlord-tenant setting. If a company is renting office space, neither the
landlord, nor the company (tenant) may have an incentive to invest in energy efficiency, although both parties may
benefit from appreciation in building value or the energy cost savings as results of increased energy efficiency. The
landlord will not invest in energy efficiency if the investment costs cannot be shared with the tenant. On the other
hand, the tenant will not invest if the lease expires or terminates before the investment costs are recouped.
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within the industry. In Section 3, we describe the research design and the Statistical Frontier
Analysis (SFA) methodology. Section 4 reports the results obtained from SFA. In Section 5, we
conclude the paper with a discussion on the research and managerial implications of the
findings.

2. Theory Development
In this section, we first review the research streams in operations management on
sustainability, by building on several review papers in the relevant fields. We will then focus on
the literature linking sustainability factors and performance and develop a set of hypotheses
within the framework of performance frontier.
Sustainable Operations Management - Overview
We share the view with other researchers (Angell and Klassen 1999; Corbett and Klassen
2006) that research in sustainability should take a broad and multidisciplinary approach. We
also recognize that the operations management research has the advantage of leveraging
knowledge gained in fields such as Total Quality Management (TQM) and Supply Chain
Management (SCM) to address the environmental sustainability challenge. For instance, TQM
galvanizes the whole organization to increase conformance to customer specification and
reduce waste (i.e., defects and resources consumed not towards finished products). Sustainable
operations go one step further in the waste reduction – all resources used in the production
and consumption stages should be examined and wasted resources minimized.

In addition,

integrating sustainability into SCM not only requires the coordination of all the businesses along
the supply chain but considers the reverse logistics coming back from the point of consumption
3

(Guide Jr, Harrison et al. 2003; Kleindorfer, Singhal et al. 2005; Guide Jr and Van Wassenhove
2006).
Angell and Klassen (Angell and Klassen 1999) described a framework generated by a
focus group of environmental and operations management researchers. Strong opportunities
for building understanding of environmental issues and improving practice were identified in
the areas of manufacturing strategy, quality, supply chain management, and technology
management. In addition, research on intra- and inter-firm diffusion of best practices,
environmental technology investment and transfer, and measurement of environmental
performance promises to lead to a more integrative view of environmental operations
management. Several years later, Kleindorfer and colleagues (Kleindorfer, Singhal et al. 2005)
reviewed 50 issues of POM articles that touch on sustainability. Research foci such as
environmental management, closed-loop supply chains, and a broad perspective on triplebottom-line thinking, integrating profit, people, and the planet into the culture, strategy, and
operations of companies were identified, showing significant overlap with Angell and Klassen’s
framework.
Indeed, the diffusion and performance implication of Environmental Management
System has drawn significant attention from the researchers (Corbett and Kirsch 2001; Melnyk,
Sroufe et al. 2003; Sroufe 2003; Vastag 2004; Corbett, Montes-Sancho et al. 2005; Albuquerque,
Bronnenberg et al. 2007). Within that stream, topics such as the intertwined relationship
between lean and green (King and Lenox 2001; Zhu and Sarkis 2004) and the role of external
stakeholders (Delmas 2001), were also explored.
4

How to integrate sustainability with supply chain management is another research
question led to prolific publications (Guide Jr, Harrison et al. 2003; Savaskan, Bhattacharya et al.
2004; Guide Jr and Van Wassenhove 2006; Linton, Klassen et al. 2007). Major attention is on
closed loop supply chain which focuses on reverse logistics and remanufacturing. The supply
chain partners’ capability development dynamics (Lee and Klassen 2008) is a relatively new
theme within this stream.
Overall, there is a strong emphasis in the operations management field to investigate
sustainability in the context of manufacturing, attention to the service sector has been lacking
except for a few studies (for example, Kassinis and Soteriou 2003).

Environmental Sustainability and Performance
Early studies have presented opposing views on the operating performance impact of
improving environmental performance. Porter and van der Linde (1991; 1995) argued that
improving environmental performance reduces waste and increases productivity thus
improving corporate performance. These authors described a dynamic competitive advantage
that rests on the capacity for innovation and improvement which shifts the constraints rather
than on static efficiency or on optimizing within fixed constraints. Walley and Whitehead
(1994), on the other hand, argued that environmental initiatives that systematically increase
profitability are rare and that managers must acknowledge the trade-offs between economic
competitiveness and environmental protection. The environmental managers were then
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advised to concentrate on enhancing the efficiency and effectiveness of environmental
spending.
The debate between win-win vs. trade-off regarding sustainability-performance linkage
largely originates from the theoretic appeal of environmental sustainability but inconsistent
empirical performance findings (Dowell, Hart et al. 2000; King and Lenox 2001; King and Lenox
2001; King and Lenox 2002). Intending to identify the circumstances most likely to lead to a
win-win situation, Ambec and Lanoie (2008) reviewed empirical evidence of improvement in
both environmental and operating performance, and proposed several venues and firm
characteristics that are conducive to the win-win scenario. We’ll further expand these venues
and their relationship with the operating units’ characteristics under the framework of
performance frontier in the following sections.
Moving towards Performance Frontier
The Theory of Performance Frontier (TPF) defines the performance frontiers as “… the
maximum performance that can be achieved by a manufacturing unit given a set of operating
choices” (Schmenner and Swink 1998). The performance frontiers consist of an operating
frontier and an asset frontier. The asset frontier reflects the structural decisions such as
capacity, sourcing, facilities, and information technologies. The operating frontier corresponds
to the infrastructural decisions such as operational policies and control systems (Hayes, Pisano
et al. 2005, Page 41). These frontiers reflect the performance of the ‘best practices’ in the
industry. In other words, TPF provides an overarching framework for understanding –
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•
•
•

how an operating unit’s performance compares with best-in-class,
what operating unit characteristics may be the contributing factors, and
how to move closer to the frontier.

We argue that TPF framework is appropriate for investigating whether and how the
environmental performance is related to the operating performance, because heterogeneous
operating unit characteristics also include those with strong environmental consequences.
Figure 1 illustrates how the TPF framework may be applied to the environmental sustainability
issue in the hospitality industry.
Figure 1 Linking environmental sustainability factors with operating performance

One angle to identify the environmentally significant characteristics is through analyzing their
impact on a wide range of stakeholders (Corbett and Klassen 2006). The key stakeholders in
the hospitality industry can be identified following the service supply chain (Figure 2). In the
sections follow, we propose a set of hypotheses based on the effect of environmentally
sustainable operations on the key players along the service supply chain, starting from the last
mile of the service supply chain – the customers.
7

Expand Access to Environmentally Conscious Customers
It is argued that efforts in sustainability improvement may be driven by two forces: 1)
Public purchasing. For example, affirmative procurement programs for EPA-designated
products may push firms that supply the US government to adopt more environmentally
conscious practices; and 2) Pressure from downstream business customers. For example, Walmart recently made headlines when it required all its suppliers to provide information to
calculate their sustainability index. It can be reasoned that Wal-mart may use that information
to stipulate higher environmental standard to improve the sustainability profile of Wal-mart.
And the improvement effect will trickle up the supply chain.
In the hospitality industry, the guests are the key customers of the hotel operations.
Adopting environmentally sustainable hotel practices can increase market reach as customers
become more environmentally conscious. Anecdotal evidence indicated that more and more
companies require certain sustainability practices (such as linen program, recycle infrastructure,
etc.) when they decide which hotels to be included in the selections for their employees on
business trips. It stands to reason that hotels that have a larger percentage of group income
mix may be under higher pressure to adopt green practices and therefore lead others in
sustainability performance, and possibly operating performance as well.
Customer Pull Hypotheses:
• Hotels that have a higher percentage of group income mix have higher technical
efficiency.
• Hotels that have a higher percentage of group income mix have better operating
performance.

8

Reduce Cost of Materials
In hotel operations, the non-labor expenses such as energy, water & sewer, and supplies
for the Rooms, F&B departments and maintenance departments constitute between 11 to 19%
of total revenue per available room. Cost reduction therefore becomes one of the earliest
motivations for pursuing environmental sustainability. For example, linen programs and energy
efficient compact fluorescent lights are proven initiatives that save utility costs.
Our earlier study identified two underlying factors – operating and behavioral – that
drive the consumption of fundamental resources such as energy, water, and supplies in the
hotel operation. Expenses that are at the discretion of the operators, such as maintenance and
utilities, contribute to larger weights in calculating the operating factor. Expenses that are more
driven by the guest behavior such as linens and supplies contribute to larger weights in
calculating the behavioral factor.

Therefore, this two-factor measure helps separate the

resource consumption in the service co-production process (Sampson and Froehle 2006) based
on its contributors. Consequently, both customers and operators have their roles to play in
order to achieve higher technical efficiency by reducing resource consumption.
Cost Benefit Hypothesis:
•
•

Hotels that use less operating factor driven resources have higher technical efficiency,
and consequently higher operating performance.
Hotels that use less behavioral factor driven resources have higher technical efficiency,
and consequently higher operating performance.

Differentiate Offerings

9

What people say and what they actual do often disagree. For example, Ambec and
Lanoie (2008) cited a French study (Guilloux, 2006) which showed that 80% French adults say
they favor the purchase of eco-products, while 10% say they actually make such purchases
regularly. As a result, hotels pursuing higher environmental sustainability should also be aware
of the key difference between intention and actions. Credible certificates, such as LEED and
Energy Start, are important for the guests to evaluate the authenticity of the green practices,
and effective in addressing “green washing” concerns. Secondly, although greener doesn’t
necessarily mean more expensive, certain environmental features do incur premium.
Therefore, guests’ willingness to pay must be considered. Economy hotels operate on razor
thin margins may have much less room for differentiation. On the other hand, hotels that
provide more amenities and enjoy higher margins may be in a better position to reap the
benefits from eco-friendly services.
Operator Push Hypothesis:
•
•

Hotels that serve higher end markets have higher technical efficiency.
Hotels that serve higher end markets have better operating performance.

Diffuse Know-how
In their search for better environmental performance, operating units may do research
and development in the area of pollution control and pollution prevention technologies and
procedures. Positive results from the R&D not only help optimize the individual operating
unit’s resource and waste management processes but may spill over to other parts of the
corporation. Some of the results may be coded in operating procedures, while others are tacit
know-how that is closely linked with the human capital.
10

In the US, the governance structure of hotels is dominated by franchise (nearly 70%),
and management contract (nearly 30%), with a small number of individual owners. In the
franchise arrangement, the franchisor stipulates franchisees’ operating standards, and the
individual franchisee hires general manager to implement them.

This structure may be

favorable for the diffusion of the codified green practice. However, there is likely to be higher
barrier for tacit know-how to spread because each franchisee operates more or less
independently. In the management contract arrangement, the general managers may belong
to the same corporate specializing in hotel management. The corporate may have structure in
place to promote the diffusion of good practice.
Governance Structure Hypothesis:
•
•

Hotels operated by management company have higher technical efficiency.
Hotels operated by management company have better operating performance.

Reduce cost of capital
There has been a proliferation of green (ethical) mutual funds, socially responsible
investment, and bank/insurer evaluation of potential liability owing to pollution assets. Ambec
and colleagues (2007)

reviewed dozens of studies that showed significant stock market

reactions to environmental events and environmental management system adoption. In the
long run, stock market signals are considered in the determination of cost of capital.
As mentioned in the introduction, hotels sometimes are owned by the operators
themselves, while other times owners and operators are separate entities. This ownership
structure is likely to affect the adoption and implementation of green practices, because when
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the owner is also the operator, there is a synergy between energy cost savings and long-term
reduction in cost of capital.
Ownership Hypothesis:
•
•

Owner managed hotels have higher technical efficiency.
Owner managed hotels have better operating performance.

Figure 2 summarizes the five sets of hypotheses within the service supply chain framework in
the context of hospitality industry.
Figure 2 Framework for linking of environmental sustainability and operating performance in service supply chains

Hospitality Service Supply Chain

Asset
owner
-

Ownership structure

Operator
-

Cost benefit (operating)
Operator push (differentiation)
Governance structure (management)

Customer
-

Customer pull
cost benefit
(behavior)

Hypotheses on environmental sustainability, technical efficiency,
and operating performance

3. Methodology
We have chosen to study the hospitality industry for its unique setting as an ongoing
natural experiment of environmental sustainability issues within the built environment. First,
the hospitality industry is characterized both as a real estate investment for the building owners
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and as a service opportunity for the hotel operators. Second, the hospitality industry measures
its performance in terms of return on assets and operating performance. Therefore, this
industry provides a unique opportunity to observe the externalities associated with sustainable
operations. More broadly, the potential impact of insights from studying the hospitality
industry is significant. In the US, the built environment accounts for more than 40 percent of
total energy consumption and 34% greenhouse gas (GHG) emissions (see Appendix Figure 1).
Reducing the environmental impact of buildings has, therefore, been recognized as a
substantial goal within the sustainability movement. According to the American Hotel and
Lodging Association (AHLA), a 10% reduction in energy consumption across the hotel industry
alone is equivalent to taking almost 1,000,000 cars off the road for one year 4.
We empirically test the hypotheses depicted in Figure 2 at the operating unit level – the
individual hotel unit – rather than at the industry or firm level. Focusing the research at the
operating unit level offers two major advantages. First, the investigation is conducted at a
sufficiently high level to gain insights into the coordination and cooperation among functional
areas. Prior research (for example, Ichniowski and Shaw 1999) illustrated using plant or
production-line data to test hypotheses on the nature of organizational capabilities. Second,
relative to firm-level research, more fine-grained insights into the operating capabilities are
achievable. For example, Lieberman and Dhawan (2005) studied the intra-firm differences in
manufacturing efficiency in the global auto industry. However, automakers are large
enterprises consisting of very diverse operating units among which the manufacturing plants
are likely to operate very differently from the financing units. As a result, firm-level analysis do
4

http://www.ahla.com/content.aspx?id=3616
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not support the granularity necessary to tease out the heterogeneity in operating
characteristics or the complex governance and ownership structures at the operating unit level.
We obtained an eight-year panel dataset of 984 hotel properties’ operating statements
from 2001 to 2008. These hotel properties are located in 48 U.S. states and Washington DC,
representing all major U.S. hotel chains (Figure 2 in Appendix shows the geographic distribution
of the hotels in the sample). Revenue and expenses data were collected on all aspects of the
hotel operations. This dataset comprises the most comprehensive and detailed description of
hotel operations in the US. Detailed description of the expense variables (i.e., energy, water,
and supplies) and the development of the environmental sustainability factors can be found in
our previous study (Zhang, Joglekar et al. 2010). Building on the environmental sustainability
factors as measures of key resource inputs consumed in production process, we apply the
stochastic frontier analysis method (SFA) (Aigner, Lovell et al. 1977; Meeusen and van den
Broeck 1977) to study the effect of environmental sustainability on technical efficiency and
performance in hotel operations. The panel data analysis identifies the performance frontiers
of the hotel properties and traces changes in the frontiers over time.

By modeling

heterogeneous operating characteristics as well as stochastic noises and measurement errors,
SFA is uniquely suitable for analyzing the drivers of technical efficiency differentials across
operating units. The model accompanying the framework in Figure 1 can be specified as
following:
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ln((Value-added per room)it)
= β0 + β1 *Capitalit + β2*Laborit
+ Vit – [δ1*(Group Income Percentage) it + δ2*(Behavioral Factor) it  Customer
+ δ3*(Operating Factor) it + δ4*(Lower-tier) it + δ5*(Mid-tier w/o F&B) it
 Operator
+ δ6*(Mid-tier w F&B) it + δ7*(Upscale w/o F&B) it + δ8*(Mgmt Contract) it
+ δ9*(Owner Managed) it
 Owner
+ δ10-17*(Dummies for Climate Zones) it + δ18*(ln(Occupancy) it )
+ δ19*(Scale of Operation) it + ωit]
(1)
The control variables include the geographic locations, the occupancy rate and the scale of
operation measured by the number of rooms in the hotel property. If there is economy of scale,
technical efficiency will be positively correlated with the scale of the operation.

Higher

occupancy rate yields a larger denominator for fixed costs, therefore we may see positive
relationship between technical efficiency and occupancy. Because a large percentage of energy
is used for heating, cooling and lighting, we expect to see variation across the geographicallybased climate zones. The omitted group for the climate zone dummies is the Southwest region.
The classification of the climate zone and US states is listed in Appendix Table 4.
We estimate variants of Model (1) using the panel data model proposed by Battese and
Coelli (1995), in which the non-negative technical inefficiency effects are assumed to be a
function of firm-specific variables and time. The inefficiency effects are assumed to be
independently distributed as truncations of normal distributions with constant variance, but
with means which are a linear function of observable variables. The omitted group for the chain
segment dummies is the upper-tier with F&B services.

4. Results
15

We use an Econometrics package named

LIMDEP version 9.0 (Greene 2007)

to

estimate the coefficients. Due to large number of missing values, LIMDEP encountered error
when the ownership variable (δ9, Owner-Managed) was included in the model. The table
presented below shows results from estimating operator only variables and the one with
operator and customer variables:
Table 1 SFA results on the operator only and operator & customer models:

Production output - ln(Y)
Y: Value-added per room
Production inputs
Capital proxy (lnK)
Total labor (lnTL)
Technical inefficiency -[]
Group income percentage
Behavioral factor
Operating factor
Lower-tier
Mid-tier without F&B
Mid-tier with F&B
Upper-tier without F&B
Management contract
Owner Managed
Alaska
Hawaii
Highplains
Midwest
New England
Northwest
Southeast
Southern
ln(Occupancy)
ln(number of rooms)
Log likelihood function
Info. Criterion: AIC
Info. Criterion: BIC
Info. Criterion: HQIC

Operator only model
coefficient

Operator + Customer model
coefficient

0.28**
0.29**

0.03**
0.52**

0.26**
0.24**
-0.56**
-0.38**
0.25
-0.42*
-0.27**
-

-0.001
0.02**
0.04**
-0.001
-0.002
-0.917
-0.001
-0.000
-

-0.21
-1.63**
0.19*
-0.08*
-0.69**
-0.22**
-0.17**
-0.19**
-2.67**
-1.14**
-3153
0.807
0.826
0.813

-0.000
-0.000
-0.000
0.986
-0.003
-0.001
-0.001
-0.001
-0.002
-0.04**
-7699
1.962
1.982
1.969

** p-value < 0.01 *p-value < 0.05
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Based on the information criteria (AIC, BIC, and HQIC) and the log likelihood function, the
operator only model is a better fit for the data than the one considering both customer and
operator. The coefficients and their p-value in Table 1, suggests following results regarding the
hypotheses:
Table 2 Hypotheses test results

Hypotheses
Customer Pull
Cost benefit

Operator Push

Governance structure
Ownership

Results
not significant, but correct sign
supported, both environmental sustainability factors (behavioral as
well as operating) have positive and highly significant coefficients,
indicating a negative effect on the technical efficiency and
consequently the operating performance  Reducing resource
consumption and increasing technical efficiency requires the joint
effort from hotel guests and operators
not supported, hotels targeting the lower-end market (lower-tier,
mid-tier w/o F&B, and upper-tier without F&B) have higher
technical efficiency, and higher operating performance measured
by value-added per room
supported, hotels under management contract have higher
technical efficiency, and higher operating performance
unable to test due to missing data

The control variables have significant coefficients, indicating that utilization and economy of
scale both contribute to the technical efficiency and operating performance. The reference
group for the regional dummies is the southwest region. Except for hotels in the highplains,
which have lower technical efficiency than those in the southwest region, possibly due to the
much colder climate, hotels in the rest of the contiguous US regions have higher technical
efficiency than those in the southwest region. One possible explanation is that the stricter
environmental regulation environment inflicts additional cost on the operating units. Further
analysis is needed.
17

5. Discussion
In its simplest form, the service supply chain in the hospitality industry is comprised of
the asset owner, the hotel operator, and the customers. As a result, the operating unit is at the
crux of ownership, governance structure, and customer contact. Improving environmental
sustainability in this context calls for a framework that explicitly considers the influences from
the owners, operator and customers.

Applying the Theory of Performance Frontier, we

examine how to maximize the technical efficiency when these supply chain partners join in
converting fundamental inputs such as resources, capital, and labor to output at the operating
unit level. Reducing resource consumption is still a sure way to achieve high technical efficiency.
There is strong evidence suggesting that operating units with higher environmental
sustainability factor scores have significantly higher technical inefficiency, and consequently
better operating performance. More important, we found that environmental sustainability
improvement must be joint effort from the guests and the operators. In a service setting, coproduction between the customers and the operators is accompanied by co-consumption of
resources by the same parties.
Anecdotal stories suggest that customers increasingly ask for more environmentally
friendly service offerings. Our research found directional (not statistically significant) support.
The lack of a credible industry wide standard for benchmarking environmental sustainability
may be a major barrier to customer decision making.
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This finding also suggests that the

divergence between customers proclaimed preference and willingness to pay should not be
overlooked.
The win-win scenario for environmental sustainability requires innovation. As lowhanging fruits such as linen programs and energy-efficient appliances and fixtures turn into
industry standard, it becomes increasingly difficult to innovate without significant investment.
Operating on a thin margin, budget hotels, therefore, are hypothesized to be at a disadvantage
when it comes to paying the premium for higher environmental sustainability. However, the
evidence from the SFA seems to suggest the opposite – the lower end hotels are more
technically efficient. The intriguing finding seems to suggest that the green innovations in the
period investigated command high premium and the payback period is long. From a strategic
standpoint, to be the first mover or the fast follower becomes a relevant issue.
Diffusion of environmental sustainability know-how is critical. The governance structure
is posited to influence the infrastructure which may in turn affect how knowledge is acquired
and disseminated in the organization. Evidence suggests that operating units that are managed
under contracts tend to be more technically efficient. This finding, however, does not suggest
that a certain governance structure is preferred. Rather, identifying the relevant infrastructure
decisions that are favorable for diffusion innovation is the key for improving environmental
sustainability across the industry.
To summarize, this research contributes to both managerial practice and theory
development. For practice, it sheds light on the link between resource consumption and
technical efficiency at the nexus of service supply chain and sustainability. The managerial
19

insights generated from this research are applicable to similarly structured industries such as
retail and commercial real estate, while the policy implications can potentially be applied to
both commercial buildings and residential buildings. For operations management theory, this
study extends sustainable operations research to consider multiple players with conflicting
objectives and private information within the framework of performance frontiers.
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Appendix

Figure 1 a. Left panel: EIA / Annual energy review (2008); b. Right panel: Pew Center on Global
climate Change GHG emissions (2004)

Figure 2 Geographic density of hotel distribution in the sample and top metropolitan areas in the US
(2001-2008)
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Table 3 Aggregate statistics of some key variables (2001-2008)

Variable

Obs

Mean
3958.305

Std. Dev.
2281.165

Min

Max

recordid

7872

1

7872

ownerop

1745

0.771

0.420

0

1

propertyid

7872

7432.244

4875.887

111

16320

year

7872

2004.500

2.291

2001

2008

currentrooms

7872

230.719

234.323

45

2860

occupancy

7872

0.682

0.097

0.304

1.001

lnoccupancy

7872

-0.394

0.150

-1.191

0.001

mixtrst

6330

0.808

0.217

0.112

1.000

mixgroup

6330

0.149

0.177

0.000

0.860

mixcontract

6330

0.004

0.034

0.000

0.636

crevpar

7872

75.434

44.757

14.635

429.910

BEHF

7845

0.000

1.370

-4.348

13.422

OPF

7845

0.000

1.368

-4.286

19.184

lower

7872

0.127

0.333

0

1

midnofb

7872

0.343

0.475

0

1

midfb

7872

0.078

0.268

0

1

upnofb

7872

0.067

0.249

0

1

upperfb

7872

0.385

0.487

0

1

AK

7872

0.003

0.055

0

1

HI

7872

0.006

0.078

0

1

highpl

7872

0.027

0.163

0

1

midwes

7872

0.095

0.293

0

1

neweng

7872

0.172

0.377

0

1

northw

7872

0.058

0.234

0

1

seast

7872

0.236

0.425

0

1

south

7872

0.202

0.402

0

1

sowest

7872

0.201

0.401

0

1

mgmtcon

7872

0.292

0.455

0

1

franchise

7872

0.708

0.455

0

1

lnGOPprm

7852

3.445

0.641

-0.871

5.554

lntotallaborprm

7872

3.036

0.802

1.494

5.982

lnTaxInsprm

7871

1.402

0.639

-3.687

4.764

lnsize

7872

5.213

0.589

3.807

7.959
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Table 4 US states and climate zone classification (Source: National Climatic Data Center)

Region
new England
northwest
southwest
highplains
midwest
southern
southeast
HI
AK

States abbr.
CT DE DC ME MD MA NH NY PA RI VT WV NJ VA

ID MT OR WA WY
CA CO NV NM UT AZ
KS MN NE ND SD
IL IN KY MI MO OH WI IA
AR LA OK TX MS
AL GA FL NC SC TN
HI
AK

26

