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Abstract

Attempts to reduce CO2 emissions per capita have shown limited success - if at all.
Approaches relying primarily on technological progress that increase the energy efficiency
of technologies and services have often failed to materialize expected reductions in fossil
fuel consumption. Such concepts need to be extended by considering two additional
mechanisms: (1) existing products or services are not replaced by new and more efficient
alternatives on one-on-one basis; and (2) consumers have no intrinsic motivation to reduce
energy consumption but to maximize ultimate utility. Therefore, we suggest developing a
model that identifies both changes in consumption patterns and ultimate utility in order to
predict CO2 emission changes due to the introduction of new technologies or products.
Using longitudinal panel data on household activities, this allows us to derive consumption
elasticities. These elasticities will be useful in predicting changes in consumption patterns.
Changes in happiness or life satisfaction can be derived from the same data sample.
Combining the activity-based calculation of life cycle CO2 emissions with a hybrid
approach in information on change in consumption patterns and happiness allows the
identification of activities with lowest CO2 emissions per unit of happiness. These
activities are likely to escape the rebound effect and actually deliver lasting reduction in
CO2 emissions per capita. Moreover, this suggested model will help us learn what factors
must be considered when we think about new technologies and services that have potential
leading to sustainable consumption. Statistical analysis was performed to derive
consumption elasticities when introducing new activities, such as cloths dryer use, personal
computer use, and mobile phone use.
Introduction

It is well known that the energy efficiencies of household appliances, cars, housing per
square meter, producing steel, etc. have improved dramatically within the last 50 years.
However, during the same period, energy consumption and CO2 emissions per capita
increased continuously and never decreased. Sustainable consumption requires drastic have
reduction of CO2 emissions per capita in industrialized countries. Strategies are needed to
achieve this reduction. Energy economics literature suggests that the mentioned efficiency
gains are lost due to rebound effects (see Greene et al. 1999, Greening et al. 2000, and
Binswanger 2001 for recent reviews).
Hofstetter and Madjar (2003) illustrated an example mechanism of a rebound effect
(Figure 1). When two hypothetical products A and B are being compared to fulfil the same
objective service, but cause different amount of environmental burden per service unit,
they still differ in the amount of time for consumption and costs. Alternative A shall be
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replaced by less polluting
alternative B that also reduces
the needed amount of time but
comes at higher costs. The
higher costs of alternative B will
cause
a
reduction
in
consumption of alternative B
itself and other products.
Therefore, the total pollution
would be reduced even more.
However, alternative B also uses
less time. Therefore, additional
time becomes available for
consumption
that
causes
Figure 1. Example for time rebound and income
additional pollution. One cannot
effect if consumers shift from alternative A to B.
determine the net balance of
environmental effects by switching from alternative A to alternative B in this example
because they also depend on the ratio between time and income constraints of consumers.
In this example, three limiting factors, such as costs, energy use and time use were
described as sources for rebound effects. In principle, all limiting consumption factors
may cause rebound effects, for example, space, skills and talents, all type of information,
and other resources.
Hofstetter and Madjar (2003) further provided an analysis of the related phenomena on
rebound effects and ultimate utility and suggested a new method to deal with both
obstacles. This proposed method addresses two shortcomings:
1.

Consumers rarely substitute one old consumption activity by only one new
consumption activity. This yields to rebound effects that may turn the introduction of a
new sustainable consumption activity into the reverse. Such behavioural changes in
consumption are usually neglected.

2.

LCA practitioner measure the utility of products and services often in physical/
engineering units such as kg, m, m2, or piece, and economists often use willingness to
pay. However, consumers strive for ultimate utility that can be approximated with
measures of quality of life and subjective well-being. The acceptability of changes
towards sustainable consumption patterns can be improved when ultimate utility
increases. This would also avoid compensational consumption addressed in point 1
above.

For this reason, a new method, which is a micro level equilibrium model, has been
suggested. The method is descriptive in the sense that observed behaviour is used to derive
causal relationships between activities. These are called elasticities, because of their
similarity to economic elasticities used in general equilibrium models. More details are
available elsewhere (Hofstetter and Madjar, 2003; Hofstetter and Ozawa, 2003).
Development of the Model

In order to develop the suggested model, three modules must be carried out as discussed
below:
Module CP (Consumption Pattern): The purpose of this module is to estimate the effects of
adopting a new activity to household consumption patterns using longitudinal panel data.
By comparing the changes of consumption patterns of adopters and non-adopters of a new
activity, one can also calculate what other activities may also are increase or decrease. It

3

uses similar approach that Gershuny (2002) undertook to analyze the Web-users' behavior
on time-use data.
Module C (CO2): The purpose of this module is to calculate the CO2 emissions directly
caused by each new activity and those activities that are affected by the lifestyle change
through a hybrid approach developed within the field of life cycle assessment.
Module H (Happiness): Happiness is selected as acceptability indicator or ultimate utility
indicator because happiness is a relevant driver in people's consumption behaviour. This
module measures the changes in life satisfaction and happiness due to the shift in the
consumption pattern. The data can be derived as well from longitudinal panel data.
A schematic diagram of the links among relevant system parameters in sustainable
consumption, causal relationships between them (arrows), and three modules are shown in
Figure 2. Module CP, which is the consumption elasticity analysis, is the central element
of this new approach. The combination of the results of all three modules will reveal net
effects on CO2 emissions and happiness due to the adoption of a new activity expressed by
(ACO2 emission / AHappiness). This equation will indicate: (1) which activities have
potential in yielding net CO2 reduction; and (2) which of these activities will improve
consumer happiness and therefore be likely to cause no other rebound effects.

Figure 2 Schematic diagram of the links among relevant system parameters in sustainable
consumption, causal relationships between them, and three modules.

This paper presents the results or the initial set of statistical analysis from Module CP and a
part of Module H. A more comprehensive results and discussions will be available when
this research project is completed.
Methods

Used Data and Variables: The Japanese Panel Survey of Consumers (JPSC) dataset was
provided by the Institute for Research on Household Economics (TRHE) of Japan.
Although the panel data have been collected for different purposes, it is comprehensive and
are sufficient to find out the way consumption activities change and how such changes
affect subjective ultimate utility. The JPSC longitudinal panel data include the variables of
time-use data, consumption data, and happiness and life satisfaction, necessary for our
study. The characteristics of the used data are shown in Table 1. The panel cohort consists
of at least 1, 500 women who are geographically distributed throughout the nation. The
latest dataset available is from the survey in 1999. The data consist of Cohort A (in the age
range of 28-38 as of 1997), which has been covered since the first year's research in 1993,
and Cohort B (in the age range of 24-27 as of 1997), which IRHE has covered since the
fifth year's research in 1997. We decided to use the most recent available panel datasets
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(1997, 1998 and 1999), married and single samples combined, as well as Cohort A and B
combined, for this study.

A summary of the variables used for this study are listed in Table 2. The values and
measures are dependent on the type of question in the survey. It is important to keep in
mind the type of value measure of the variables when choosing a statistical tool for
analyses. For this study, Toshisuke Ozawa, approved user of the JPSC data, performed
statistical analysis using SPSS V.12.0J.

The Approach and Procedure: The purpose of Module CP is to estimate the effects of
adopting a new activity to household consumption patterns. Three cases of new activities
chosen for this study are:
(1) adopting cloths dryer,
(2) adopting personal computer, and
(3) adopting mobile phone.

5

These three technologies were chosen for the following reasons:
(1) the JPSC data cover the variables on these items;
2)personal computer and mobile phone have a potential that leads to sustainable
consumption due to the reduction of CO2 emission;
(3) cloth dryer could be one of the good representatives of un-sustainable consumption due
to its high energy intensity; and
(4) possession of these items may affect happiness or life satisfaction due to their high
frequency of use.
The Analysis: We performed statistical analyses on variables between adopters and nonadopters of the new activities but not between users and non-users of the new activities.
Estimating the effects of the above new activities by simply comparing the mean values of
variables of users and non-users demonstrated by a single "cross-sectional" data may
involve a logical error. Any differences found between users and non-users of a new
activity may be a consequence of the activity itself or it may reflect some other prior
differences between people that relates to their choice to adopt the new activity. It was
expected that the results from the comparisons between adopters and non-adopters would
help us evaluate the genuine impact of adopting a new activity in one's consumption
patterns and happiness/life satisfaction.
Before the analysis, the samples were divided into four groups:
• Group NN - those that have access to the new activity in neither year (non-adopters);
• Group NY, those that started the new activity in later year but not in the first year
(adopters);
• Group YY, those that have access in both years (continuous users); and
• Group YN, those that had access in the early year but not in later year (disposers).
("Y" stands of "Yes", and "N' stands for "No", reflecting whether they possess the good)
Using the specific feature of longitudinal panel data, all the values of previous year (y-l)
were subtracted from that of later year (y) on an individual basis. This process allowed us
to yield the mean values of the "differences" or "changes" based on the individuals. Then
the mean values of the variables on household expenditure, possession of durable
consumer goods, time use, as well as happiness and life satisfaction were compared among
the four groups (NN, NY, YY and YN). Matched-pair t-tests were performed on the mean
values to check the significant difference at p < 0. 05 among the groups. The results from
the analysis are expected to help us calculate the consumption elasticities to evaluate the
genuine impact of adopting the new activity in one's life.
Results

Some snapshots of the results of this on-going research are shown in Figure 3 to 8. Among
the three examples of goods, cloth dryer is the least diffused product (20 %) among the
households of young Japanese women. Almost no increase in diffusion was observed
between 1997 and 1999. Personal computers came into in wide use recently from 24
percent in 1997 to 38 percent of diffusion rate in 1999. Mobile phones are the most
popular among the households of Japanese young women. The diffusion rate in 1999 is
close to 80 percent and expected to increase.
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The time use changes affected by the adoption of three new activities are shown in Figures
4 to 6. The blue/light bars represent the changes of non-adopters of the new technologies,
and purple/dark bars represent that of adopters. In the figures, "WD" stands for weekdays,
and "HD" stands for holidays / weekends. The red circles indicate significant difference at
P < 0. 05. In the case of adopting a cloth dryer, wives increase house-keeping and taking
care of children in both weekdays and weekends. They work less during the weekdays and
cut the time for hobby, leisure and going out in weekends. Husbands spend more time on
leisure and going out, and spend less for sleep, eat, personal hygiene, during the weekdays,
but in weekends, they give up the time for sleep and leisure, and allocate more hours for
house keeping and taking care of children.
In the case of adopting personal computer, the tendency of wives is similar to that of cloth
dryer adopters: less work during the weekdays and less hobby, leisure and going out in
weekends, and more house keeping and taking care of children in both cases. Husbands do
not get affected a great deal: only less in hobby, leisure and going out and more work and
sleep, eat and personal hygiene.
In the case of adopting mobile phones, the impacts on both wives and husbands are subtle.
One reason may be that it is not clear from the data who got the mobile phone (wife,
husband or other family members).

7

8

Changes in household spending
allocation for the month of
September in 1,000 Yen (7.35
approximately Euros) in 19981999 comparison are shown in
Figure 7. Again, the blue/light
bars represent the changes of
non-adopters of the new
technologies, and purple/dark
bars represent that of adopters.
The observations that apply to
all the groups are: (1)
transportation is the largest
monthly household expenditure;
and (2) a large decrease of
transportation is observed due
to adoption of a new activity.
The main characteristics of
cloth dryer adopters are major
increase in the expenditure for
food, water, gas and electricity,
education, hobby and leisure,
and going out. The main
characteristics
of
personal
computer adopters are low
spending for food compared
with other cases, increase in
housing and allowance, and
decrease in furniture. This
feature may be due to moving
to a new house or apartment.
The main feature for the mobile
phone adopters are: a major
decrease in housing and going
out; and increase in clothing
and
shores,
medical
and
insurance, communication and
education. The increase of
communication
is
self
explanatory for mobile phone
users.

Figure 7 Changes in household spending allocation for

the month of September (1,000 Yen) (1998-1999)

Changes in happiness and life satisfaction between 1998 and 1999 are shown in Figure 8.
The happiness and life satisfaction results exhibit negative values for adopters. The
measure of the happiness variables are in a scale from 1 to 5, and the happiness value of 1
stands for "very happy" and 5 for "unhappy." Therefore, the decrease in happiness value
actually means the increase of actual happiness. This suggests that the adopters of the
three new activities are happier than non-adopters, and more satisfied with life, except for
the case of personal computer (no change). However, no significant differences in
happiness and life satisfaction were found in any of the adopters.
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The different patterns of happiness
and life satisfaction elasticities
suggest that these two measures are
different aspects of ultimate utility
although they seem to be quite
similar variables.
Largest happiness elasticities and
life satisfaction elasticities are
observed for the case of cloth dryer,
then mobile phone. It may
suggest a scenario that the adoption
of a cloth dryer effected the
household consumption patterns in
the way that increase the ultimate
utility
Not many significant differences
were found between the changes of
variables throughout this study.
This result was attributed to the
large variability of the data, which
is more than initially anticipated.
Although the sample size is large
(>1000) and concentrates on a subgroup (young Japanese women), the
individual behaviour of this group
is too diverse to easily find
statistically
significant
impacts.
However,
non-significant
coefficients do not mean that there
is no relationship or that the sign is
necessarily
opposite.
Nonsignificant coefficients may well
serve to gain insights.
In this paper, results in changes of
consumption patterns, such as time
use and household expenditure
allocation, and that of happiness
and life satisfaction, between
adopters and non-adopters were introduced. These elasticities will be used in Module C to
calculate the consequences of CO2 emissions.

Findings of Module CP

Although this research is only half-completed, our initial findings of this on-going project
are as follows:
• The JPSC panel dataset obtained for this study was comprehensive and detailed, and
basically useful for our analysis;
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• The data on time use are not detailed enough and we focused more on elasticities on
consumption activities;
• This module produced data that allows empirical calculation of the average direct and
indirect rebound effect for the three case studies. This information is highly significant
because the rebound effects need to be considered not just for target groups but for all
consumers of a service or good.
• The data contain a great variability even though the selected sample for this study
belonged to a similar demographic attributes. Due to this great variability, we could not
observe significant differences among the variables in targeted groups. As a result, our
discussions were based on the mean values of the data. In order to make our discussions
more concrete, it may be helpful if the variances are minimized further by classifying the
sample into distinguished target groups (certain attributes, such as demographic, social,
economical, geographical, psychological, behavioural attributes, etc. ).
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