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Abstract

The purpose of this study is to analyze whether a manufacturer’s product innovation in response to
environmental standards produces a competitive advantage, as the Porter hypothesis suggests. If a
product with environmentally friendly attributes that are innovated in response to environmental
standards is preferred in the market, the product can receive a price premium for its attributes. The
main findings from our hedonic price regression for refrigerators, using Japanese retail market data
during the period 1998-2012, are as follows. First, the attribute-adjusted refrigerator price has
decreased drastically in last 15 years, which implies that the fundamental value of “refrigerating” has
been commoditized. Second, price premiums are found for products that have been innovated in
response to environmental standards to be chlorofluorocarbon (CFC)-free and use energy more
efficiently. Third, the price premiums for these attributes show specific trends during this period. A
CFC-free product initially received a high price premium; however, the premium decreased and
became 0. On the other hand, although an energy-consumption-efficient product did not receive a high
price premium initially, the price premium increased every time manufacturers faced new or revised
environmental standards. These findings prove that product innovation in response to environmental
standards can create a competitive advantage where product commaoditization has occurred, and that
the trends in the price premiums for environmentally friendly attributes are not unique for CFC-free

and energy-consumption-efficient products.
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1. Introduction

Recently, many manufacturers have proactively implemented environmental initiatives. This
suggests that manufacturers who are reputedly primary polluters through their production activities
internalize environmental issues that are regarded as external diseconomies (Dessus and Bussolo,
1998). Although manufacturers conducting environmental initiatives may lose their competitiveness
because of additional costs (Porter and van der Linde, 1995), many previous studies including Hart
and Ahuja (1996), Russo and Fouts (1997), King and Lenox (2002), Darnal et al. (2007), Zeng et al.
(2010), lwata and Okada (2011) and Nishitani et al. (2014) provide counterevidence. Indeed, there are
several paths for manufacturers to achieve a competitive advantage by conducting environmental
initiatives proactively. On the demand side, for example, manufacturers can increase their market
share and/or charge higher prices for their products to reflect the environmental preferences of their
consumers (Khanna et al., 1998; Khanna, 2001). On the supply side, they can reduce their production
costs by improving productivity, which simultaneously reduces environmental burdens and material
inputs (Hart and Ahuja, 1996; Russo and Fouts, 1997). Thus, the implementation of proactive
environmental initiatives depends on a favorable cost—benefit relationship.

According to the Porter hypothesis, environmental standards® can encourage a manufacturer to
innovate proactively, and consequently achieve a competitive advantage (Porter and van der Linde,
1995). A product’s environmentally friendly attributes are one of the most significant outcomes of the
(product) innovation in response to environmental standards. Because incorporating satisfactory
levels of both environmental and traditional attributes in a product is technically challenging for
manufacturers, manufacturers of products with such attributes can achieve a competitive advantage by
setting a selling price that reflects the environmental value through a price premium (Shrivastava,
1995; Chen, 2001; Forsman, 2013). Many previous studies supported the view that to achieve this,
consumers must have a preference or willingness to pay for the environmentally friendly product.

For example, using a hedonic price approach with data from the Elrick and Lavidge Computerized
Audit Program database of refrigerators in 1987/1988, 1990, and 1993, Greening et al. (1997) found
that higher annual energy consumption, given the energy performance standards in the US, decreased
the selling price of refrigerators although the effect was small. Nimon and Beghin (1999), using a
hedonic price approach with apparel data from retail catalogs in the US in 1996, found that the use of
organic cotton increased the selling price of products using eco-labels whereas environmentally
friendly dyed and nondyed products did not. Products using organic cotton were 33.8% more
expensive on average. Using choice-based conjoint analysis with data from interviews with consumers
of washing machines in Switzerland in 2004, Sammer and Wistenhagen (2006) found that energy

efficiency increased the selling price of products through energy-efficiency labels that rated this

! Environmental standards include environmental policy and regulation.
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attribute of the product. For example, a product rated class A had a 30% higher price premium than a
product rated class C. Using a hedonic price approach with monthly point-of-sales (POS) data of
refrigerators in the Japanese retail market during 1998-2006, Itoh (2008) found that a product with
environmentally friendly attributes such as being chlorofluorocarbon (CFC)-free and/or
energy-consumption efficient had price premiums attached to them. Using a hedonic price approach
with data from the refrigerator market in Spain in 2009, Galarraga et al. (2011a) found that energy
efficiency increased the selling price of refrigerators through energy-efficiency labels that rated this
attribute of the product. A product rated class A+ had an 8.9% price premium relative to one rated class
A. Using a hedonic price approach with data from the dishwasher market in Spain in 2009, Galarraga
et al. (2011b) found that energy efficiency increased the selling price of dishwashers directly and
indirectly through energy-efficiency labels that rated this attribute of the product. A product with high
drying efficiency was 10% more expensive and one rated class A+ was 15.6% more expensive than
one rated class A. Using a hedonic price approach with monthly POS data for air-conditioners in the
Japanese retail market for 2008-2011, Morita et al. (2012) found that a product with higher annual
performance factor, namely higher energy efficiency, could be sold for a higher price. Using a mixed
logit model with experimental data in 2008, Michaud et al. (2013) found that consumers would pay
premiums for the environmentally friendly attributes of nonfood agricultural products. Consumers
would pay €1.73 for a rose with the Fair Flowers Fair Plants eco-label and €4.09 for one with a
low-carbon footprint, whereas they would only pay €1.40 for one without these environmental
attributes.

However, the focus of these studies, apart from Itoh (2008), was generally the environmental
preferences of consumers. How this value would contribute to a manufacturer’s competitive
advantage from the perspective of product strategy was not discussed. Therefore, the purpose of this
study is to analyze whether a manufacturer’s product innovation in response to environmental
standards produces a competitive advantage. We expect that if a product with environmentally friendly
attributes that are innovated in response to environmental standards is preferred in the market, the
product can receive a price premium for these attributes.

Refrigerators are an appropriate product for the estimation of price premiums because they have
several environmentally friendly attributes that reflect several environmental standards. These
attributes are CFC-free and energy-consumption efficiency (lower CO, emissions). Indeed, CFC and
CO, emissions are major contributors of ozone layer depletion over the Antarctic continent and global
warming, respectively, which are major environmental concerns, and manufacturers have been
required to implement environmental initiatives to reduce these contributors and meet environmental
standards set by international treaties such as the Montreal Protocol and Kyoto Protocol.

This study uses monthly POS data of refrigerator sales in the Japanese retail market for the period

1998-2012, and estimates the price premium of environmentally friendly attributes using a hedonic



price regression. The main findings are as follows. First, the attribute-adjusted price has decreased
drastically in last 15 years, which implies that the fundamental value of “refrigerating” has been
commoditized. Second, products that are CFC-free and energy-consumption efficient following
innovation in response to environmental standards have a price premium. Third, the price premiums
for these attributes have specific trends during the period. A product that is CFC-free initially received
a high price premium; however, the premium decreased drastically and became zero. On the other
hand, although a product with energy-consumption efficiency did not receive a high price premium
initially when manufacturers faced new environmental standards or revisions, the price premium
increased each year. These findings prove that product innovation in response to environmental
standards can create a competitive advantage where product commoditization has occurred, and the
trends in the price premiums for environmentally friendly attributes were not similar for CFC-free and
energy-consumption-efficient products.

This paper is divided into the following sections. Section 2 discusses the Porter hypothesis,
environmental standards, product innovation, and their application to refrigerators in the Japanese
retail market. Section 3 outlines our research design including estimation models, data, and variables,

and Section 4 provides the estimation results. Section 5 presents some concluding remarks.

2. Porter hypothesis, environmental standards, and product innovation

Porter and van der Linde (1995) suggested that properly designed environmental standards can
trigger innovation that may partially or more than fully offset the compliance costs, which is widely
known as the Porter hypothesis. This implies that a manufacturer can achieve a competitive advantage
through innovation in response to properly designed environmental standards. That is, it is possible
that the properly designed environmental standards will increase a manufacturer’s incentive to
innovate in order to resolve the environmental issues.

Innovation to resolve environmental issues through environmental improvement is called
environmental innovation, regardless of whether the environmental improvement is the main
objective of the innovation or not (OECD, 2008; Forsman, 2013). Environmental innovation can result
from environmental standards for the following reasons. First, regulation signals manufacturers about
likely resource inefficiencies and potential technological improvements. Second, regulation focused
on information gathering can achieve major benefits by raising corporate awareness. Third, regulation
reduces the uncertainty about whether environmentally beneficial investments will be valuable.
Fourth, regulation creates pressure that motivates innovation and progress. Fifth, regulation levels the
transitional playing field. During the transition period to innovation-based solutions, regulation
ensures that one manufacturer cannot opportunistically gain position by avoiding environmental

investments (Porter and van der Linde, 1995). Thus, for example, environmental standards help a



risk-averse manager to overcome the self-control problem that may miss good investment
opportunities in innovation because they are too risky or costly (Ambec et al., 2013).

The Porter hypothesis has various versions: a weak version (properly designed environmental
regulation may spur innovation), a strong version (environmental regulation can lead to an increase in
manufacturer competitiveness), and a narrow version (flexible regulatory policies give manufacturers
greater incentives to innovate and thus are better than prescriptive forms of regulation) (Jaffe and
Palmer, 1997; Ambec et al., 2013). The difference especially between the weak and strong versions
and the narrow version might be because the strictness of environmental standards varies among the
different types of environmental issues in terms of degree of risk to ecosystem and human health,
impact on economy, and urgency to be resolved.

Environmental innovation can be discussed in terms of product innovation and process innovation.
According to Schumpeter (1934), product innovation is defined as ““the introduction of a new good ...
or a new quality of a good,”” and process innovation as “the introduction of a new method of
production ... or a new way of handling a commodity commercially” (Pianta, 2005). Therefore,
competitive advantage arises from innovation that offers products with superior value that justify
premium pricing and/or that improves productivity that enables aggressive pricing and high sales
volume through cost reduction (Porter, 1980, 1985; Hambrick, 1983; Porter and van der Linde, 1995;
Hart, 1995; Husted and Allen, 2001; Pianta, 2005). Because product innovation and process
innovation do not conflict, most innovative manufacturers introduce them at the same time, where
innovative efforts are distributed to reflect a strategy such as differentiation strategy or cost leadership
strategy (Pianta, 2005).

However, a product market usually follows a cycle of growth, maturity, commoditization, and
decline where profit margins in more mature markets narrow because of declining demand and
overcapacity (Rangan and Bowman, 1992). This cycle has accelerated in recent years because the
modularization of product architecture and facilitation of the purchase of intermediate goods from the
market has reduced entry barriers to the product market (Bitner and Brown, 2006; Nobeoka et al.,
2006). As a result, when product commoditization associated with drastic price declines because of
price competition has occurred, the product cannot make more than normal profitability without
differentiation (Bitner and Brown, 2006; Nobeoka et al., 2006; Itoh, 2008). This implies that it would
be difficult for cost reduction alone to continuously achieve competitive advantage while competing
for pieces of a declining market, and it is necessary to create value that is difficult to transfer or imitate
(Porter, 1980, 1985; Hart, 1995; Husted and Allen, 2001). Namely, as Johne (1999) suggested, product
innovation provides the most obvious means for generating profits, whereas process innovation, on the
other hand, provides the means for safeguarding and improving quality and also for cost savings.

The superior value derived from product innovation in response to properly designed environmental

standards includes environmental value added; therefore, products with environmentally friendly



attributes (or, in other words, green products, which are products with low environmental burdens) in
response to these standards can earn price premiums if customers have preferences or a willingness to
pay for the environment. There is some anecdotal evidence related to this point. For example, the
Honda Civic with its fuel-efficient and low-pollution compound vortex-controlled combustion engine
that passed the standards set by the Clean Air Act in the US achieved great success (Komiyama, 2014).

However, although Porter and van der Linde (1995) suggested that global demand is changing
rapidly in the direction of valuing the environment, many consumers do not generally prefer to trade
off product quality for environmental attributes (Lin et al., 2013). Therefore, products with
environmentally friendly attributes can be regarded as not only environmentally conscious products,
but also better-performing, higher quality, and safer products. For example, products with lower CO,
emissions (namely, lower energy consumption) can be categorized as better-performing high-quality
products, and those with less-harmful toxicity can be categorized as safer products. Thus, various
values are included in the environmental value, and it is possible that customers are willing to pay for
these mixed values through price premiums for environmentally friendly attributes. Note that price
premiums can be underestimated if consumers are myopic and the values of better-performing, higher
quality, and safer products are ignored because of uncertainty (Gillingham et al., 2009; Morita et al.,
2012).

Given the above discussions, if a product’s environmentally friendly attributes in response to
properly designed environmental standards command a price premium, the Porter hypothesis is
supported. However, the Porter hypothesis has various versions. In these circumstances, it is valuable
to estimate the price premiums of the various environmentally friendly attributes in response to the
different types of environmental standards. Thus, the focus of this paper is “environmental standards”,
rather than “properly designed environmental standards.” Refrigerators are an appropriate product for
the estimation of the price premiums because they have several environmentally friendly attributes in
response to several environmental standards. These attributes are CFC-free and energy-consumption
efficiency (lower CO; emissions).

CFCs were used in refrigerators for both the refrigerant and the foam-blowing agent to make the
closed-cell rigid polyurethane foam used for insulation of the refrigeration cabinet (Boot, 1990). CFCs
are nontoxic, nonflammable, and have unique thermodynamic properties that are required for
energy-efficient operation; therefore, since the 1930s, they were ideal materials for refrigerators (Boot,
1990; Itoh, 2008). However, it was found that they were major contributors to the ozone layer
depletion over the Antarctic continent, which has caused serious health and environmental problems
such as an increase in skin cancer rates and other effects in the biosphere, because the ozone layer
protects the earth from harmful ultraviolet radiation (Manzer, 1990; Campbell, 2005; Crutzen, 2007).
The Montreal Protocol, a global environmental treaty that commits all signatories to strict schedules
for the decline in the production and emission of ozone-depleting chemicals including CFCs, was first



signed in 1987 (DuPuis and Gareau, 2008). Since then, 196 nations have signed the Montreal Protocol.
In reaction to the Montreal Protocol, in the case of Japan, the government enacted the Law Concerning
the Protection of the Ozone Layer in 1988, and accordingly the production of CFC was prohibited in
1995 (Itoh, 2008).

Because manufacturers were prevented from using CFCs, they substituted them with
hydrochlorofluorocarbons (HCFCs) and hydrofluorocarbons (HFCs), which do not deplete the ozone
layer. However, although HCFCs and HFCs do not deplete the ozone layer, they have strong
greenhouse effects, and the Kyoto Protocol, a global environmental treaty to reduce greenhouse gases
(GHG) such as CO, emissions, designated them as GHG to be reduced in 1997 (Houghton et al., 2001).
According to the Global Warming Potential index, over the next 100 years, HCFCs and HFCs will
have approximately 77-1,810 times and 124-14,800 times stronger greenhouse effects than CO,,
respectively (Foster et al., 2007). As a result, manufacturers needed to substitute them with materials
such as isobutene (R600a), which does not deplete the ozone layer and does not have a strong
greenhouse effect, for the refrigerant and cyclopentane for the foam-blowing agent, because of
growing public concern about the environment (Itoh, 2008; Nishitani, 2010). However, R600a is a
flammable material; therefore, technological development was required because it is impossible to use
it in standard Japanese refrigerators that use a frost-free system (not a natural convection system) due
to several possible fire sources such as a fan powered by an electric motor to circulate cool air and
defrost, although they needed to use more refrigerant due to larger internal capacities compared with
those sold in other countries (Itoh, 2008). Reduction in the use of refrigerants while avoiding
malfunction, reduction in the number of welds of parts to prevent spills of refrigerants, and use of
refrigerator parts that do not ignite even if the refrigerant spills, were necessary to use such CFC-free
materials, at least where they were also required by the industry group. Manufacturers that could
develop such products started to sell them from 2003. As shown in Figure 1, although only 22.6% of
products were CFC-free in 2003, 100% were CFC-free in 2009.

Energy-consumption efficiency is directly related to reductions in the energy costs of refrigerators.
The oil crises in the 1970s raised public interest in more-efficient energy use, and the industrial sector
developed energy-conservation strategies that reflected public interest, which was also drive by the
Law Concerning the Rational Use of Energy (Energy Conservation Law) enacted in 1979 (Japanese
Ministry of Economy, Trade and Industry, 2010). The Kyoto Protocol triggered further energy
conservation in Japan, because Japan was required to reduce GHG emissions by 6% from the 1990
level within the period from 2008 to 2012, and energy consumption and GHG emissions are strongly
correlated. The Japanese government consequently revised the Energy Conservation Law in 1999 to
strengthen the legal underpinnings of various energy-conservation measures. As a primary
energy-conservation measure for the residential and commercial sector and the transportation sector,

the Top Runner Program was introduced to advance the energy efficiency of machinery and equipment



(Japanese Ministry of Economy, Trade and Industry, 2010). Under this program, energy-consumption
targets were set based on the value of the most energy-efficient products on the market at the time of
the value-setting process. Twenty-three product items including refrigerators were covered by the
program until 2009, and these products were required to achieve the target. In the case of refrigerators,
the target was set and revised based on the value achieved by the Top Runner product in 1998 and 2005,
and all products were required to achieve the target by 2004 and 2010, respectively. The target is

E . . . .
expressed as X =E—><100, where X is the energy-conservation target achievement rate (%), E is
T

the energy efficiency of the product (kwh/year), and E; is the target energy efficiency (kwh/year).
E; differs in terms of product cooling type, capacity, and so on.

In addition, the Energy Saving Labeling Program was launched to promote the diffusion of products
that achieved Top Runner Standard values in 2000. Sixteen product items including refrigerators were
covered by the program until 2010. The energy-saving label provides information about the
energy-consumption efficiency of the product. Consumers can identify whether the product achieves
the target by the color of the energy-saving symbol on the label, where a green symbol means the
product achieves the target, and an orange symbol means it does not. Furthermore, the labels can
provide the energy-consumption efficiency values and energy-conservation target achievement rate, to
help consumers decide which product to buy. Thus, the energy saving label corrects the informational
asymmetry between manufacturers and consumers about the environmentally friendly attributes of
products, and creates incentives for manufacturers to innovate products with environmentally friendly
attributes to capitalize on the demand from consumers (Brouhle and Khanna, 2012).

Indeed, these programs provided manufacturers with an incentive for technological development or
product innovation. As shown in Figure 2, the average energy-conservation target achievement rates
increased drastically. The rate for the initial target was 80.3% in 1998 and 170.9% in 2006, and that for
the revised target was 88.7% in 2007 and 182.1% in 2012. The rates for the initial and revised targets
cannot be directly compared, because the energy-conservation target became stricter after the target
revision.

Reflecting this discussion of the Porter hypothesis, environmental standards, product innovation,
and their application to refrigerators in the Japanese retail market, this paper will estimate the price
premiums associated with the attributes of CFC-free and energy-consumption efficiency of

refrigerators in the Japanese retail market to test the Porter hypothesis.

(Figures 1 and 2)

3. Research design



A hedonic price model is employed to estimate the price premiums of environmentally friendly
attributes in refrigerators. A hedonic price is defined as the implicit price of the quality attributes of a
product; therefore, the price of the product is a function of the implicit prices of the bundle of its
quality attributes (Rosen, 1974; Dreyfus and Viscusi, 1995; Silver, 1999). Thus, the hedonic price

function of refrigerators is given as:
P=P(X) (1)

where P is the product price and X =x;,--,x, is a vector of quality attributes including

environmentally friendly attributes. Then, the implicit price p of the K th attribute is given by:

oP
R =—. 2
= )

Accordingly, the reduced-form estimation equation is:
R =PXii+ei 3)

where £ is the implicit price of quality attributes per unit, i is the product, t is the time that product
i issold, and ¢ is an error term.

In order to improve the additivity, normality, and homoscedasticity of observations in hedonic price
functions, the Box—Cox transformation is often applied (Cho et al., 2006; Daimon, 2011). The Box—
Cox transformation is a device for generalizing the linear model (Greene, 2008), and the

transformation is:

A
X=X =L for 220 o (4)
A

x*) =Inx for 2=0

where 1 is a Box—Cox parameter. Then, equation (3) is expressed as:

F’i,tzﬂxi(f)Jrgi,t ()

A
=pInX; +¢&, for 2=0.

X1
=p +&, for 2=0 or



More precisely:

Pio=a+ MNP+, +4, )

Vii-1
=N +8Z;i+&, for 220 or

=}/|nVivt +62in +€th for A=0

where, V is a vector of transformable quality attributes, Z is that of nontransformable attributes, and
y and & are the implicit prices of the quality attributes per unit. We use this regression model to
estimate the price premiums of the environmentally friendly attributes of refrigerators.

Furthermore, however, there are several versions of the Box—Cox transformation. The model that

transforms only the dependent variable is:

Pi-1
0
InYi‘t =ﬂXiyt+8i‘t fOf 920

:m(i,t_’—gi,t fOf 9?50 or (6)

where ¢ is a Box—Cox parameter.

The model that transforms both dependent and independent variables with the same parameter is:

Pt-1 XA -1
'vt/l :ﬁ[ '; ]Jﬁsi't for 2 #0 or (7

InYiyt =,B|n Xi,t +‘9i,t fOf i :O .
The model that transforms both dependent and independent variables with separate parameters is:

Ri-1
0

X -1
=p ’ﬂ +&, for 90 and 2=0 or (8)
InYiyt =ﬂ|n Xi,t +¢9in fOf 62 ﬂy :0 .
In this study, equation (5) is called the right-hand-side model, equation (6) is the left-hand-side
model, equation (7) is the lambda model, and equation (8) is the theta model, and every model is

estimated using the maximum-likelihood method. Note that if =1 and A =1, these models become

ordinary linear models as expressed in equation (3).
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The data for the analyses are the POS data with the Japanese Article Number code of refrigerators
(Panasonic, Toshiba, Hitachi, Sanyo, Mitsubishi, Haier, LG, Fujitsu General, NEC, Daewoo, Nitto
Reinetsu, Yoshii Electrics, Uing, and Private Brand) in the Japanese retail market collected by GfK
Marketing Services Japan Ltd. This POS data consist of not only the product’s price information, but
also information about its various attributes including environmentally friendly attributes such as
CFC-free and energy-consumption efficiency. The monthly data of the 30-50 annually
most-frequently sold products in the Japanese retail market during 1998 to 2012 are available. They
account for approximately 60-65% of annual total sales in the market in each year. As a result of
eliminating samples with missing values as explained below, the total number of observations is 5,686
products—months.

The descriptive statistics of the variables used in the regression analyses are given in Table 1, and
the definition of each variable is as follows.

O Price

= Price: sales-volume-weighted average monthly price of products in yen, deflated by a GDP
deflator (2005=100). However, this measure needs to incorporate the influence on price by the
Project for Promoting the Diffusion of Green Consumer Electronics using Eco Points
implemented by the Japanese government from May 15, 2009 to March 31, 2011. The objective
of the project was to promote global-warming countermeasures, economic stimulation, etc., and
consumers who bought refrigerators that satisfied the target of energy-consumption efficiency of
the project received between 3,000-10,000 (2,000-5,000 since December 1, 2010) eco points
according to the capacity of the product (Morita et al., 2012)% Because the value of the eco points
is expressed in Japanese yen, the price of the products with eco points in the sample is discounted
by the value of the eco points, as described by Morita et al. (2012).

O Environmentally friendly attributes

=  CFC-free dummy: dummy variable equals 1 if product is CFC-free, and O otherwise.

= Energy-consumption efficiency 2004: improvement in energy-consumption efficiency (%) from
the initial target value, which is calculated as the energy-conservation target achievement rate
minus 100

= Energy-consumption efficiency 2010: improvement in energy-consumption efficiency (%) from
the revised target value, which is calculated as the energy-conservation target achievement rate
minus 100

O Other attributes

= Capacity®: internal capacity of product in liters.

2 Air conditioners and televisions that satisfied the target of energy consumption efficiency are also
covered in the project.

¥ Independent variables such as number of doors and existence of an ice maker that are highly
correlated with capacity are not used for the analyses to avoid multicollinearity.
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= Freezer position dummies (top, middle, bottom, multiple, and none): dummy variable equals 1 if
product has freezer at top, middle, bottom, multiple, or no positions, respectively, and 0
otherwise.

=  Door type dummies (single door, double doors, and single R&L free door): dummy variable
equals 1 if product’s main door type is single, double, or single right-left free doors, respectively,
and 0 otherwise.

=  Brand dummies (Panasonic, Toshiba, Hitachi, Sanyo, Mitsubishi, Haier, LG, and other): dummy
variable equals 1 if product’s brand is Panasonic, Toshiba, Hitachi, Sanyo, Mitsubishi, Haier, LG,
or other, respectively, and 0 otherwise.

O Time

= Duration since new model: the number of months since the product was released as a new model.
This captures the influence of the product newness.

= Quarter dummies (1st quarter, 2nd quarter, 3rd quarter, and 4th quarter): 1st quarter dummy
variable equals 1 if product is sold in 1st quarter (January to March), 2nd quarter dummy variable
equals 1 if product is sold in 2nd quarter (April to June), 3rd quarter dummy variable equals 1 if
product is sold in 3rd quarter (July to September), or 4th quarter dummy variable equals 1 if
product is sold in 4th quarter (October to December) in a year, respectively, and 0 otherwise.
They capture the influence of the season on the product to be sold.

= Year dummies (1998 to 2012): Dummy variable for 1998 equals 1 if product is sold in 1998 and 0
otherwise, etc. They capture the time trend of the attribute-adjusted price.

Because these variables, except price and capacity, have values of zero, the Box—Cox transformable

variables are price and capacity only.

(Table 1)

4. Estimation results

Table 2 shows the estimation results for the period 1998-2012. They capture the implicit prices of
products’ attributes in the long-term. Models (1), (2), (3), and (4) are the right-hand-side,
left-hand-side, lambda, and theta models, respectively. The parameters 4 and/or ¢ in these models
have significant effects at least at the 5% levels. Besides, the likelihood ratio (LR) tests, testing 4 =-1,
A=0, and 1=1 for Models (1) and (3), #=-1, =0, and =1 for Model (2), and 9 =1 =-1,
6=1=0, and 9=21=1 for Model (4), suggest that the multiplicative inverse, log, and linear
specifications are rejected. Thus, the estimation results with the Box—Cox transformation are more
reliable than those with these specifications. Because the interpretation of the coefficients is important

for this paper, and the coefficients in Model (1) are the easiest to interpret, we mainly discuss the
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estimation results based on Model (1). The estimation results in Model (1) are almost equivalent to
those in the other models.

Before we consider the estimation results of the environmentally friendly attributes, we examine
those of the year dummies. The year dummies from 1999 to 2012 are significantly negative at least at
the 5% level, and the coefficients decrease each year, although they rebound in some periods. Similar
trends are observed in Models (2) to (4). The attribute-adjusted prices decreased drastically in the last
15 years because the coefficient of each year dummy can be regarded as an implicit relative price
excluding all attributes, compared with the implicit price in 1998. For example, an attribute-adjusted
product in 2012 was 53,370 yen (1 US dollar is approximately 100 yen) cheaper than in 1998. This
implies that a product with only a commoditized value cannot make much profit, and supports the
necessity of product innovation for competitive advantage.

Next, we examine the estimation results for the environmentally friendly attributes. The coefficient
for CFC-free is significantly positive at the 10% level. A product that was CFC-free enjoyed a price
premium. Although all products have been CFC-free since 2007, products with this attribute enjoyed a
price premium in the last 15 years. The price premium for CFC-free averaged 2,049 yen during 1998-
2012. Energy-consumption efficiency 2004 and energy-consumption efficiency 2010 are significantly
positive at the 1% level. Products with energy-consumption efficiency that satisfied the initial and
revised targets received a price premium. The price premium of energy-consumption efficiency that
satisfied the initial target was 173 yen per 1% improvement from the target value. Accordingly, as this
value is multiplied by the mean and maximum values in Table 1, a product with energy-consumption
efficiency that satisfied the initial target received a price premium of 2,683 yen on average and a
maximum premium of 30,967 yen during 1998-2012. On the other hand, the price premium of
energy-consumption efficiency that satisfied the revised target was 38 yen per 1% improvement from
the target value. Accordingly, a product with energy-consumption efficiency that satisfied the revised
target received a price premium of 678 yen on average and a maximum premium of 7,182 yen during
1998-2012. Although the revised target value was stricter than the initial target value, the price
premium of energy-consumption efficiency that satisfied the revised target also existed. Models (2) to
(4) have almost the same results for environmentally friendly attributes. Therefore, a product with
environmentally friendly attributes through product innovation received a price premium that resulted
in a competitive advantage, whereas product commoditization decreased the attribute-adjusted price.

Lastly, we consider the estimation results of the other attributes. Capacity is significantly positive at
the 1% level. A product with a larger capacity was more expensive. For the freezer position dummies,
bottom and multiple are significantly positive at the 1% level, and middle and none are significantly
negative at the 1% level. A product whose freezer position was bottom or multiple was 4,304 yen and
12,679 yen more expensive than one whose freezer position was top. On the other hand, a product

whose freezer position was middle or none was 4,242 yen and 11,116 yen cheaper than one whose
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freezer position was top. However, because Models (2) to (4) indicate the opposite result for middle
position, the results differ among the assumptions (right-hand side, left-hand side, lambda, or theta
model) of the model. For the door type dummies, double doors are significantly positive at the 1%
level. However, Single R&L door does not have a significant effect. A product whose main door type
was double doors was 9,763 yen more expensive than one whose main door type was single door. Note
that Models (3) and (4) indicate that single R&L door was significantly positive at least at the 5% level.
For the brand dummies, Hitachi, Mitsubishi, and Haier are significantly positive at the 1% level, and
Toshiba, Sharp, and Sanyo are significantly negative at the 1% level. A product whose brand was
Hitachi, Mitsubishi, or Haier was 5,401 yen, 1,798 yen, and 7,408 yen more expensive than one whose
brand was Panasonic. On the other hand, a product whose brand was Toshiba, Sharp, or Sanyo was
2,550 yen, 3,325 yen, and 4,930 yen cheaper than one whose brand was Panasonic. Note that the
estimation results for Toshiba, Mitsubishi, Haier, LG, and other differ among the models. Duration
since the launch of a new model is significantly negative at the 1% level. A product’s price decreased
because of obsolescence by 255 yen every month since the product was newly introduced to the
market. For the quarter dummies, 2nd, 3rd, and 4th quarters are significantly negative at the 1% level.
A product sold in the 2nd, 3rd, or 4th quarters was 6,870 yen, 14,586 yen, or 20,558 yen cheaper than
one sold in the 1st period. As all other attributes were controlled, the selling price in the 1st period was
the most expensive.

Table 3 shows the estimation results for every three years during the period 1998-2012. They
capture the implicit prices of product attributes in the short term. This allows us to trace the trends in
price premiums for environmentally friendly attributes because those in the long term are observed in
Table 2. Models (1) to (5) are the estimation results of the right-hand-side model in 1998-2000, 2001-
2003, 2004-2006, 2007-2009, and 2010-2012, respectively. The parameter A in these models has
significant effects at the 1% level. Besides, the LR tests of 1=-1, 1=0, and 1=1 reject the
multiplicative inverse, log, and linear specifications. Although year dummies are included in these
models, their coefficients and chi-squared values are omitted from the Table 3.

Here, we only focus on the estimation results for the environmentally friendly attributes. Because
all products sold prior to 2001 were not CFC-free, and those later than 2006 were CFC-free, Models
(2) and (3) have estimation results relating to CFC-free attributes. The target value of
energy-consumption efficiency was revised, so Models (1) to (3) have estimation results relating to
energy-consumption efficiency before the target value revision, and Models (4) and (5) have
estimation results relating to energy-consumption efficiency after the target value revision.

CFC-free is significantly positive at the 10% level in Models (2) and (3). A product that is CFC-free
received a price premium in 2001-2003 and 2004-2006. The price premiums for CFC-free were 7,656
yen in 2001-2003 and 2,844 yen in 2004-2006, which indicates that the price premium for CFC-free
in Model (3) is less than half of that in Model (2). This implies that CFC-free became commoditized
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drastically in a short period, although the product initially received a high price premium.

Energy-consumption efficiency 2004 is significantly positive at the 1% level in Models (2) and (3),
whereas it does not have a significant effect in Model (1). A product with energy-consumption
efficiency that satisfied the initial target received price premiums in 2001-2003 and 2004-2006, but
not in 1998-2000. The price premiums of energy-consumption efficiency that satisfied the initial
target were 169 yen and 258 yen per 1% improvement from the target value in 2001-2003 and 2004—
2006. Thus, a product with energy-consumption efficiency that satisfied the initial target received
average price premiums of 3,342 yen and a maximum premium of 20,280 yen in 2001-2003, and an
average of 18,741 yen and a maximum premium of 46,182 yen in 2004-2006. Although the price
premium of energy-consumption efficiency that satisfied the initial target was not observed initially,
its value increased gradually.

Energy-consumption efficiency 2010 is significantly positive at the 1% level in Models (4) and (5).
A product with energy-consumption efficiency that satisfied the revised target received price
premiums in 2007-2009 and 2010-2012. The price premiums of energy-consumption efficiency that
satisfied the revised target were 381 yen and 197 yen per 1% improvement from the target value in
2007-2009 and 2010-2012, respectively. Accordingly, a product with energy-consumption efficiency
that satisfied the revised target received price premiums of 804 yen on average and a maximum
premium of 24,384 yen in 2007-2009, and 11,737 yen on average and a maximum premium of 37,233
yen in 2010-2012. This suggests that although the price premium per 1% improvement from the target
value (/2 in Section 3) was relatively high in 2007-2009, the average and maximum price premiums
were not because the average and maximum of energy-consumption efficiency 2010 ( X in Section 3)
were low in the period. It might be difficult for many products to immediately achieve energy
efficiency in excess of that required to satisfy a target value that became stricter than that in previous
years. However, they would recover the price premium a short time later by adopting the new target.

Therefore, a product with environmentally friendly attributes received a price premium not only in
the long term, but also in the short term. However, the trends of the price premiums of CFC-free and

environmental consumption efficiency are different.

(Tables 2 and 3)

5. Conclusion

This paper analyzed whether a manufacturer’s product innovation in response to environmental
standards results in a competitive advantage. If a product with environmentally friendly attributes,
which are innovated in response to environmental standards, is preferred in the market, the product can

receive a price premium for its attributes. The main empirical findings from hedonic price regressions
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for refrigerators using data from the Japanese retail market during the period 1998-2012 are as
follows.

First, the attribute-adjusted price has decreased drastically in the last 15 years. An attribute-adjusted
product in 2012 was 53,370 yen cheaper than in 1998. However, as Figure 3 shows, the average selling
price has not decreased substantially. A product in 2012 was only 5,081 yen cheaper than that in 1998
(the average selling price in 1998 was 87,888 yen and in 2012 was 82,807 yen). This implies that the
fundamental value of “refrigerating” has been commaoditized considerably and that many attributes
compensate for the commoditized value. Thus, a product with only commoditized value cannot earn
much profit, and product innovation is necessary to incorporate various types of value added including
environmental value into the selling price for the competitive advantage.

Second, a CFC-free and energy-consumption-efficient product receives a price premium. The price
premium associated with CFC-free attributes averaged 2,050 yen during 1998-2012, and that of
energy-consumption efficiency that satisfied the initial and revised target averaged 2,683 and 678 yen
in the same period. Thus, because a product with environmentally friendly attributes which were
innovated in response to environmental standards could incorporate consumers’ willingness to pay for
the environmentally friendly attributes into the selling price as a price premium, manufacturers of that
kind of product could achieve a competitive advantage.

Third, the price premiums for these attributes have experienced specific trends during the period, as
Figure 4 shows. The price premiums for CFC-free attributes averaged 7,656 yen in 2001-2003, 2,844
yen in 2004-2006, and 0 yen since 2007. Thus, although a product that was CFC-free initially received
a high price premium, the premium decreased and became 0. This implies that most manufacturers
developed technology to reduce CFCs in a short period, and then CFC-free which was an attribute that
differentiated the product also became commoditized. Hence, only manufacturers that developed the
technology in the early stages could achieve a cumulative advantage until the followers caught up with
the technology, which is equivalent to early mover advantage as Porter and van der Linde (1995)
suggest. On the other hand, the price premiums of energy-consumption efficiency that satisfied the
initial target averaged 3,342 yen in 2001-2003 and 18,741 yen in 2004—2006, and those satisfied the
revised target averaged 804 yen in 2007-2009 and 11,737 yen in 2010-2012. Thus, although an
energy-consumption-efficient product did not receive a high price premium immediately when
manufacturers faced new or revised environmental standards, the price premium increased every year.
It is especially remarkable that the price premium was recovered even after environmental standards
became stricter. Therefore, manufacturers received a price premium because they continuously made
product innovations, and the revision of environmental standards could encourage such product
innovation further. Because further reductions in GHG emissions is required in the post-Kyoto
protocol era, it is possible that environmental standards designed to reduce energy consumption will

be strengthened. It might be possible that energy-consumption-efficient products will enjoy a price
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premium in the very long term.

Thus, these findings prove that product innovation in response to environmental standards plays an
important role in achieving a competitive advantage where product commoditization has occurred,
which supports the Porter hypothesis. Furthermore, these findings also indicate that the trends in the
price premiums for environmentally friendly attributes are not similar between CFC-free and
energy-consumption efficiency. Accordingly, these findings represent a new contribution regarding
the Porter hypothesis from the viewpoint of product innovation, using hedonic price analyses with data
for 15 years. However, the difference in the trends of the price premiums through product innovation
between CFC-free and energy-consumption efficiency cannot be explained only by the Porter
hypothesis even if the strictness or properness of environmental standards for them is different. Some
possible supplemental factors are (differences in) manufacturer’s resources such as technological
strength and consumer’s environmental preferences when environmental standards are newly enacted

and revised. Future research should investigate such possibilities.

(Figures 3 and 4)
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Figure 1 CFC-free Adoption Rate
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Figure 2 Average Energy-conservation Target Achievement Rate
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Figure 3 Average Price Trends
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Figure 4 Trends of Price Premiums for Environmentally Friendly Attributes
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Table 1 Descriptive Statistics

Obs Mean SD Min Max
Price 5686 81739.770 47426.320 5863.248 218743.8
CFC-free dummy 5686 0.720 0.449 0 1
Energy consumption efficiency 2004 5686 15.509 36.596 -51 179
Energy consumption efficiency 2010 5686 17.844 41.626 =27 189
Capacity 5686 322.223 143.008 40 620
Freezer position dummy
Top 5686 0.169 0.375 0 1
Middle 5686 0.286 0.452 0 1
Bottom 5686 0.495 0.500 0 1
Multiple 5686 0.016 0.126 0 1
None 5686 0.033 0.179 0 1
Door type dummy
Single door 5686 0.709 0.454 0 1
Double doors 5686 0.220 0.414 0 1
Single R&L door 5686 0.071 0.257 0 1
Brand dummy
Panasonic 5686 0.182 0.386 0 1
Toshiba 5686 0.139 0.346 0 1
Sharp 5686 0.151 0.358 0 1
Hitachi 5686 0.153 0.360 0 1
Sanyo 5686 0.132 0.338 0 1
Mitsubishi 5686 0.169 0.375 0 1
Haier 5686 0.040 0.196 0 1
LG 5686 0.011 0.102 0 1
Other 5686 0.023 0.150 0 1
Duration since new model 5686 9.034 7.411 0 68
Quarter dummy
1st quarter 5686 0.227 0419 0 1
2nd quarter 5686 0.255 0.436 0 1
3rd quarter 5686 0.259 0.438 0 1
4th quarter 5686 0.259 0.438 0 1
Year dummy
Year 1998 5686 0.009 0.095 0 1
Year 1999 5686 0.024 0.154 0 1
Year 2000 5686 0.041 0.198 0 1
Year 2001 5686 0.060 0.238 0 1
Year 2002 5686 0.063 0.244 0 1
Year 2003 5686 0.064 0.245 0 1
Year 2004 5686 0.062 0.242 0 1
Year 2005 5686 0.061 0.239 0 1
Year 2006 5686 0.046 0.210 0 1
Year 2007 5686 0.088 0.284 0 1
Year 2008 5686 0.094 0.292 0 1
Year 2009 5686 0.096 0.295 0 1
Year 2010 5686 0.096 0.295 0 1
Year 2011 5686 0.094 0.292 0 1
Year 2012 5686 0.099 0.299 0 1




Table 2 Long-term Estimation Results

1) (2 ) (4)
1998-2012 1998-2012 1998-2012 1998-2012
right-hand-side left-hand-side lambda theta
CFC-free dummy 2048.705 * 0.046 *xx 0.025 *** 0.016 **x
(3.122) (8.973) (17.184) (16.079)
Energy—consumption efficiency 2004 173.374 »xx 0.003 #*x 0.0071 *x 0.001 #kx
(301.526) (447.431) (476.362) (456.805)
Energy—consumption efficiency 2010 37.909 xx 0.001 ##x 0.001 #*x 0.0003 #*x
(16.816) (30.397) (295.181) (103.033)
Capacity 8.842 xxx 0.005 #*x 0.696 *** 0.030 ***
(6092.824) (9200.016) (8953.020) (9694.103)
Freezer position dummy (reference: Top)
Middle —4241.704 s 0.100 *** 0.011 ** 0.014 #xx
(22.545) (69.353) (4.922) (21.563)
Bottom 4304.637 xx 0.176 *** 0.034 #*x 0.034 #**
(34.750) (327.357) (81.353) (179.415)
Multiple 12678.780 *xx* 0.347 #*x 0.094 #*x 0.075 #**
(55.558) (235.215) (113.460) (168.331)
None —11115.600 —0.530 #x* 0.043 #*x —0.100 ***
(59.534) (597.521) (29.626) (236.879)
Door type dummy (reference: Single door)
Double doors 9763.236 *** 0.065 *** 0.079 *** 0.033 #*x
(191.778) (55.276) (579.423) (204.054)
Single R&L door -296.771 -0.003 0.030 *** 0.007 **
(0.087) (0.037) (33.169) (3.917)
Brand dummy (reference: Panasonic)
Toshiba —2550.610 *** -0.009 -0.009 ** —0.006 ***
(13.678) (0.897) (6.063) (6.588)
Sharp —-3325.206 *** =0.069 **+x —0.070 *** =0.031 *xx
(17.150) (42.273) (284.433) (123.453)
Hitachi 5400.513 #*x 0.067 #xx 0.023 *** 0.016 **x
(68.580) (60.041) (45.873) (50.094)
Sanyo —4929.959 **x —0.059 **x —0.046 *** =0.021 *xx
(40.895) (32.925) (130.687) (63.639)
Mitsubishi 1798.153 #** 0.025 #xx 0.003 0.002
(8.254) (9.233) (1.017) (1.175)
Haier 7408.014 *xx =0.114 »xx -0.001 =0.027 #xx
(34.288) (42.636) (0.011) (36.214)
LG -1763.180 —0.154 *xx -0.007 —0.029 *xx
(0.706) (30.069) (0.457) (16.747)
Other -848.391 —0.306 **+* —0.068 *** —0.076 *+x
(0.329) (218.732) (74.784) (206.385)
Duration since new model —=255.220 **x —0.008 *x —0.002 *** —=0.002 *xx
(47.614) (237.070) (135.241) (236.723)
Quarter dummy (reference: 1st quarter)
2nd quarter —6870.023 **x —0.066 *x* —0.027 *xx —0.017 #*x
(171.678) (88.759) (96.209) (91.455)
3rd quarter —14585.590 *** =0.153 **xx —0.061 **xx —0.039 *xx
(670.496) (417.952) (439.558) (429.199)
4th quarter —20557.720 **x —0.232 *xx —0.092 *xx —0.060 ***
(1082.518) (773.030) (818.196) (805.555)
Year dummy (reference: Year 1998)
Year 1999 -5183.876 ** =0.113 *xx —0.040 #** =0.032 #xx
(5.478) (14.669) (11.957) (18.043)
Year 2000 -16181.320 *** =0.220 **xx —0.062 *** —0.054 *xx
(57.456) (59.938) (31.942) (54.922)
Year 2001 —20456.750 *** =0.294 *xx —0.095 #** —0.076 *xx
(94.255) (109.497) (75.552) (114.696)
Year 2002 —32842.220 **xx —0.499 *xx —0.183 *xx —0.133 *#x
(236.117) (304.692) (272.162) (333.405)
Year 2003 —36858.730 **x —0.615 *xx —0.222 *xx —0.162 **x
(296.333) (457.572) (397.102) (493.880)
Year 2004 —45486.740 *xx —0.768 *** —0.290 *xx —0.206 ***
(405.871) (637.664) (605.325) (707.495)
Year 2005 —54416.500 **x —0.902 #** —0.353 »¥* —0.244 #*x
(517.820) (782.257) (792.592) (881.457)
Year 2006 —53375.610 **x —0.885 #** —0.351 »#x —0.240 #*x
(483.656) (733.144) (760.430) (831.158)
Year 2007 —38013.660 *** —0.613 #*x —0.225 »¥x —0.165 #*x
(267.163) (386.612) (347.912) (431.497)
Year 2008 —37291.660 **x —0.600 *x* —0.229 *xx —0.163 ***
(254.975) (368.719) (356.192) (419.064)
Year 2009 —38454.660 **+x —0.628 *x* —0.245 *xx —0.172
(272.054) (404.413) (408.502) (468.139)
Year 2010 —47802.140 **x —0.769 *x —0.316 *x —0.214 »**
(411.642) (591.870) (660.159) (704.025)
Year 2011 —47201.300 *** —0.772 —0.321 *xx —0.215 »**
(390.716) (580.027) (662.966) (691.849)
Year 2012 —-53369.910 *** —0.825 **x —0.351 #** =0.229 *xx
(468.897) (624.461) (743.321) (740.322)

Constant 63426.540 11.719 4.943 6.213




Table 2 (cont)

Lambda 1.604 *xx - —0.062 *** 0.451 #xx
(0.034) (0.011) (0.023)

Theta - 0.025 ** - =0.095 *xx
-0.010 (0.010)

LR test

Lambda=—1 / Lambda=Theta=-1 —64080.796 *** -64959.625 *+* —64339.953 *++ —64339.953 *+x
(3986.080) (10464.120) (8977.770) (9718.860)

Lambda=0 / Lambda=Theta=0 -62991.577 *+++ -59730.548 ** -59866.509 *** -59866.509 ***
(1807.650) (5.960) (30.890) (771.970)

Lambda=1 / Lambda=Theta=1 —62242.501 *++ -62242.501 *+* —-62242.501 *+* —-62242.501 ***
(309.490) (5029.870) (4782.870) (5523.950)
Log likelihood -62087.754 -59727.567 -59851.065 -59480.524
Observations 5686 5686 5686 5686

Note 1: Chi-squared values are shown in parentheses.

Note 2: *** ** and * imply that the coefficient is significantly different from 0 at the 1%, 5%, and 10% levels, respectively.



Table 3 Short-term Estimation Results

1) (2) (3) (4) (5)
1998-2000 2001-2003 2004-2006 2007-2009 2010-2012
right-hand-side right-hand-side right-hand-side right-hand-side right-hand-side
CFC-free dummy - 7656.198 *xx 2844.435 * - -
(10.215) (3.110)
Energy—consumption efficiency 2004 -58.131 168.861 **x 257.603 *¥* - -
(2.104) (17.318) (284.390)
Energy—consumption efficiency 2010 - - - 381.097 **x 196.997 *xx
(177.457) (227.774)
Capacity 0.486 *** 0.277 #xx 1.175 #kx 18.740 »*x 25.858 »*x
(583.869) (912.387) (997.054) (1818.527) (935.500)
Freezer position dummy (reference: Top)
Middle -1789.219 19.230 —4842.360 *++ —2486.257 * -57.241
(0.179) (0.000) (7.505) (3.186) (0.001)
Bottom 14427.170 #** 8286.172 *++ -2353.887 3833.507 #xx 3638.247 *xx
(12.120) (14.049) (2.045) (9.909) (9.850)
Multiple - - 25023.230 **xx 7297.330 *** -
(35.613) (13.448)
None -8297.063 ** 1450.564 - —-29250.920 *++ —-3870.969
(4.858) (0.109) (50.978) (2.192)
Door type dummy (reference: Single door)
Double doors - 28627.290 *++  13253.080 ***  10387.440 »** 7545.413 #xx
(92.301) (101.148) (95.680) (46.517)
Single R&L door -371.019 -4035.186 —11985.850 *** 2310.454 4711.725 **x
(0.005) (2.078) (19.883) (2.267) (10.363)
Brand dummy (reference: Panasonic)
Toshiba -3826.983 7029.952 #xx 49.376 568.585 —9117.303 ***
(1.083) (21.544) (0.001) (0.274) (30.996)
Sharp 3101.004 143.840 2095.380 —6548.527 »xx  —T177.175 **x
(0.401) (0.004) (1.958) (27.112) (36.052)
Hitachi 9624.460 *** 7730.502 *xx 1468.418 2036.306 * —2238.793 **
(7.123) (28.346) (0.920) (3.305) (4.412)
Sanyo -5206.915 -3914.320 ** 42813 -5142.193 >+ -1999.925
(2.327) (5.729) (0.001) (12.540) (1.738)
Mitsubishi 13141.880 *** 5929.624 *xx 2385.963 ** 163.366 —4621.765 ***
(10.198) (13.329) (4.693) (0.028) (19.761)
Haier - -8874.651 -354.313 -1001.152 1038.085
(2.331) (0.000) (0.151) (0.454)
LG -10227.490 ** 2974.290 - - -
(4.780) (0.964)
Other —-13809.140 *++ -7601.105 ** - - —5553.282 *x*
(7.592) (4.403) (9.544)
Duration since new model -8.623 -154.451 —463.677 »*x —271.955 **x -88.710
(0.004) (2.288) (15.120) (12.078) (2.434)
Quarter dummy (reference: 1st quarter)
2nd quarter —4437.067 *#+* -5489.520 *+* —5131.146 *+* —7819.842 *++ —8636.027 ***
(9.362) (25.359) (25.440) (84.081) (112.164)
3rd quarter -10433.830 *+* —12905.210 *+* —11825.230 *** —15649.070 *+* —17920.560 ***
(39.742) (111.173) (98.343) (269.621) (400.603)
4th quarter —17470.360 *** -20109.290 *** —17081.710 **x*x -22189.190 *** —23196.740 *»x*
(78.715) (197.638) (139.831) (401.070) (540.828)
Constant 44591.030 42941.540 27507.770 34285.880 26413.610
Lambda 2.148 *xx 2.221 ek 1.933 ##x 1.460 »** 1.365 ##x
(0.239) (0.122) (0.102) (0.054) (0.075)
LR test
Lambda=-1 —4686.126 *** —11914.645 *+* —10502.298 ***x —17486.456 *+x —17944.281 **x
(405.890) (691.790) (439.070) (976.840) (554.770)
Lambda=0 —4576.210 *++ —11769.363 *+* —10401.884 *+x —17257.657 *+* —17795.685 **x
(186.060) (401.220) (238.250) (519.250) (257.580)
Lambda=1 —-4500.363 *** —11628.717 *x* —-10318.468 *** —17033.186 *** —17678.515 **x
(34.360) (119.930) (71.410) (70.300) (23.240)
Log likelihood -4483.182 -11568.751 -10282.761 -16998.034 -17666.895
Observations 423 1070 964 1582 1647

Note 1: Chi-squared values are shown in parentheses.

Note 2: *** ** and * imply that the coefficient is significantly different from 0 at the 1%, 5%, and 10% levels, respectively.

Note 3: Coefficients and chi-squared values of year dummies are omitted from the table.
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