The University of Sydney

AUSTRALIA

&

£23
=

g ,

A MY
r !\&

Happiness vs the environment

ian lifestyles

A case study of Austral




Lenzen & Cummins: Happiness vs the environment

This page is left intentionally free



Lenzen & Cummins: Happiness vs the environment

Happiness versus the environment C a case study of Australian lifestyles

Manfred Lenzen*, Robert A./ dzY YAy al

*Corresponding author: ISA, School of Physics A28, The University of Sydney NSW 2006, Australia, ph
+61/2/9351-5985, fax +61/2/9351-7726, email m.lenzen@physics.usyd.edu.au

U School of Psychology, Deakin University, 221 Burwood Hwy, Melbourne Vic 3125, Australia, ph +
61/3/9244-6845, fax + 61/3/9244-6858, email robert.cummins@deakin.edu.au

Abstract ¢ We integrate a number of databases on subjective wellbeing, household expenditure,
emissions and resource use, in order to investigate the relationship between happiness and the
environmental impact of households. We quantify the environmental impact of households as the
effects ¢ in terms of greenhouse gas emissions, water use, land use and material flow ¢ that occur
throughout the life cycle of the goods and services that the household buys. To our knowledge, such
a study has never been carried out before. In particular we identify socio-economic-demographic
drivers, analyse potential trade-offs, and discuss implications for the design of policies that would
support lifestyle changes with double dividends of increased wellbeing and reduced environmental
impact. We find that income strongly drives both wellbeing and impact, and hence poses a
formidable challenge for policy. On the other hand, moving to larger households promises a double
dividend for people and the environment. Less striking, but significant drivers of both wellbeing and
impact nevertheless, are the desires for a high qualification and house ownership. Finally, personal
car ownership increases subjective wellbeing, but living in areas with high car ownership has the
opposite effect.
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1. Introduction

There is a general dearth of information on the connection between the subjective wellbeing (SWB)
of populations and objective measures of environmental pollution (Ferrer-i-Carbonell and Gowdy
2007). One reason is the very different disciplines that concern each form of measurement. The
former is the province of psychology, the latter the province of the physical sciences. Bringing these
two areas together presents formidable conceptual and technical barriers.

There are several studies focussing on the relationship between wellbeing and attitudes towards the
environment (Brown and Kasser 2005; Ferrer-i-Carbonell and Gowdy 2007; Welsch, 2002), between
wellbeing and the measured state of the environment in the vicinity of the household®, and between
attitudes towards the environment and environmental impact (Gatersleben et al. 2002). In 2007,
Y%A Ry O $estigatadrtie level of happiness and environmental sustainability over time at the
national level, and found a strong positive correlation.” However, this study did not take into
account socio-economic-demographic variables that may explain common underlying traits, such as
GDP and (un)employment rates.

To our knowledge, there exists at present no survey data that contain both information on SWB and
the environmental impact of household consumption. Thus, the work to be reported here breaks
new ground by integrating two separate databases ¢ the Australian Unity Wellbeing Surveys (AUWS,
ACQOL 2001-2010; Cummins et al. 2003), and the Australian Household Expenditure Survey (HES,
ABS 2007). These two surveys, in combination with a number of other databases, as well as the use
of sophisticated mathematical techniques, allowed us to quantitatively unveil for the first time the
relationship between personal wellbeing and the environmental impact of consumption. In
particular we

- identify socio-economic-demographic drivers,

- analyse potential trade-offs, and

- discuss implications for the design of policies that would support lifestyle changes with

double dividends of increased wellbeing and reduced environmental impact.

We present our findings as follows: In Section 2 we explain our methodology and data sources.
Section 3 presents detailed results, which are discussed in Section 4. Section 5 concludes with an
outlook for future research.

1 An example is air pollution (Pacione 2003; Welsch 2006; MacKerron and Mourato 2009; Smyth et al. 2008).
Welsch (2002; 2007; 2009) discusses linking data on subjective wellbeing and the environment for the purpose
of monetary valuation of environmental quality.

21/27\ RFyOS1 Ffaz2 NBLR2NIA | yS3l A @nSssiodsAanhehsi femissidng per
unit of GDP). Even if this relationship could be verified as causal, it would be mainly irrelevant in terms of
environmental conservation (see Lenzen et al. 2006). This is because, even though technological progress
causes emissions intensities to decrease, total emissions are likely to increase because, in many countries, GDP
growth has so far outpaced technological gains (Lenzen and Smith 2000, Wood 2009, Wachsmann et al. 2009).
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2. Methodology and data processing

Our approach is based on two surveys: the AUWS (Section 2.1) and the HES (Section 2.2). The AUWS
includes a seven-item scale, the Personal Wellbeing Index, which measures Subjective Wellbeing
(SWB) which is used directly as a variable in our analyses. The HES lists weekly expenditures on
commodities. These data cannot be used directly, but have to be processed in combination with
other databases in order to yield information on environmental impact. The mathematical
procedures we employed to this end are described in Appendix A.1.

One of our main aims is to explain the two key quantities ¢ SWB and environmental impact ¢ as a

function of socio-economic-demographic drivers. In the following, we will call these two key

jdzZt yGAGASE a& SELJX I A YSR @I NRI 6f S &#ofh sulvefsRontdikKsS RNRA @S
range of companion data from which explanatory variables can be derived. These are socio-
economic-demographic quantities, such as employment status, income, and age. We succeeded to

derive from the companion data 17 such explanatory variables common to both surveys, and this is

our main achievement in terms of data preparation. However, these two surveys also differ in many

respects, and integrating them by matching companion data with respect to their definitions, proved

far from trivial (Sections 2.3 and 2.4).

Since the two surveys were undertaken on different samples of the population, they cannot be
combined at the sample level, but only by extracting broad trends. To this end we employ multiple
regression and hypothesis testing techniques (Sections 2.5 and 2.6).

2.1. Australian Unity Well-being Surveys (AUWS)

The Australian Unity Wellbeing { dzZNJ3S@ & YSI adzNB ! dzZaG N f ABAAQ al (A
survey incorporates the Personal Wellbeing Index. This instrument generates a measure of

Subjective Wellbeing (SWB) through the average level of satisfaction across seven aspects of

personal life ¢ health, personal relationships, safety, standard of living, achieving, community
connectedness, and future security.

The scientific impetus for the systematic study of SWB can be traced to the two extraordinary
publications of Andrews and Withey 1976 and Campbell et al. 1976. While there had been sporadic
prior reports on population SWB, usually measured as life satisfaction or happiness mood, these two
substantial works launched the idea that SWB could be reliably measured. Moreover, and very
importantly, they reported such measures to be remarkably stable and reliable. The reason for this
stability has been attributed to stable personality characteristics and genetics (Lyubomirsky et al.
2005; Lucas 2007) 6 KA OK LINBE GA RS SI-IOKA YIS QE P YHeddel EnEWebdngW2 S (i
1989). These set-points are positive. The normal range of set-points has been proposed to lie within
the range of about 60 -90 points (see Cummins et al. 2002). A considerable body of research has
demonstrated that most people are satisfied with their own life. In Western nations, the average
SWB value for population samples is about 75 percentage points of satisfaction.

It is also proposed that SWB normally sit close to its set-point, and that this stability is achieved by
an active homeostatic process. The theory of Subjective Wellbeing Homeostasis proposes that, in a
manner analogous to the homeostatic maintenance of body temperature, SWB is actively controlled
and maintained (see Cummins 2010 for an extended description). The single purpose of this system
is to hold SWB constant even as the person encounters fluctuating experiences with their
environment. As an example of the degree of stability that can be achieved, across 22 populations
surveys conducted to measure SWB in Australia to the end of 2009, the maximum variation in survey
mean scores was just 3.3 percentage points (Cummins et al. 2009).
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Importantly, however, the capacity of homeostasis to prevent the perception of change in SWB is
finite. A sufficiently adverse environment can defeat homeostasis and, when this occurs, the level of
subjective wellbeing falls below its homeostatic range. For example, people who experience strong,
chronic pain from arthritis have low levels of SWB (Germano et al. 2001). However, for people with
a normally functioning homeostatic system, their SWB levels will show little relationship to their
chronic circumstances of living.

The first Australian Unity Wellbeing Surveys, of 2,000 adults from all parts of Australia, was
conducted in April 2001. By December 2009 a total 22 surveys had been conducted (ACQOL 2001-
2010). In Australia the population average level of SWB is 75 points and, using the mean scores of
the 22 surveys to date as data, the standard deviation is about 0.8 of a percentage point. Clearly
these data are very stable from one survey to the next. Each survey also includes demographic
guestions (see Section 2.3).

2.2. Australian environmental impact framework

There is a long-standing tradition of investigating environmental and resource impacts of households.
The methods used in this stream of research were forged in the 1970s (Herendeen and Tanaka 1976),
and are still being adhered to today. Overviews of such studies applied in various countries are given
by Lenzen et al. 2006 and Hertwich 2010, and we refer the reader to these articles for information
further than the brief outline given here. In Australia, this type of research has resulted in detailed
spatial impact dispersion maps (Lenzen 2009), and has also led to the publication of a widely
disseminated Environmental Atlas (Dey et al. 2007; ISA and ACF 2007).

InessSyOSz |y Fylfteara 2F | K2dzaSK2f RQa Sy @ANRBY Y
household expenditure database, input-output tables, and matching satellite accounts containing
environmental data. In our case, these data sources are the Australian HES (ABS 2007), the
Australian Input-Output Tables (Gallego and Lenzen 2009), as well as four satellite accounts. In
Australia (unlike in many European countries), published satellite accounts are not harmonised with
input-output tables; labour-intensive re-classification and alignment has to be carried out by the
researcher. In our case, we constructed harmonised satellite accounts for the following four
environmental indicators: greenhouse gas emissions (from the National Greenhouse Gas Inventory,
AGO 2009), water use (Australian Water Accounts, ABS 2006), land disturbance (a biodiversity
indicator constructed from various sources, see Lenzen et al. 2008), and material flow (ABARE 2009
and other sources, see Wood et al. 2009). For an overview of the definitions and data sources
underpinning the four satellite accounts see ISA 2010.

The fact that input-output tables are used indicates that this method quantifies environmental
impacts in a life-cycle perspective, that is, covering the entire industrial supply-chain network that
underpins the final consumption of households. Thus, the numbers that result from such input-
output calculations represent the total emissions, water, material or biodiversity impact, or
Ofootprinté of households (for an introduction see Wiedmann and Minx 2007; Wiedmann 2009;
Murray and Wood 2010). Such footprints are widely interpreted as a measure of responsibility of
households for the damage they cause to the environment (Lenzen and Murray 2010). This is an
important feature of our analysis, since it has been shown that assessments confined to direct, on-
premises effects such as electricity and gas use in the household, or petrol use in the car, will
underestimate true environmental impact by more than 100% (Lenzen 2001).
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2.3. Matching explanatory variables

The AUWS and HES almost never contain companion data on variables with exactly matching
definitions. A number of adjustments had to be made in order to extract as many common
explanatory variables from the two databases as possible, and to align these as much as possible in
terms of their definitions.

For example, whilst the AUWS reports gross household income, the HES reports disposable (cash)
income, which had to be converted into income using additional information on income tax
payments. Similarly, the AUWS mostly contains the age of the survey participants, and lists the age
of other household members only in less than 20% of samples (most of which are households with
more than 2 members). We calculated the median age for all 2-member households by a) extracting
data on those households where the age of both members were given (1.7% of samples), b)
determining from those an average ratio of median-to-respondent ages, and c) applying this ratio to
2-member households where only the age of the survey participant was given. Finally, car ownership
in the AUWS is queried by a simple yes/no question. In affirmative cases, we determined the
number of vehicles per-capita simply by assuming one car for the entire household, and dividing by
the number of household members. We suspected that this procedure could underestimate car
ownership, since we miss all second vehicles. However, a comparison with Australian Census data
(see Fig. 1) showed that when averaged out, our car ownership variable so constructed conformed
very well with Census information. Subject to these adjustments, we were able to construct 17
explanatory variables common to both AUWS and HES (Tab. 1 and Appendix A2).

The companion data in the AUWS and the HES are incomplete. The HES does not provide any

information on population density, percentage of household members born overseas, and car

ownership, but the 108 samples are complete with respect to the remaining variables (see Appendix

A3). We therefore substituted missing ABWS and HES data with information from the Australian

Census (Table A3.2). This is a valid procedure for the HES in any case, because Census data can be

sourced from Census Basic Community Profiles for Statistical Division (SD) for all HES samples and

Statistical Sub-Division (SSD) for HES urban area samples. The AUWS lists Postal Area (PA) code, and

hence missing data were substituted from Census Basic Community Profiles for PAs. Once again,

Census information had to be processed in order to match the definitions of explanatory variables.

| 26 SOSNE Ay 3ISYSNIEX AYTF2NXIGA2Y adzoadAddziSR Ay
and not of the individual household. The variables where most information is complemented by
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Variable Definition AUWS * +) ) ) ))))))) ), HES Census

(symbol) construction (see Tab. A1) coverage (see Tab. A3.2)

age Median age of household from 11 AUWS items 97.7% weighted average over X (B02)
members age ranges

size Number of household from 5 AUWS items 66.6% X X (B02)
members

inc Annual per-capita gross partly directly measured, partly 58.1% add weekly netincome X (B02)
household income derived from ranges and income tax data

emp Employment status ¢ % of full-time ¢ 100%, part-time ¢ 50% 46.8 % divide employed divide labour force (B041) by
household members employed members by size population (B01)

pop Population density ¢ from PA Census 99.9% from SD and SSD divide area (cover sheet) by
people/km? Census population (B01)

qual Qualification index (Tab. from 3 AUWS items (Tab. A2.2b) 5.5% asinTab.A2.2a weighted average over qualification
A2.2a) (B39) with weights as in Tab. A2.2a

ten Tenure type index (Tab. A2.3a) from 3 AUWS items (Tab. A2.3b) 10.2% asinTab. A2.3a weighted average over tenure type

(B32) with weights as in Tab. A2.3a

born Migrants ¢ % of household born in Australia ¢ 0, otherwise ¢ 1 18.3% all from Census 1 ¢ people born in Australia (B09)
members born overseas divided by population (B01)

car Car ownership ¢ number of yes ¢ 1/size, no ¢ 0 8.2% all from Census weighted average over car
vehicles per person ownership ranges (B29)

state State in which household is from PA code 100 % from SD and SSD not needed since AUWS and HES

located ¢ 8 dummy variables

identifier

complete

Tab. 1: Explanatory variables derived from companion data common to all surveys. The table describes how variables were constructed from raw data; X
indicates that variable exists as raw data item. In addition, the AUWS coverage indicates what percentage of missing data had to be filled with Census
information. PA = Postal Area, SD = Statistical Division, SSD = Statistical Sub-Division.
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2.4. Sample characteristics

In order to compare AUWS and HES samples with the Census in terms of their mean characteristics, we
aggregated the AUWS sample into random groups of 50 respondents, and re-plotted the frequency
distributions (Fig. 1). AUWS respondents were on average older and richer than people in their PAs, SDs
and SSDs, and lived in smaller and more urban households. However, they had similar employment status,
qualification, tenure, Migrants, and car ownership. Data on population density are not contained in either
AUWS or HES, but were derived from Census PAs, SDs and SSDs. The AUWS distribution of population
densities is identical to, and overlaps perfectly with, the distribution of Census data for this variable.

1 1
05r 0.5
0 - " T 0 /. r — r — _r
20 30 40 50 60 70 0 10 0 20 40 60 80 10(
Median age [years] Gross income ['000AUS$/cap/year]
1 1
05r 0.5
oY AN |4 0 / . . . /] .
0 0.5 1 15 -6 -4 -2 0 2 0 1 2 3 4
Household members employed [fraction i i 2 ualification [index
ployed [ ] Population density [log, ;(people/km?)] Q [ ]
1 1 1
0.5r , 05 0.5r
! Wha KA _ ‘
0 . 0 - r V P S O - __ L I3 o
1 2 0 0.2 0.4 0.6 0.8 1 0 0.5 1 1.t
Tenure type [index] Migrants [fraction] Car ownership [wvehicles per capital

Fig. 1: Normalised frequency distributions of explanatory variables (AUWS samples aggregated). Blue:
AUWS, before filling in of missing data; green: HES; red: Census.

2.5. Multiple regression

The two surveys comprise disjunct sets of respondents, so that they cannot be combined at the sample
level, but only by extracting broad trends. To this end we employ multiple regression techniques. In
particular we attempt to explain a) SWB, and b) environmental impact E as in Equation Al.1, as a function
of the 17 explanatory variables listed in Tab. 1.

Essentially, multiple regression decomposes an explained variable winto contributions of explanatory
variables {Xi}. Perhaps the most simple specification is® BT @, where the regression coefficients

1 — describe the absolute change in the explained variable as a result of absolute changes in the

explanatory variables.’> Brereton et al. 2008, for example, uses this formulation to explain subjective

* This specification includes a constant term{ if we set X, to {1,...,1}.
9
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wellbeing as a function of age, education, employment status, population density, and tenure type,
amongst other geographic variables. A general formulation for additive specifications is @ B "Qm ,

and in this work we explore the formw B f I To , where— —, and thef j describe the

absolute change in Was a result of percentage changesT @j @ in the @. Stutzer 2004 and Brereton et al.
2008, for example, use this formulation to explain subjective wellbeing as a function of income.

The literature on environmental impacts of households (for example Wier et al. 2001; Lenzen et al. 2004;
Cohen et al. 2005; Lenzen et al. 2006) often mentions a specification where the explained variable is

logged, for examplel T BT ®. Here, — | B Q f W so that thef —L describe a
percentage change in Was a result of absolute changes in the @ . Finally, the specificationl T¢)
Bt 1 Tow is used for income variables because® B @ so that — T ® B —Q

This leads tof i assuming the well-known elasticity form, where a percentage change in Wis the

result of percentage changes in the .

Logarithmic specifications are characterised by diminishing sensitivity of changes as variable values
increase. Such behaviour has an intuitive explanation. For example, receiving a $1,000 pay rise at a salary
of $20,000 leads to larger changes in consumer behaviour than receiving the same pay rise at a salary of
$50,000. Similarly, ageing 5 years at the age of 20 may change behaviour more than ageing the same
amount at the age of 50. Or, adding one more member to a 2-person household requires more changes in
the house than adding one more member to a 5-person household. Therefore, we experiment with logged
specifications for the variables income, age and size. We also a trial logarithmic specification for the
population density variable because this variable ¢ unlike all others ¢ spans several orders of magnitude,
and a logarithmic specification is able to even out differences in magnitude across the explanatory
variables.

A well-known issue in multiple regression is (multi-)collinearity: If two or more explanatory variables are
highly correlated, they & f 2 the$ éxplanatory power to each other during the multiple regression, that is
their regression coefficients are smaller and less significant than they would be in the absence of
correlated variables. It may even be that signs of regression coefficients switch under exclusion of
correlated variables from the regression. Most importantly, under collinearity, regression results do not
allow the unambiguous interpretation of variables with regard to their power and significance in explaining
the regressed variable. Therefore, it is common practice to exclude from the suite of explanatory variables
those that are strongly correlated. To this end, we computed a matrix of pairwise Pearson's linear
correlation coefficients r for all explanatory variables in the AUWS and HES sets (Tab. 2).

age size inc empl pop qual ten born

size
inc
empl 0.70
pop
qual 0.75
ten
born 0.68 0.55
car 0.48 -0.41 -0.44

Tab. 2: Matrix of pair-wise Pearson's linear correlation coefficients r for all explanatory variables in the
HES data set. Bold font: | 7|>0.6, regular: 0.6 p|>0.4, grey italic: 0.4 p|. State dummies are not shown
because | 7| < 0.1 for these variables.

10
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We compared the signs of the correlation coefficients for both sets, and found that for all coefficients with

| 7] > 0.1, the signs of the AUWS and HES correlation matrix elements coincide. This indicates that we were

reasonably successful in matching the definitions of the explanatory variables we constructed. For all

variables in the AUWS data set, as well as for all state dummies we found that | 7| < 0.5, and hence these

coefficients are not shown in Tab. 2. We found three instances of strongly correlated variables. First,
YLYO2YSQ YR WOYLIX2@YSyid adradzaQ IFNB LI2aAlh St @
Y2ySed {SO2yRI Wt 2Ldz I GA2Yy RSyaAdeQr WvdzZ €t AFAOI (A
other, indicating that high proportions of highly qualified people born overseas can predominantly be

found in urban centres. As a consequence, we chose to exclude Wriployment statusQ and either

Wt 2 1LJdzAE F GA2Y RSy aAide Q>fronritedalitd ok T .AFdD theithrée yefuce@ 18JatdbleA I NIy
sets, we evaluated the following multiple regression specifications:

L e 00 i e d Aol ARl 008 adl T i 0Mo0R
S YWO ey THQQT QANTQEG N ol 0Q GOl T i 0OAQ
g1 e 1T Qe Qe d ARGl Ane 0Q adl T i 0 GAQ
o vk 1 GOQQ i QalTQEdf And e 0Qe ddI T i 00dQ
T T OQQ i QAINQEG T TRENT AOT 0QE OO Il ooe

uuuu

denotes eitherf n 6 o @& i. Note that the specifications in Equations 1-4 only include dummy
variables for 7 of the 8 States and Territories (the ACT is excluded). This is once again due to having to

avoid multi-collinearity: Since alli 0 ddonfies add up tof , we can either include 7 dummies and the
constant] , orinclude all 8 dummies but exclude] . The choice between the two options has no effect on

the results, except that in the first option,f NB LINBaASy Ga | Gol asStAyS¢é 'y R
deviation from this baseline, whilst in the second option, the dummies represent 8 State-specific baselines.

We chose the first option for better comparability.

In total, we carry out 60 multiple regressions: five regression specifications, for three options of excluding
two of three correlated variables, for four explained variables. For example, Equation 4d is the well-known
regression specification wherel is the income-elasticity of environmental impact. We applied Weighted
Least Squares WLS to both data sets. The AUWS contains only single-household samples with the same
variance, so that the AUWS set of variables can be considered homoskedastic, and all WLS weights are
equal. However, our HES dataset consists of a 0.1% sample of the Australian population, parsed three
times, once into income percentiles, once into family types, and once into SDs, of which the urban SDs are
represented once more as SSDs. The income percentile and family type samples are by far the largest, and
the rural SDs the smallest samples, yet there are many rural SDs and it is in these that much of the socio-
economic-demographic variation occurs, such as population density, car ownership, qualification etc. As a
consequence, HES sample sizes vary between 10 and 1723 households, and heteroskedasticity is likely. We
used the square root of sample sizes as our WLS weights, weighted both explained and explanatory
variables, and applied Ordinary Least Squares to the transformed data sets.

It is accepted practice in regression exercises to report on the statistical significance of the regression
coefficients. Therefore we carried 2 dzii | {t teddzbd Swryi r&eession coefficient, and examined the
null hypothesis that these coefficients are not different from zero. For each regression coefficient we then
report the t statistics and the level of confidence at which the coefficient is different from zero. Finally, we
report the R? coefficient of determination, which is a measure of the overall explanatory power of the
specification to explain the variance of the explained variable.

11
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2.6. Combining regressions

The main aim of our work is to integrate wellbeing and environmental impact, and to this end we combine
the regressions of these two key variables as follows: Let"Y® 6 "QF fw and'O  "Qf “his , where
Y ® &denotes the personal wellbeing index of the AUWS sample and ‘O the environmental impact of the
HES sample. The function symbol f stands for any of the regression specifications, @ andf for the AUWS
explanatory variable data set and its regression coefficients, and & andf * for the HES explanatory
variable data set and its regression coefficients. Assuming that the definitions of the AUWS variables @
and the HES variables @3 are identical, we can apply the regression coefficients obtained from the AUWS
data set to the HES set @3, and vice versa, to estimate the environmental impact

O O (5)
of the AUWS sample, and the wellbeing

Yob O (6)
of the HES sample.

The AUWS reports on the wellbeing of the survey participant only, not on the wellbeing of the entire
household. The HES reports expenditures and, in combination with the other data sources, the
environmental impact of the entire household, not just on the survey participant. Hence, Equation 5
estimates the environmental impact of the AUWSIS & LI2 Y RSy (1 Qa K2dzaSK2f RX
variables @ given by the respondent apply equally to the entire household. Similarly, Equation 6
estimates the wellbeing of the HES respondent, assuming that the explanatory variables 63 of the
household apply equally to the entire respondent. The comparison is further complicated by the fact that
we needed to complement the two surveys with information referring to the location of the household, so
that the explanatory variable sets are really a mix of individual, household and regional information.

The pop variable and the state dummies are clearly unproblematic in this respect, since in both sets these
variables are completely represented by Census data. Similarly, in both sets the variables qual and car are
made up predominantly of Census data, however in Equations 5 and 6 we implicitly assume that the

NEALRYRSY(GQa ljdzt t AFAOFIGA2Y YR OIFNI 26YySNERKALI |

the Postal Area. In both surveys, the inc, size and ten variables refer to the household, however the AUWS
includes a proportion of Census data. Whilst this proportion is relatively low for inc and size, about 90% of

the ten variable in the AUWS is represented by Postal Area data. HereX ¢S | dadzyS GKI

K2dzaSK2f RQa GSydaNBE A& Sldzrt G2 GKS @SN 3IS

In a set of regression experiments (reported in Appendix D) we tested the robustness of our assumptions
as follows: First, we excluded, for each of the AUWS variables, those samples where average Census
information was used, and re-ran a multiple regression on the sample so reduced. Second, we examined
whether the regression coefficients of the respective variable had changed significantly with respect to the
original regression.

3. Results and discussion
Because of limitations in journal space, we chose greenhouse gas emissions (GHG) for the presentation of

our detailed results, and for comparison with the other key explained variable SWB. In Section 3.4 we
report only aggregated results for the remaining indicators, water use, material flow, and land disturbance.

12
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3.1. Regression coefficients

Multiple regressions yield a wealth of information. The sign of the regression coefficients tell whether the
explanatory variables act as retardants or as accelerators for the explained variable. The values of the
regression coefficients tell the strength of the influence. The t test yields whether the relationships are
significant, that is statistically distinct from a lack of connection between explanatory and explained
variables. The level of confidence (90%, 95%, and 99%) tells what the chances are (10%, 5%, and 1%,
respectively) that even though the results show a relationship, there is in reality no connection.

The different regression forms provide for different interpretations of the relationships. Take for example
greenhouse gas emissions and income (Tab. 4a): In Equations 3a, 3b, 3c and 3e, describes the change in
per-capita tonnes of CO,-equivalent emissions (0.36 t CO,-e) that would result from a AU$1000 increase in

income. In Equation 3d,T describes the change in per-capita tonnes of CO,-equivalent emissions (4.5 t

CO,-e) that would result from a 100% increase (doubling) in income. In Equations 4a, 4b, 4c and 4e,]

describes the percentage change in per-capita tonnes of CO,-equivalent emissions (2%) that would result

from a AUS1000 increase in income. In Equation 4d,T describes the change in per-capita tonnes of CO,-
equivalent emissions (29%) that would result from a 100% increase (doubling/ Ay Ay O2YS -6(GKS
StlFadAOAGe 27T fofsréshls drahiRggodl dgfeament: K35 & ®,-e are indeed about 2% of

total emissions (about 18 t CO,-e/cap), and 4.5 t CO,-e are about 29% of total emissions.

Most importantly, 6 A G K G KS SEOSLIiA2Yy 2F G(KS WaAi dthitejstioddd O2 S 73
single instance where the signs of highly significant coefficients change as a results of applying a different

regression specification. This indicates the robustness of the data sets with regard to extracting trends and
relationships.
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Equation Age size inc pop qual ten born Car
Units /year /member JAUS1k /('000/km?) /index point /index point /% /vehicle
SWB

1a points/ 0.08+0.001 *** 1.23+0.012 *** 0.06+0.002 *** -0.440.12 *** 0.4+0.18 *** 2.6+0.12 *** -1.7+0.47 *** -0.940.73 ***
SWB

1b  points/ 2.9+0.03 *** 1.10+0.012 *** 0.0510.002 *** -0.4+0.12 *** 0.440.17 *** 2.7+0.12 *** -1.7+0.47 *** -0.8+0.72 **
SWB

lc points/ 0.09+0.001 *** 3.6+0.04 *** 0.06+0.001 *** -0.34+0.12 *** 0.4+0.15 *** 2.5+0.11 *** -1.7+0.43 *** -0.31+0.65
SWB

1d  points/ 0.09+0.000 *** 1.45+0.004 *** 2.4+0.07 *** -0.4+0.09 *** 0.2+0.18 *** 2.6£0.13 *** -1.8+0.46 *** -1.2+0.81 ***
SWB

le points/ 0.08+0.000 *** 1.26+0.016 *** 0.06+0.002 *** -0.31+0.06 *** 0.4+0.18 *** 2.6+0.08 *** -1.6+0.62 *** -0.840.66 **

2a % SwWB/ 0.12+0.001 *** 2.06+0.014 *** 0.0910.002 *** -0.4+0.18 *** 0.740.20 *** 4.240.14 *** -2.4+0.59 *** -0.6+0.82

2b % swa/ 4.0+0.04 *** 1.84+0.015 *** 0.08+0.002 *** -0.4+0.18 *** 0.7+0.19 *** 4.4+0.14 *** -2.3+0.59 *** -0.5+0.81

2c % SWB/ 0.13£0.001 *** 6.0£0.04 *** 0.0910.002 *** -0.3+0.17 *** 0.710.16 *** 4.040.11 *** -2.4+0.52 *** 0.31+0.68

2d % SwB/ 0.13£0.001 *** 2.43+0.004 *** 3.8+0.09 *** -0.5+0.14 *** 0.4+0.21 *** 4.1+0.16 *** -2.5+0.57 *** -1.240.95 **

2e % SWB/ 0.12+0.000 *** 2.09+0.022 *** 0.0910.002 *** -0.3+0.08 *** 0.740.22 *** 4.2+0.09 *** -2.2+0.81 *** -0.6+0.82

Tab. 3a: Regression coefficientsT for the AUWS data set @, obtained from regressions "Y® & "Qf hi according to Equations 1 and 1. Listed are the mean + standard deviation
over 3 regressions with empl and either pop, qual and born excluded. Detailed results are listed in Appendix C. *** significantly different from zero at the 99% level of confidence, **
95%, * 90%, grey font: significance below 90%. Units of coefficients can be read from column 2 and row 2. For example the unit of the coefficient for Equation 1d and the variable
size is change in SWB points per unit change in the number of household members. Grey background indicates a percentage change in the explanatory variable. For example the
unit of the coefficient for Equation 2d and the variable inc is the percentage change in SWB points per percentage change in per-capita income.
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Equation NSW Vic Qld WA SA Tas NT bo
Units /move /move /move /move /move /move /move

1a  SWB points/ -0.1+0.18 0.6+0.17 *** 0.9+0.12 *** -0.2+0.04 0.6+0.17 *** -0.1+£0.15 2.2+0.14 *** 56+1.1 ***
1b  SWB points/ -0.1+0.18 0.6+0.17 *** 0.9+0.12 *** -0.2+0.04 0.5+0.17 *** -0.1+0.15 2.1+0.14 *** 49+1.2 ***
1c SWB points/ -0.1+0.16 0.6+0.15 *** 0.9+0.11 *** -0.2+0.02 0.6+0.15 *** 0.0£0.15 2.2+0.13 *** 56+1.0 ***
1d  SWB points/ 0.0£0.18 0.7+0.19 *** 1.0£0.09 *** -0.1+0.05 0.7+0.17 *** 0.1+0.13 2.0+0.13 *** 50+0.8 ***
le SWB points/ -0.11£0.16 0.7+0.23 *** 1.0£0.17 *** 0.0£0.15 0.7+0.25 *** 0.0£0.22 2.2+0.12 *** 55+1.0 ***
2a % SWB/ -0.41£0.23 0.8+0.20 *** 1.31£0.19 *** -0.2+0.07 0.8+0.22 ** 0.1+0.23 3.7+0.20 *** 4.0£0.02 ***
2b % sws/ -0.410.22 0.8+0.19 ** 1.340.19 *** -0.2+£0.07 0.8+0.22 ** 0.1+0.22 3.6+0.20 *** 3.9+0.02 ***
2c % SWB/ -0.31£0.20 0.8+0.16 *** 1.31£0.18 *** -0.2+0.07 0.8+0.19 ** 0.2+0.21 3.7+0.18 *** 4.0£0.01 ***
2d % Sws/ -0.2+0.22 1.040.21 *** 1.440.12 *** -0.1+£0.03 1.040.20 *** 0.4+0.18 3.3+0.17 *** 3.9+0.01 ***
2e % SWB/ -0.41£0.20 0.9+0.28 *** 1.440.24 *** 0.0£0.17 0.9+0.31 *** 0.3+£0.30 3.740.20 *** 4.0£0.02 ***

Tab. 3b:

Tab. 3a continued.
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Equation age Size inc pop qual ten born car
Units /year /member JAUS1k /('000/km?) /index point /index point /% /vehicle

3a tCO,e/ 0.08+0.054 ** -2.240.04 *** 0.36+£0.010 *** 0.50.56 *** 3.840.73 *** 1.0+£0.06 *** -2.0+2.87 ** 5.045.03 ***
3b tcoye/ 1.3£1.39 *** -2.3£0.03 *** 0.36+0.008 *** 0.5+0.53 *** 3.710.70 *** 0.9+0.07 *** -3.441.34 *** 3.0£2.56

3C  tCO,e/ 0.06£0.053 * -6.0+£0.08 *** 0.36+£0.010 *** 0.540.55 *** 3.840.79 *** 1.0+£0.06 *** -2.1+2.80 ** 5.245.07 ***
3d tco,e/ -0.03+0.055 -2.520.04 *** 4.5+0.18 *** 0.7+0.68 *** 4.4+1.18 *** 0.9+0.08 *** -3.542.97 *** 2.8146.21

3e tCO,e/ 0.11+0.114 *** -2.3+0.02 *** 0.37+0.017 *** -0.1+0.06 ** 4.2+0.25 *** 0.9+0.14 *** 0.716.69 2.7+2.57

4a % GHG/ 1.85+£0.790 *** -13+0.1 *** 2.16+0.123 *** 0.3+4.56 4448.4 *** 1340.8 *** 55+4].4 *** 117452.6 ***
4b % GHG/ 62.0+7.93 *** -13+0.0 *** 2.14+0.055 *** 0.5+2.71 * 2442 9 *** 8+0.7 *¥** 14+13.8 *** -26+12.9 ***
4c % GHG/ 1.76£0.775 *** -33+0.2 *** 2.14+0.122 *** 0.6+4.57 44477 *¥** 1340.7 *** 52+40.6 *** 117451.9 ***
4d % GHG/ 1.17+0.743 *** -154+0.1 *** 29.3+1.74 *** 1.545.09 *** 4645.7 *¥** 13+0.6 *** 45+40.0 *** 991527 ***
de % GHG/ 1.86+£1.026 *** -13+0.4 *** 2.18+0.160 *** -1.740.84 *** 4447 .4 *** 1342.2 *** 86+85.9 *** 114434.8 ***

Tab. 4a: Regression coefficientsT * for the HES data set &3, obtained from regressions "0'0°0 "X “fos according to Equations 3 and 4. Listed are the mean * standard deviation
over 3 regressions with empl and either pop, qual and born excluded. Detailed results are listed in Appendix C. *** significantly different from zero at the 99% level of confidence, **
95%, * 90%, grey font: significance below 90%. Units of coefficients can be read from column 2 and row 2. For example the unit of the coefficient for Equation 3d and the variable
size is change in emissions per unit change in the number of household members. Grey background indicates a percentage change in the explanatory variable. For example the unit
of the coefficient for Equation 4d and the variable inc is the percentage change in emissions per percentage change in per-capita income.
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Equation NSW Vic Qld WA SA Tas NT b,
Units /move /move /move /move /move /move /move

3a tCOye/ 1.0+£1.13 ** 1.7+£1.30 *** 0.4+1.13 0.1+1.45 -1.3+1.65 ** -3.8+0.97 *** 2.840.30 *** 0.3+0.07 *

3b tco,e/ 0.9£1.37 * 1.7+£1.29 *** 0.3+1.36 0.1+1.39 -1.2+1.58 ** -3.8+1.12 *** 2.440.89 *** 0.2+0.15

3C  tCOye/ 1.0+1.12 ** 1.7+£1.30 *** 0.4+1.12 0.2+1.44 -1.3+1.64 ** -3.8+0.96 *** 2.840.29 *** 0.2+0.06

3d  tCOo,-e/ 0.8£1.34 * 1.5+£1.56 *** -0.1£1.34 -0.2+1.72 -1.5+£1.95 *** -4.3+1.17 *** 2.440.35 *** 0.3+0.10 *

3e  tCOye/ 0.9+1.34 ** 1.8+1.34 *** 0.2+1.40 -0.1£1.73 -1.3+1.87 ** -3.7+0.97 *** 2.440.62 *** 0.31£0.03 *

da % GHG/ 19+14.1 *** 12+15.6 *** 17+13.9 *** 10£18.7 *** -2+19.9 -19+10.3 *** 44147 *¥** 0.0210.001 ***

4b % GHG/ -2+8.3 * 3+8.0 ** -318.3 ** 1194 -1149,9 *** -3216.2 *** 1445.3 *** -0.02+0.005 ***

4c % GHG/ 19+13.9 *** 13£15.4 *** 17+£13.7 *** 11+18.4 *** -1+19.6 -19410.2 *** 441446 *¥** 0.01+0.001

4d % GHG/ 17+14.3 *** 11+£15.8 *** 14+14.3 *** 8+18.8 *** -3120.3 -22+11.0 *** 41448 *¥** 0.02+0.001 ***

de % GHG/ 16£16.4 *** 11+£16.1 *** 13£17.4 *** 414239 *** -5422.5 ** -1949.8 *** 40410.4 *** 0.01+0.007 **
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Summarising Tabs. 3 and 4, we find the following:

- The wellbeing baseline explained by the constant is about e* £ 50 SWB points. The per-capita
emissions baseline ranges between 0.2 tonnes CO,-e and e?? F M (CQ-¥. fHe effects of
explanatory variables on wellbeing and emissions are added to the baseline.

- Increasing age increases wellbeing by about 0.1 points (0.13 %) per additional year. A positive
effect was also reported by Brereton et al. 2008. Note however that in the raw data, wellbeing
decreased from 18-25 years to 45-55 years, and then increases. We have not incorporated a
functional form especially to regress the initial decrease. Age has only a weak effect (+ 0.1 tonnes
CO,-e or +1-2% per year) on emissions.

- Increasing household size increases wellbeing by about 1.3 points (2 %), and decreases per-capita
emissions by about 2.4 tonnes CO,-e (13 %) per additional member. The emissions reductions are
largely caused by people sharing household items. Note however that in the raw data, increasing
household size from one adult living alone, to one adult and one child decreases wellbeing.

- Increasing per-capita income by AU$1000 increases wellbeing by 0.05 points (0.1 %), and per-
capita emissions by 0.4 tonnes CO,-e (2 %). In terms of the elasticity specification 4d, a 10%
increase in income leads to a 0.4% increase in wellbeing, and in a 2.9% increase in emissions.” This
relationship naturally yields diminishing returns as incomes grow: For example, a AU$10,000
increase at a base salary of AU$50,000 causes a 6% increase in emissions, but only a 3% increase at
a base salary of AUS90,000. This is a general pattern observed for emissions
(Wier et al. 2001), as well for other environmental quantities (Lenzen and Foran 2001; Lenzen and
Murray 2001b; Lenzen et al. 2006), which can be explained by preferences shifting from emissions-
intensive goods to less emissions-intensive services towards higher incomes. Diminishing
additional wellbeing at increasing incomes has also been observed (see Frey and Stutzer 2002,
Tabs. 2 and 5 in Stutzer 2004, references listed on page 15 in Gowdy 2004, and Mayraz et al. 2006;
Abdallah et al. 2008; Brereton et al. 2008; Cummins et al. 2009). This relationship can be explained
by set-point range escapes for subjective wellbeing becoming gradually harder and less likely as
income grows.

- Increasing population density decreases wellbeing by 0.3 points (0.4 %) per increase by 1000
people/km?. Brereton et al. 2008 did not find a significant relationship, but this might be due to
the difference in regression specifications and variable suites. Since population densities span
many orders of magnitude, a logarithmic description is perhaps more appropriate. Here, wellbeing
decreases by 0.26 points (0.31 %) under a doubling of population density.” Population density does

* The linear regression coefficient corresponds to an emissions intensity of 0.4 kg CO,-e/AUS, which is below reported

Australian emissions intensities (around 0.7 kg CO,-e/AUS; see Dey et al. 2007). Similarly, our value of 0.29 for the
income-elasticity of emissions is lower than previously measured (0.55, Lenzen 1998). The reason for these
discrepancies is that most previous assessments use univariate instead of multiple regressions, where the method

assigned more of the explanatory power to the income variable. Note also that some previous assessments use

expenditure as opposed to income as an explanatory variable. The expenditure-elasticity of environmental impact is

always higher than its income-elasticity, because some income is not spent at all but saved (see Table 5 in Wier et al.

2001).

> As a reference for readers familiar with Australian geography, such a doubling occurs about each time when

progressing from the Pilbara and Kimberleys in WA (0.1 km™) to Far West NSW (0.2 km?), thento 2 | Q& b dzf f I ND
Plain (0.4 km"z), to Yorke Peninsula in SA (0.8 km'z), to the Mackay region in Qld (1.6 km'z), to Southern Tasmania (3.8

km'z), to South West WA (6.4 km'z), to the Victorian Gippsland (13.8 km'z), to Barwon outside Melbourne (27 km'z), to

the lllawarra south of Sydney (46 km'z), to the Yarra Ranges outside Melbourne (102 km'z), to South East Perth (177

km™), to Hornsby north of Sydney (407 km?)z (2 { @ Ry $& Q& (86D RniNJitK \Beskdfn MelSour@eK 1558

km™), and then to Inner Western Sydney (3201 km™)® Ly FI O G(KS DNI &y Rf SNJ St SOG2N
the lowest level of wellbeing in Australia (Mead and Cummins 2008).
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not have a consistent effect on emissions. However, the correlations with other HES variables (see
Tab. 3) could have a distorting effect. In fact, in the HES sample population density is negatively
correlated with expenditures on energy commodities (petrol, natural gas, electricity), which
conforms with the notion of urban consolidation reducing energy use. Therefore, the absence of a
negative regression coefficient could be caused by the influence of the higher urban incomes.

- Moving up one point on the qualification scale (see Tab. A2.2a) increases wellbeing by 0.4 points
(0.4 %). A positive effect on wellbeing was also reported by Brereton et al. 2008. Per-capita
emissions also increase with qualification, but effects vary between 4 tonnes CO,-e and 45% of
total emissions. The emissions effect could partly be due to the higher income of more highly
qualified people, since there exists some correlation (see Tab. 2).

- Moving one point up the tenure scale (see Tab. A2.3a) increases wellbeing by 2.6 points (4%),
hence it appears that owning a house is something that Australians find important for wellbeing.
Once again, a positive effect was also reported by Brereton et al. 2008. Improving tenure leads to
an increase in emissions, but coefficients vary between 1 tonne CO,-e and 13% per point.

- ITRRAY3 2yS O NJ (12 feghtzdrSosPwouRidi&reade ivdltitigiby aboyit 1 (1 K S
point, but would increase emissions by between 3 and 5 tonnes CO,-e. Further robustness tests
that excluded Census data resulted in a switch of sign of the emissions regression coefficient (see
Appendix D). Hence, while living in areas with high car ownership decreases wellbeing, personal
car ownership has the opposite effect.

- Moving from the ACT to Victoria, Queensland, South Australia and the Northern Territory is likely
to increase wellbeing, but only moving to South Australia and Tasmania would decrease emissions.
¢KS tFGGSNI A& RdzS (2 (KSasS {dFIdSaQ KAIK LINRLR
mix, in contrast to the coal-dominated other States, especially the emissions-intensive Victorian
brown coal.

3.2. Cross-application of regressions

Our quality and robustness tests (Appendix D) yielded that the elasticity specifications 1d and 3d perform
best. This is supported by results from the literature (Wier et al. 2001; Lenzen et al. 2004; Cohen et al.
2005; Lenzen et al. 2006 on environmental impacts of households, and Frey and Stutzer 2002 on
wellbeing). We therefore used these specifications to carry out our cross-applications of regressions and
data sets as in Equations 5 and 6 (Fig. 2).

Applying the HES-based environmental impact regression to the AUWS data set (left) shows that the range
of emissions is larger than in the HES sample (middle). This is because the AUWS is a single-household
sample database, with a wider range in explanatory variables than the HES (Fig. 1). It must hence be
expected that HES samples show an average wellbeing index, and this is indeed the case (middle graph).
We confirmed this by randomly aggregating samples from the AUWS set (left), and re-plotting (right graph).
Indeed, when the AUWS set is aggregated, it assumes a shape similar to the HES set. Finally, the median
emissions estimated for the AUWS are slightly higher than the emissions calculated for the HES set, mainly
because the median income in the AUWS set is higher than the median income in the HES set, and the
median household size in the AUWS is lower than the median household size in the HES set (Fig. 1).
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Fig. 2: Results of cross-applying regression coefficients to AUWS and HES data sets, according to Equations
5 and 6. Left: SWB (data) and emissions (regressed) for the AUWS data set; middle: SWB (regressed) and
emissions (data) for the HES data set; right: same as left, but for aggregations of samples to random
sample sizes.

Further, emissions are only low for samples with reported low wellbeing, but not vice versa: Even samples
with reported high wellbeing can achieve low emissions. We believe that SWB homeostasis accounts for
this ambiguity as well as the low R® of the AUWS regressions. Nevertheless there is a general tendency for
emissions to increase with wellbeing.

3.3. { { dzR $t¥sts Q &
In a final numerical experiment, we average over the 60 regression runs listed in Equations 1-4. Averaging
is not possible for the regression coefficients, because of their different definitions and magnitudes.

However, the mean of the t statistics can be taken across the regression runs (Fig. 3). Clearly, the relatively
small error bars of the t statistics shows that the significance of the regression coefficients is robust.
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Perhaps the most telling result for policy design is that there are four key decision factors in the
wellbeing/emissions nexus:

1) Income is clearly associated with a trade-off in terms of subjective wellbeing and emissions, and
hence presents a challenge to policy-making. This result agrees with numerous previous studies
that have demonstrated an unambiguous link between affluence and emissions (see Lenzen and
Smith 2000 and references therein).® The persistent wealth-vs-emissions trade-off presents a
daunting challenge to policy, and it remains to be seen whether environment-wellbeing double
dividends can be brought about (Jackson 2005).

2) The same also holds, albeit to a lesser degree, for tenure type, where owning a house increases
subjective wellbeing, but also emissions.

3) Living together with people clearly creates a win-win situation where both the climate and the
people benefit.

4) Car ownership generally leads to adverse outcomes in terms of emissions. Personal car ownership
enhances subjective wellbeing, but living in an area with high car ownership decreases subjective
wellbeing.

5) Older people are clearly happier, but the adverse effect on emissions could be shared with car
ownership, due to the positive correlation between these two variables.

®The overarching link between affluence and emissions has already been taken up by mainstream media (see
Monbiot 2008; 2009).
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6) Gaining qualification appears to have adverse consequences for emissions. This is the well-
documented knowledge-concern-action paradox: Whilst LIS 2 L#hoS/@dge about climate change
and personal values appear to cause concern and intent, the latter usually do not translate into
personal abatement action and measurable, significant reduction of environmental impact. Instead,
environmental impact is driven by the socio-economic rather than attitudinal consequences of
qualification.

7) Both migrants and people living in areas with a high migrant proportion appear to experience
lower subjective wellbeing and cause higher emissions, but these effects could partly be due to
migrants being qualified and urbanised above average.

The knowledge-concern-action paradox is especially interesting in this context, since there is ample
evidence for it (Kempton 1993 p 224ff, Lutzenhiser 1993 p. 250ff, Stokes et al. 1994, Gatersleben et al.

2002, McKibben 2003, Poortinga et al. 2004, Vringer et al. 2007, Hertwich 2008). The survey by
Gatersleben et al. 2002, for example, clearly shows that whilst behaviour is related to attitudinal variables

(values etc), actual environmental impact is more driven by socio-economic factors, which is exactly what

we find in this work. The paradox has been explained by a number of arguments, such as the dominance of
O2y@PBSYASYyOS YR FAYIYOAlIT O2yaildNIAyida 20SN) Y2NI f
agency and trust in authorities, and general lack of abatement opportunities such as public transport
(Owens 2000, Lenzen and Murray 2001a; Lenzen et al. 2002, Wilby 2007). The lack of consistent individual
FOGA2y YIF@& LISNKIFLE SELfIFAYZ 2N YFé 0SS | NBadAf i
environmental policies. Notwithstanding the direction of this causality, some commentators (Beekman

2001; 2004, Monbiot 2007) argue that, in the absence of both public response and technological fixes to

the climate change problem (Trainer 1997; Trainer 2010), governments have an obligation to interfere

with unsustainable lifestyles.

3.4. Remaining environmental indicators

We re-ran all multiple regressions for the per-capita indicators water use, material flow, and land
disturbance. The clouds in the SWB-E diagram look similar to those in Fig. 2, but obviously cluster around
different means (Tab. 5).

We found that per-capita income, tenure type, qualification and household size remain significant in their
roles for all enviroy YSY G+ f Ay RA Ol { evhlestfor ihdinte adIholusdhditRsGe/ate @ven
considerably larger than in the greenhouse gas emissions regression. These variables therefore deserve
special attention when designing policies aimed at reducing environmental impact of households.

Median age appears to be a weak but significant retardant for water use and land disturbance. We have
not investigated the underlying reasons for the different effects of age on emissions, water use and land
disturbance. This is an area for future research.

We found population density to be a weak accelerator for water use, which could be a side-effect of a
weak correlation with income and qualification. As mentioned previously, in the HES sample population
density is negatively correlated with expenditures on energy commodities (petrol, natural gas, electricity).
Since these commodities are emissions-intensive, their reductions cancel out the increased income effect.
Once other indicators are examined, the income effect causes population density to be positively
significant.

Car ownership causes impacts in terms of material flow, but not so much in terms of land disturbance, and
not at all in terms of water use. This can be understood given that cars need steel and petrol, which
requires the extraction of iron and other metal ores and crude oil. Neither of these extractive or
manufacturing industries is water- or land-intensive.
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Compared to greenhouse gas emissions, many of the State dummies become more significant for land
disturbance, but not for water use or land disturbance. Moving to Qld, NT, WA and SA would drive land
disturbance up, whilst moving to Vic and Tas would reduce it. NSW remains on average. This significance is
caused almost solely by land use characteristics and stocking rates for beef cattle. This is because beef
meat is consumed in the State where it is produced (with the exception of NT beef which is also consumed
in SA). As a consequence, Qld, NT, WA and SA residents consume beef meat produced on large tracts of
land, of which considerable portions were, and in some areas still are cleared, with severe impacts on
biodiversity. In contrast, Victorian and Tasmanian livestock requires much less land due to the higher
rainfall in these States.

Material GHG Water use Land
flow emissions disturbance
(t) (t CO,-e) (ML) (ha)

Household operations
Construction & renovations 2.67 2.39 0.02 0.06
Water 0.10 0.12 0.11 0.01
Electricity 1.61 2.44 0.02 0.00
Gas, coal, oil, firewood 0.65 0.38 0.00 0.00
Gardening ¢ lawn care 0.49 0.22 0.02 0.05
Transport
Petrol for car 1.45 1.74 0.00 0.01
Public Transport 0.11 0.82 0.00 0.00
Air travel 0.16 0.17 0.00 0.00
Food
Beef 0.05 0.42 0.01 0.44
Dairy 0.40 0.39 0.06 0.04
All other 1.72 1.78 0.17 0.66
Restaurants ¢ take-out 0.90 1.41 0.07 0.50
Consumer goods and services
Clothing and fabrics 0.34 0.73 0.04 0.40
Furniture and appliances 0.53 0.94 0.01 0.10
Books/ magazines 0.18 0.37 0.01 0.03
Tobacco and alcohol 0.48 0.50 0.06 0.09
Personal care 0.50 0.57 0.02 0.06
Other® 3.64 4.34 0.13 0.69
Total 16.0 19.7 0.8 3.2

Tab. 5: Means and commodity breakdowns of material flow, greenhouse gas emissions, water use, and
land disturbance for the average Australian household. ? Vehicles and parts, electronic equipment, repairs,
accommodation, postage and phone, insurance, entertainment, community services.

4. Conclusions

This work has laid, for the first time, the quantitative basis for investigations of a direct link between
subjective wellbeing and the environmental impact of households. Our study transcends previous
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environmental-psychological work in the sense that we go beyond linking subjective wellbeing solely with
values, or attitudes towards the environment, or consumer behaviour, but investigate real environmental
impact in a life-cycle context (compare Gatersleben et al. 2002). Our study transcends previous
environmental-economic work in the sense that we go beyond linking environmental impact only with
socio-economic-demographic-geographic patterns, but that we were able to connect right through to the
more immediate and relevant measure of subjective wellbeing.

We find that income strongly drives both wellbeing and impact, and hence poses a formidable challenge
for policy. On the other hand, moving to larger households promises a double dividend for people and the
environment. Less striking, but significant drivers of both wellbeing and impact nevertheless, are the
desires for a high qualification and house ownership. Facilitated by a combination of high qualification and
urbanisation, migrants find themselves at above-average environmental impact but sub-average wellbeing.
Finally, personal car ownership increases subjective wellbeing, but living in areas with high car ownership
has the opposite effect.

Necessarily, our work has left open many questions. First, without further delving into relationships
between the data sets, our quantitative results do not reveal the underlying reasons for the trends we
have identified. Second, we focused this study on methodological and quantitative aspects, in order to
delineate the factual regression results from debatable views on the policy recommendations that could
result from our findings. Third, we have not yet carried out an in-depth analysis of other environmental
indicators such as water use, material flow and land disturbance, let alone social and economic indicators
such as employment and economic stimulus. The input-output calculus allows a wealth of such indicators
to be investigated in combination with information on subjective wellbeing (Foran et al. 2005; ISA 2010),
and these can perhaps be the topics of future research. Finally, we did not want to attempt a far-reaching
philosophical outlook on the implications of a closer scientific link between subjective wellbeing and
environmental impact, without understanding the responses to the quantitative work reported in this
article.

Nevertheless, measures of subjective wellbeing are starting to play an increasing role in economics. A
revolution in neoclassical economics has been taking place over the past decade and the core assumptions
of welfare economics are being replaced with more empirically-based models of consumer behaviour (for
discussion and review see Gowdy 2004). This revolution has profoundly impacted the scientific view of
consumer behaviour, the consequences of such behaviour for understanding human environmental impact,
and the link to human wellbeing. It has been driven by various forces. One is the early observations of
Easterlin 1974 concerning the lack of relationship between GDP and happiness, and more recently by
economists such as Frey and Stutzer 2002 who have embraced the psychological literature on SWB and
taken their understanding back into their own discipline through literature reviews.

Perhaps the most basic change in understanding lies within the simple neoclassical view that the
consumption of goods and services is a measure of utility and, as such, it represents economic activity
directed to advancing individual and collective wellbeing. This view of consumption, encoded in
conventional economics, assumes that all market transactions represent the rational choices of informed
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Unfortunately, the whole notion that humans are informed consumers, acting on the basis of essential
rationality, is false. For an excellent contemporary account of the research evidence see Gittins 2010.

Focusing policy on wellbeing rather than consumption and affluence holds the promise of benefiting the

environment, but commentators agree that for this to happen a major paradigm shift is necessary (Gowdy
2004; Jackson 2005).
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