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Abstract ¢ We integrate a number of databases on subjectivellbeing household expenditure,
emissions and resource use, in order to investigate the relationship between happinesheand
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 materia] ff@at occur
throughout the life cycle of the goods and services that thadatold buys. To our knowledge, such

a study has never been carried out befote.particular we identify socieconomiedemographic
drivers, analyse potential tradeffs, and discuss implications for the design of policies that would
support lifestyle chages with double dividends of increaseelibeingand reduced environmental
impact. We find that income strongly drives botkellbeing and impact, and hence poses a
formidable challenge for policy. On the other hand, moving to largeisébolds promises a double
dividend for people and the environment. Less striking, but significant drivers ofwmdtheingand
impact nevertheless, are the desires for a high qualification and house ownership. Finally, personal
car ownership ioreases subjectivevellbeing but living in areas with high car ownership has the
opposite effect.
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regression


mailto:m.lenzen@physics.usyd.edu.au
mailto:robert.cummins@deakin.edu.au

Lenzen & Cummins: Happiness vs the environment

1. Introduction

There is a@eneral dearth of information on the connection betwetire subjectivewellbeing(SWB)

of populationsand objective measures of environmental pollutidfefreri-Carbonell and Gowdy
2007). One reason is the very different disciplines that concern each form of measurement. The
former is the province opsychology, the latter the province of the physical scienBemging these

two areas together presents formidable conceptual and technical barriers.

There are several studies focussing on the relationship betwesibeingand attitudes towads the
environment Brown and Kasser 200berreri-Carbonell and Gowd2007 Welsch, 200p, between
wellbeingand the measured state of the environment in the vicinity of the househalad between
attitudes towards the environment and environmental impaGaferslebenet al. 2002. In 2007,

%A Ry O $estigated the level of happiness and environmental sustainability over timeeat th
national level, and found a strong positive correlatfdtiowever, this study did not take into
account socieeconomiedemographic variables that may explain common underlying traits, such as
GDP and (un)employment rates.

To our knowledge, there exists at present no survey datadbatain bothinformation on SWB and
the environmental impact of household consumption. Thus, the work to be reported here breaks
new ground by integrating tweeparate databasesthe Australian UnityWellbeingSurveys (AUWS,
ACQOL 2002010 Cumminset al. 2003, and the Australian Household Expenditure Survey (HES,
ABS 200) These two surveys, in combination with a number of other datahasewell athe use
of sophisticated mathematical techniqued]oaved us to quantitatively unveil for the first time the
relationship between personal weking and the environmental impact of consumption. In
particular we

- identify socieeconomiedemographic drivers,

- analyse potential trad®ffs, and

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

double dividends of increased wedling and reduced environmental impact.

We presentour findings as follows: In Section 2 we explain our methodology and data sources.
Section 3 presents detailed results, which are discussed in SectiorcttanSe concludes wittan
outlook for future research.

! An example is air pollutioPacione 2003; Welsch 200@lacKerron and Mourato 200%mythet al. 2008.

Welsch(2002; 2007; 2009 discussedinking data on subjectiverellbeingand the environment for the purpose

of monetary valuation of environmental quality

A R yOS] Ftaz2 NBLR2NIA | yS3t A @bissian? NGBty (eidsidng ped S 6 S Sy
unit of GDP). Even if this relationship could be verified as causal, it would be mainly irrelevant in terms of
environmental conservation (sekeenze 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 gainsnzen and Smith 200@/ood 2009 Wachsmanret al.2009).
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2. Methodology and data processing

Our approach is baskeon two surveys: the AUWSHction2.1) and the HESSgction2.2). The AUWS
includes a seveitem scale, the Persondelbeing Index, which measures SubjectiVéellbeing
(SWB)which isused directly as a variable in our analyses. The HES lists weekly expenditures on
commodities. These dateamot be used directly, buhaveto be processed in combination with
other databass in order to yield information on environmental impact. The mathematical
procedures we employed to this end are describedppendix A.1

One of our main aims is to explain the tikey quantities¢ SWBand environmental impact, asa

function of socieeconomicdemographic drivers. In the following, we will call sketwo key

jdzt yGAGASE GaSELX I AYSR @I NAI 6f SaBoh survyR coiitdinSa R NRA & &
range of compaion data from which explanatory variables can be deriveéthese are socio
economiedemographic quantities, such as employment status, income, andvigesucceeded to

derive from the companion data 1schexplanatoryvariables common to both surveyand this is

our mainachievement in terms of data preparatioHowever, hese two surveyalsodiffer in many

respects and integrating thenlby matching companion data with respect to their definitiopgyved

far from trivial Sectiors2.3and?2.4).

Since the two surveys were undertaken on different samples of the population, they cannot be
combined at the sample level, but only bxtracting broad trends. To this end we employltiple
regressiorand hypothesis testingechnigues (Secti@2.5and2.6).

2.1. AustralianUnity WellbeingSurveg (AUWS)

The Australian UnityWelbeing { dzZNJ3Se&a YSIF adzNB ! dzZAGNI f A BashQ al 4 A
survey incorporates the PersonalWellbeing 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 sedyr

The scientific impetus for theystematic study of SWB can be tracedtle two extraordinary
publications ofAndrews and Withey 197&nd Campbellet al. 1976 While there had been sporadic
prior reports on population SWB, usually measliaslife satisfaction ohappinessnmood, these two
substantial works launched the idea that SWB could be reliat#asured. Moreover, and very
importantly, they reported such measures to be remarkatibble and reliableThe reason for this
stability has been attributed to stable personality characteristics and gengtyesomirskyet al.
2005; Lucas 2008 KA OK LINR GA RS S I-IOKA YIS QA P (HeBdyKaBdi\Wiehripga .S (
1989. These sepoints are positive. The norahrange of sepoints has been proposed to lie within
the range of about 6090 points(see Cumminset al. 2002). A consilerable body of research has
demonstrated that most people are satisfied with their own lifie.Western nations, the average
SWhBvalue for population samples is about 75 percentage points of satisfaction.

It is also proposed that SWB normally sit closdéts setpoint, and that this stability is achieved by

an active homeostatic process. The theory of SubjededbeingHomeostasis proposes that, in a
manner analogous to the homeostatic maintenance of body temperature, SWB is actively controlled
and maintained(seeCummins 201@or an extended description)rhe 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 difjbthat 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 poidtariminget al.2009.
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Importantly, however, the capacity of homeostasis to prevird perception of change in SWB is
finite. A sufficiently adverse environment can defeat homeostasis and, when this occurs, the level of
subjectivewellbeingfalls below its homeostatic range. For example, people who experience strong,
chronic pain from ghritis have low levels of SWB5ermanoet 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 frst Australian UnityWellbeing Surveys, of 2,000 adults from all parts of Australia, was
conducted in April 2001. By December 2009 a total 22 surveys had been condd€@®( 2001

2010. In Australia the population average level of SWB is 75 points and, using the mean scores of
the 22 surveg 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 Secticgh3).

2.2. Australian environmental impact framework

There is a longtanding tradition of investigating environmental and resource impacts of households.
The methods used in this stream of research were forged il 8¥®s Herendeen and Tanaka 1976
and are still being adhered to today. Overviews of such studies applied in various coargrggen

by Lenzenet al. 2006 and Hertwich 2010 and we refer the reader to these articles for information
further than the brief outline given herdn Australia, this type of researtias resulted in detailed
spatial impact dispersion mapsgnzen 2009 and has also led to the publication ofa widely
disseminated Environmental AtlaBdyet al.2007; ISA and ACF 2007

InesS§yOSz t+y Fylteara 2F | K2dzaSK2f RQa Sy OGANRYY!
household expenditure database, inpotitput tables, and matching satellite accounts containing
environmental data. In our case, these data sources are the Australi& @S 200), the
Australian InpuOutput Tables Gallego and Lenzen 200%s well as four satellite accounts. In
Australia (unlike in many European countries), published satellite accounts are not harmonised with
input-output tables; labouintensive reclassification and gnment has to be carried out by the
researcher. In our case, we constructed harmonised satellite accountshéorfollowing four
environmental indicatorsgreenhouse gas emissions (from the National Greenhouse Gas Inventory,
AGO 2009 water use(Australian Water AccountsABS 2006 land disturbance(a biodiversity
indicator constructed from various sources, damzenet al. 2008), and material flon{ABARE 2009

and other sources, se®/ood et al. 2009. For an overviewof the definitions and data sources
underpinring the four satellite accountseelSA 2010

The fact that inpubutput tables are used indicates that this method quantifies environmental
impacts in a lifecycle perspective, that i€overing the entire industrial suppbhain network that
underpins the final consumption of households. Thus, the numbers bsilt from such input
output calculations represent the total emissions, water, material bdwdiversity impact, or
ofootprinté of households(for an introduction seeWViedmann and Minx 2007; Wiedmann 2009;
Murray and Wood 2010 Sut footprints arewidely interpreted as a measure of responsibility of
households for the damage they cause to the environmgmnzen and Murray 20)0This is an
important feature of our analysis, since it has been shown tlsaeasmentgonfined to direct, on
premises effects such as electricity and gas use in the household, or petrol use in thevidar
underestimate true environmental impact by more than 10Q0%nzen 2001
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2.3. Matching explanatory varidbs

The AUWSand HES almost never contagompaniondata on variables with exactly matching
definitions. A number of adjustments had to be made in order to ext@Etmanycommon
explanatoryvariables from the two databases possibleand to align these asuch as possible in
terms of their definitions.

For example whilst the AUWSreports grosshouseholdincome, the HES reports disposable (cash)
income, which had to be converted intmcome using additional information on income tax
payments. Similarly, f1/AUWSmMostly contais the age of the survey participants, and dighe age

of other household members only in less than 20% of samples (maghioh arehouseholds with
more than 2 members). We calculated the median figeall 2member householdby 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 medi@marespondent ages, and cpplying this ratio to
2-member households where only the age of gw@vey paticipantwasgiven.Finally, ar ownership

in the AUWSIs queried by a simple yes/no question. In affirmative cases, we determined the
number of vehicleper-capita simply by assuming owar for the entire household, and dividing by
the number of househol members.We suspected thathis procedurecould underestimate car
ownership,sincewe missall second vehicles. However, a comparison witlstralianCensusiata
(seeFig. 3 showed that when averaged out, our car ownership variable so constructefdrmed

very well with Census informationSubject to these adjustments, we were able to construct 17
explanatory variables common to bo&lUWSand HE$Tab. land Appendix AR

The companion data in the AUWS and the HES are incomplete. The HES tdpesvide 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 déh information from the Australian
CensugqTable 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 Suibivision (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 céreqolry variables.

| 26 SOSNE Ay 3IASYSNItEX AYyF2NXYI(GA2Y &adzwaidAddziSR Ay
and not of the individual household. The variables where most information is complemented by

/| Syadza RIGF | NB W/ I NHedok,yws Miiskidterdet thesé RaridBlashodNtd (1 & Q
YAY2N) SEGSyd Fa aOFN 26ySNARAKALI Ay (KS K2dzaSK2f R
YFAYyteée | GISYSNIf OIFN 26ySNAKALI Ay GKS FNBF 21
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Variable Definition AUWS* +)))))))))) ), HES Census

(symbo) construction(seeTab. Al) coverage (seeTab. A3.2

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

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

inc Annual percapita gross partly directly measured, partly 58.1 % addweekly net income X (B02)
householdincome derived from ranges and income tax data

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

pop Population density, from PACensus 99.9 % from SD and SSD dividearea(cover sheet) by
people/km? Census population(B01)

qual Qualificationindex(Tab. from 3AUWStems(Tab. 2.2b) 5.5% asin Tab. R.2a weighted average over qualificatiol
A2.29) (B39) with weights as ihab. &.2a

ten Tenure typeindex (Tab. 23a) from 3AUWStems(Tab. &.3b) 10.2 % asin Tab. 2.3a weighted average over tenure type

(B32) with weights as in Tab2.8a

born Migrants¢ % of household born in Australia; 0, otherwisecg 1 18.3 % allfrom Census 1 ¢ people born in Australia (B09)
members born overseas divided by population (B01)

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

state Statein which household is  from PAcode 100 % from SD and SSD not neededsinceAUWSand HES
located¢ 8 dummy variables identifier complete

Tab. 1: Explanatory variables derived from companion data common to all suileysable describes how variables were constructed from raw data;
indicates that variable exists as raw data iteim addition, theAUWScoverage indicates what percentage of missing data had to be filled with Census
information.PA = Postal Area, SC5tatistical Division, SSD = StatisticalBivision.
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2.4. Sample characteristics

In order to comparedAUWSand HES samples with the Census in terms of their mean charactengtics
aggregated theAUWSsample into random groups of 50espondents, and r@lotted the frequency
distributions (Fig. 1 AUWSrespondents were on average older and richer than people in Ras, SDs
and SSDs, and lived in smalied more urbarhouseholds. However, they had similar employment status,
gualification, tenure Migrants and car ownershipData on population density are not contathe either
AUWSor HES, but werelerived from Census PAs, SDs and SSDsAUWSdistribution of population
densities is identical to, and overlaperfectlywith, the distribution of Census data for this variable.

1

1

1

05+ 0.5 05-
0 / I3 ~ 0 0 . r — I3 _ _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
0.5 0.5~
I \/\ \‘A\
oY NG \ A 0 . . ./ :
0 0.5 1 15 -6 -4 -2 0 2 0 1 2 3 4

Household members employed [fraction] Population density [Ioglo(people/kmz)]

1

1

0.5r 05r

o .Y
0 0.2 0.4 0.6

Migrants [fraction]

o O — L I3 \ S
0.8 1 0 0.5 1 1t
Car ownership [wvehicles per capital

Tenure type [index]

Fig. 1 Normalised frequency distributions of explanatory variablatl\VSsamples aggregated). Blue:
AUWS before filling in of missing datgreen: 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 empimtiple regression techniques. In
particular we attempt to explain &WB and b) enviramental impactEasin EquationAll, as a function

of the 17 explanatory variables listed in Tab. 1.

Essentially,multiple regressiondecomposes an explained varialbbénto contributions of explanatory
variables %}. Perhaps the most simple specificationwis B | @, where the regression coefficients

) — describethe absolute change in thexplainedvariable as a result of absolute changes in the
explanatory variabled. Brereton et al. 2008 for example, uses this formulation to explain subjective

® This specification includesconstant term  if we setx, to {1,...,1}.
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wellbeing as a function of age, education, employment status, population density, and tenure type,
amongstother geographic variable®\ general formulation for additive specificationsds BT "Qw |,

and in this work we explore the for@d Bt I T® , where— —, and the —jdescribe the

absolutechange invas a reslt of percentage chang® wj w in the®. Stutzer 2004and Breretonet al.
2008, for example, use this formulation to explain subjectualbeingas a function of income.

The literature on environmental impacts of householtts @xampleWier et al. 2001; Lenzewrt al. 2004;
Cofen et al. 2005; Lenzeret al. 2006 often mentions a specification where the explained variable is

logged, for examplel 1@ BT ®. Here, — | B Q f @ so that thg —L describe a
percentage change ias a result of absolute changes in the Finally, the specificatioh T
Bt 1 Tow is used for income variables because 6 & so that — T ® B -

Thisleads td —i assumingthe welkknown elasticity form, where a percentage changevia the

result of percentage changes in the

Loaarithmic specifications are characterised by diminishing sensitivity of changes as variable values
increase. Such behaviour has an intigtiexplanation. For example, receivinglag0R0 pay rise at a salary

of $20,000 leads to larger chang@s consumer behaviouthan receiving the same pay rise at a salary of
$50,000. Similarly, ageing 5 years at the age of 20 may chaglggviourmore thanageing the same
amount at the age of 50. Or, adding one more member tepeEon household requires more changes in

the house than adding one more member to-@é&rson household. Therefore, we experiment with logged
specifications for the variablesconme, age and size We alsoa trial logarithmic specification for the
population density variable because this variaglenlike all others; spans several orders of magnitude,

and a logrithmic specification is able to even out differences in magnitude acrbe explanatory
variables.

A weltknown issue in multiple regression (isulti-)collinearity. If two or more explanatory variables are
highlycorrelated, theyd f 2 the8 éxplanatory poweto each otherduringthe multiple regressionthat is

their regression coefficients are smaller and less significant than they would be in the absence of
correlated variableslt may even be that signs of regression coefficients switch under exclusion of
correlated variables from the regression. Most importantipndar collinearity, egression results do not
allowthe unambiguous interpretdtion ofvariables with regard to their power and significance in explaining
the regressed variabl@.herefore, it is common practice to exclude from the suite of explanatoryhlaga
those that are strongly correlatedlo this end, we computed a matrix of pairwise Pearson's linear
correlation coefficients for all explanatory variables in th®UWSand HES se(@ab. 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 pairwise Pearson's linear correlation coefficiemt$or all explanatory variables in the
HES data set. Bold fontr|>0.6, regular: 06 p|>0.4, grey italic: 0.4 p| . State dummies are not shown
because || < 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 fastate dummies we found that/| < 0.5, and hence these
coefficients are not shown in Tab.. 2Ve found three instances of strongly correlated variables. First,
YLYO2YSQ YR WOYLIX2@YSyid adradzaQ IFNB LI2aAildm gSt e
Y2ySeod {SO2yRI Wt2LdzZ A2y RSyaixldeQs Wvdzd t ATAOI (A
other, indicating that high proportions of highly qualified people born overseas can predominantly be
found in urban centresAs a consequence, wehose to exclude Wriployment statu® and either

Wt 21LJdzAE | GA2Y RSy aAide QfromPtnedglite af TAFQr [thétiree yeucedl 19akibbld 3 NIy
sets, we evaluatd the followingmultiple regressiorspecificaions:

T QN | QUIRQEG ARG ARG 0QE abdl T i 00b0Q

v

P i T‘j@? b1 T TONQT | QAINQEG AR AR 0QE OO T i 0OAQ
; ‘*’8 g1 0RO 1T eeR EG ARG ARd 00 Qo T i oddQ
T i To i T QO | QAT TQE O AW Nl 0QET dol T i 0dAQ

BT T OQQ T QENQEG T TRERNT ROT 0QE OGOI T 1 0d¢
wheref i 4 @ f 1 denotes eithet A ¢ AT RO MM ENT GELAT A6 0K wé i, and wheré A @
denotes either 4 6 @B @ ¢ i. Note that the specifications in Equatioris4 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 multicollinearity: Since all 6 ¢darmies add up to , we caneither include 7 dummies and the
constanf , or include all 8 dummies beixcludg . The choice between the two options has no effect on
the results, except that in the first option, NBLINSaSyGa I aolaStaySé I|yR
deviation from thishaseline, whilst in the second option, the dummies represent 8 Stpseific baselines.
We chae the first option for bettecomparability.

In total, we carry out 60 multiple regressiorize regressionspecificationsfor threeoptions of excluding

two of three correlated variables, fdour explained variable. For example, Equatiorl4s the welknown
regression specification where is the incomeelasticity of environmental impaciVe appliedWeighted

Least Squareg/LSto both data sets.The AUWScontains only singkaousehold samples with the same
variance, so that theAUWSset of variables can be consideredmoskedasticand 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 thare many rural SDs and it is in these that much of the socio
economiedemographic variation occurs, such as population density, car ownership, qualification etc. As a
consequenceHESsample sizes vary between 10 and 1723 households, and heteroskegidstiiiely We

used the square root of sample sizes as our WLS weiglgighted both explained and explanatory
variables, and applied Ordinary Least Squares to the transformed data sets

It is accepted practice in regression exercises to report onsthéstical significance of the regression
coefficients. Thereforeve carried2 dzii I {t festzBhSevery @gression coefficient, and exanditiee

null hypothesis that these coefficients are not different from zero. For each regression coefficiémtnwve
report thet statistics and thdevel of confidence at which the coefficient is different from zero. Finally, we
report the R coefficient of determination, which is a measure of tbeerall explanatory power of the
specification to explain the varian of the explained variable.

11
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2.6. Combining regressions

The main aim of our work is to integrateellbeingand environmental impact, and to this end we combine
the regressions of these two key variables as follows"Y@t6 "Qf o andO "OF “fs , where
Y& G&denotesthe personalwellbeingindex of the AUWSsample andD' the environmental impacbf the
HES sample. The function symbstands for any of the regression specificaticmsandf for the AUWS
explaratory variable data set and its regression coefficients, @ndndf “ for the HES explanatory
variable data set and its regression coefficieftssuming that the definitions of thAUWSvariablesw
and the HES variablé$ are identical, we @n apply the regression coefficientsobtained from theAUWS
data set to the HES set, and vice versa, to estimate tlemvironmental impact

O " “hw ©)
of the AUWSsample, and thevellbeing

Yob O h (6)
of the HESsample.

The AUWSTreports on thewellbeingof the survey participant only, not on thwellbeingof 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 surpayticipant. Hence, Equation 5
estimates theenvironmental impacbf the AUWSS & LI2 Y RSy (1 Qa K2dzZaSK2f RX | & & dzy
variablesw given by the respondent apply equally to the entinwusehold. Similarly, Equation 6
estimates the wellbeing of the HES respondent, assuming that the explanatory variable$ the
household apply equally to the entire respondeiibhe 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 areally a mix of individual, household and regional information.

Thepop variable and thestate dummies are clearly unproblematic in this respect, since in both sets these
variables areeompletelyrepresented by Census dat@imilarly, in both sets the vablesqual and car are

made up predominantly of Census dathowever in Equations 5 andvée implicitly assume that the
NEALRYRSYGQa ljdzt t AFAOIGAZ2Y YR OIFNI 26YySNEKALI I NB
the Postal Arealn both survey, theinc, sizeandten variables refer to the household, however tA&JWS

includes a proportion of Census data. Whilst this proportion is relatively lomda@nd size about 90% of

the ten variable in theAUWSIs represented by Postal Area datderex ¢S | dadzyS GKI O K¢
K2dzaSK2f RQa GSydz2NB Aa Sldzf (G2 GKS I @SNF3IS Sy dzaNB

In a set of regression experimer({teported inAppendix Dwe tesied the robustness obur assumptions

as follows: First, we exclude for each of he AUWSvariables, those samples whemverageCensus
information was used, and m@an a multiple regression on the sample so reduced. Second, we examine
whether the regression coefficientsf the respective variable hathanged significantlwith respectto the
original regression

3. Resultsand discussion
Because of limitations ijpurnal space we chese greenhouse gas emissio@HQG for the presentation of

our detailed resultsand for comparison with the other key explained variaBl&B In Section3.4 we
report only aggregated resdfor the remaining indicators, water use, material flow, and land disturbance.

12
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3.1. Regression coefficients

Multiple regressionyield 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. Theofahe
regression coefficients tell thsetrength of the influence. Teht test yields whether the relationshipare
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%,
respedcively) 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 incoffiab. 4): In Equation$a, 3b, 3c and3e,! describes the change in
per-capita tonnes of CEequivalent emissionf).36t CQ-e) that would result from a AUEDOOincreasein
income. In Equation3d,] describes the change in peapita tonnes of CQequivalentemissions 4.5t

CQ-e) that would result from a 100% increa@#goubling)in income. In Equationda, 4b, 4c and4e,]
describes the percentage change in jpapita tonnes of C&equivalent emissions (2%hat would result

from a AU$D00 increase in ingoe. In Equatiorld,f describes the change in peapita tonnes of C
equivalent emissions20%) that would result from a 100% increa@®ubling)A y Ay 02 YS -6 KS
StlradAOAGe 27T folsrésuls ard ig goadiagréemenB.3B & &3-e ae indeed abou?% of

total emissions (about 1BCQ-e/cap), and4.5t CQ-e are about 2% of total emissions.

Most importantly,6 A 6 K G KS SEOSLIiA2Yy 2F (KS Wah dthdeysaai® 0257
single instance where theignsof highly significant coefficients changs 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 lyear /member /AUS$1K /('OOO/kmz) /index point /index point 1% /vehicle
SWB

la points/ 0.08+0.001 *** 1.23£0.012 *** 0.06+0.002 *** -0.4+£0.12 *** 0.4+0.18 *** 2.610.12 *** -1.7+0.47 *** -0.9+0.73 ***
SWB

1b  points/ 2.9£0.03 *** 1.10+0.012 **=* 0.05%0.002 *** -0.4+0.12 *** 0.4£0.17 *** 2.7£0.12 *** -1.720.47 *** -0.8+0.72 **
SWB

1c points/ 0.09+0.001 *** 3.6+0.04 *** 0.06+0.001 *** -0.3+£0.12 *** 0.4+0.15 *** 2.5+0.11 *** -1.7+0.43 *** -0.3+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 *** -0.3+0.06 *** 0.4+0.18 *** 2.6+0.08 *** -1.6+0.62 *** -0.8+0.66 **

2a oswe  0.12+0.001**  2.06+0.014 **  0.09+0.002 ***  -0.4+0.18 *** 0.7+0.20 *** 4.2+0.14 ** -2.4£0.59 *** -0.6+0.82

2b  wswe 4.0£0.04 *** 1.84+0.015 *** 0.08+0.002 *** -0.4+£0.18 *** 0.7£0.19 *** 4.4+0.14 *** -2.31£0.59 *** -0.5+0.81

2c oswe  0.13+0.001 **  6.0+0.04 *** 0.09+0.002 ***  -0.3+0.17 *** 0.7+0.16 *** 4.0£0.11 *** -2.4%0.52 *** 0.3+0.68

2d  wswe 0.13+0.001 *** 2.4310.004 *** 3.8+0.09 *** -0.5£0.14 *** 0.4+0.21 *** 4.1+0.16 *** -2.52£0.57 *** -1.2+0.95 **

2 osws  0.12+0.000 **  2.09+0.022 ***  0.09+0.002 ***  -0.3+0.08 *** 0.7+0.22 *** 4.2+0.09 *** -2.240.81 *** -0.6+0.82

Tab. 2: Regression coefficierits for the AUWS data seb, obtained from regressiori¥w 6 "Qf hw according to Equations 1 and listed are the mea standard deviation
over 3 regressions wittmpland eitherpop, gualandbornexcluded. Detailed results are listed in Appendix C. *** significantly different from zero at the 99% level of confidenc
95%, * 90%grey font significance below 90%. Usibf coefficients can be read from column 2 and row 2. For example the uhi¢ @befficient for Equationd and the variable
sizeis change iIrSWBpoints per unit change in the number of household membegsey backgrounihdicates a percentage changethe explanatory variable. For exampleet

unit of the coefficient for §uation 2d and the variabléncis the percentage change 8WBpoints per percentage change in pesipitaincome
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Equation NSW Vic Qld WA SA Tas NT by
Units /move /move /move /move /move /move /move

la swspoints/ -0.1+0.18 0.6+0.17 *** 0.940.12 *** -0.2+0.04 0.6+0.17 *** -0.1+0.15 2.240.14 *** 56+1.1 ***
1b  swepoints/ -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+4].2 ***
1c swepoints/ -0.1+0.16 0.6%0.15 *** 0.940.11 *** -0.2+0.02 0.60.15 *** 0.0+0.15 2.240.13 *** 56+1.0 ***
1d swepoints/ 0.0x£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 swepoints/ -0.1+0.16 0.740.23 *** 1.0+£0.17 *** 0.0£0.15 0.740.25 *** 0.0+0.22 2.240.12 *** 5541.0 ***
2a %Sws -0.4+0.23 0.8x£0.20 *** 1.3£0.19 *** -0.2+0.07 0.8£0.22 ** 0.1+0.23 3.7£0.20 *** 4.0£0.02 ***
2b  %swe -0.4£0.22 0.8+0.19 ** 1.3+0.19 *** -0.2+0.07 0.8+0.22 ** 0.1+0.22 3.6+0.20 *** 3.940.02 ***
2C %Swe -0.3+0.20 0.8£0.16 *** 1.3+£0.18 *** -0.2+0.07 0.8+0.19 ** 0.2£0.21 3.7+0.18 *** 4.0£0.01 ***
2d  wswe -0.2+£0.22 1.0+£0.21 *** 1.440.12 *** -0.1+0.03 1.0+0.20 *** 0.4+0.18 3.3+£0.17 *** 3.940.01 ***
2e %SwB -0.4+0.20 0.920.28 *** 1.4£0.24 *** 0.0£0.17 0.9£0.31 *** 0.3x0.30 3.7£0.20 *** 4.0£0.02 ***

Tab. 3b: Tab.8continued.
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Equation age Sze inc pop qual ten born car
Units lyear /member /AU$1K /('OOO/kmz) /index point /index point 1% /vehicle

3a tcq-el 0.08+0.054 ** -2.2+0.04 *** 0.362£0.010 *** 0.5£0.56 *** 3.840.73 *** 1.0+0.06 *** -2.0+2.87 ** 5.04£5.03 ***

3b tcq-el 1.3+1.39 *** -2.3£0.03 *** 0.36+0.008 *** 0.5+0.53 *** 3.7£0.70 *** 0.9£0.07 *** -3.411.34 *** 3.0+£2.56

3c tcq-el 0.06+0.053 * -6.0+0.08 *** 0.362£0.010 *** 0.5£0.55 *** 3.84£0.79 *** 1.0+0.06 *** -2.1+2.80 ** 5.245.07 ***

3d tcq-el -0.03+0.055 -2.5£0.04 *** 4.5+0.18 *** 0.7+0.68 *** 4.4+1.18 *** 0.9£0.08 *** -3.5+2.97 *** 2.846.21

3e tcQqel 0.11+0.114 *** -2.3+0.02 *** 0.37£0.017 *** -0.1+0.06 ** 4.2+0.25 *** 0.9£0.14 *** 0.71£6.69 2.7£2.57

da  %GHG 1.85+0.790 *** -13+0.1 *** 2.16+£0.123 *** 0.3+4.56 44+8.4 *** 13+0.8 *** 55+41.4 *** 117452.6 ***

4b %GHG 62.0+7.93 *** -13+0.0 *** 2.14+0.055 *** 0.5+2.71 * 241429 *** 8£0.7 *** 14+13.8 *** -26+12.9 ***

4c  %GHG 1.7620.775 *** -33+0.2 *** 2.14+40.122 *** 0.6+4.57 Q4177 *** 13+0.7 *** 52+40.6 *** 117451.9 ***

4d  %GHG 1.17+0.743 *** -15+0.1 *** 29.31£1.74 *** 1.5+5.09 *** 4615.7 *** 13+0.6 *** 45+40.0 *** 99452.7 ***

de %GHG 1.86+1.026 *** -13£0.4 *** 2.18+0.160 *** -1.7£0.84 *** 44+7 .4 *** 13422 *** 86+85.9 *** 114+34.8 ***

Tab. 4 Regression coefficierits for the HES data seéf , obtained from regression®0°0 "Qf “fus , according to Equations 3 and Uisted are the mea# standard deviation
over 3 regressions witempland eitherpop, qualandbornexcluded. Detailed results are listed in Appendix C. *** significantly different from zero at the 99% level of cenfitienc
95%, * 90%grey font significance below 90%. Units of coefficients can be read from column 2 and row 2. For example théhanibefficient for Equationdand the variable
sizeis change irmissionger unit change in the number of househatembers. Grey backgrouniéhdicates a percentage change in the explanatory variable. For example the

of the coefficient for Equationdtand the variabléncis the percentage change @missionger percentage change in peapita income.
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Equation NSW Vic Qld WA SA Tas NT bo
Units /move /move /move /move /move /move /move
3a tcQ-e 1.0£1.13 ** 1.7£1.30 *** 0.4+1.13 0.1+£1.45 -1.3£1.65 ** -3.81£0.97 *** 2.8£0.30 *** 0.3x0.07 *
3b tcq-el 0.9£1.37 * 1.7£1.29 *** 0.3+£1.36 0.1+£1.39 -1.2+£1.58 ** -3.8£1.12 *** 2.410.89 *** 0.2+0.15
3c tcQq-el 1.0£1.12 ** 1.7+1.30 *** 0.4+£1.12 0.2+£1.44 -1.3+1.64 ** -3.8+0.96 *** 2.8+0.29 *** 0.2+0.06
3d tcqel 0.8+1.34 * 1.5+1.56 *** -0.1£1.34 -0.2£1.72 -1.5+1.95 *** -4.3+1.17 *** 2.4+0.35* 0.3+0.10 *
3e tcq-e 0.9+1.34 ** 1.8+1.34 *** 0.2£1.40 -0.1£1.73 -1.3+£1.87 ** -3.7£0.97 *** 2.4+0.62 *** 0.3+0.03 *
4a %GHG 19+14.1 *** 12+15.6 *** 17+13.9 *** 10+18.7 *** -2+19.9 -19+£10.3 *** 44447 *** 0.02+0.001 ***
4b  %GHG -2+8.3 * 3+8.0 ** -3£8.3 ** 1194 -1149.9 *** -3216.2 *** 14+5.3 *** -0.02+0.005 ***
4C %GHG 19+13.9 *** 13+15.4 *** 17+13.7 *** 11+18.4 *** -1+19.6 -19+10.2 *** 4414 .6 *** 0.01+0.001
4d  %GHG 17+14.3 *** 11+15.8 *** 14+14.3 *** 8+18.8 *** -3+20.3 -22+11.0%** 4114.8 *** 0.02+0.001 ***
4e  %GHG 16+£16.4 *** 11+16.1 *** 13+17.4 *** 4+23.9 *** -5+£22.5 ** -1949.8 *** 401£10.4 *** 0.01+0.007 **

17
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Summarising Tabs. 3 andwle find the following:

- The welbeing baseline explained by the constant is abetf 50 SWBpoints. The pecapita
emissions baseline ranges betwe8r? tonnes C@e and 8% F m (CAE I effects of
explanatory varibles onwellbeingand emissions are added to thedmdine.

- Increasing age increasegellbeingby about 0.1 points (@3 %) per additional yearA positive
effect was also reported bBreretonet al. 2008 Note however that in the raw datayellbeing
decreased from 15 yearsto 4555 years and thenincreases We have not incorporated a
functional form especially to regress the initial decreadge haonly a wealeffect (+ 0.1 tonnes
CQ-e or H1-2% per yeardn emissions.

- Increasinghouseholdsizeincreasesvellbeingby about 1.3 points (26), and decreasqser-capita
emissions by about 2tnnes CQe (13%) per additional membeihe emissions reductions are
largely caused bpeople sharing household itembBlote howeverthat in the raw datajncreasing
household size from one adult living alone, to one adult and one dbitdeasesvellbeing

- Increasing petrcapita income by AURDO increasesvellbeingby 005 points (0.1%) and per
capita emissions by 0.4 tonnes £9O(2 %). In terms d the elasticity specificationd} a 10%
increase in income leads to a 0.4% increaseslibeing and in &2.9% increase in emissiofidhis
relationship naturallyyields diminishing returns as incomeggsow: For example, aAU$10,000
increase at a bassalary of AU$50,000 causes% theease in emissions, but only &3ncrease at
a base salary of AU$90,000. This is a general pattern obsefeed emissions
(Wier et al. 2001), as well forother environmental quantitieslienzen and Foran 2001; Lenzen and
Murray 2001b; Lenzeet al.2006), which can be explained by preferences shiffiagn emissions
intensive goodsto less emissionmtensive services towards higher incomesDiminishing
additional wellbeing at increasing incomes has also been obsenssk Frey and Stutzer 2002
Tabs. 2 and 5 iStutzer 2004references listed on page 15 @owdy 2004and Mayrazet al. 2006;
Abdallahet al. 2008; Breretoret al. 2008; Cummingt al.2009. This relationship can be explained
by setpoint range escapefor subjectivewellbeingbecoming gradually hardeand less likely as
income grows

- Increasing population density decreaseellbeingby 0.3 points (0.8%6) per increase by 1000
people/knt. Breretonet al. 2008did not find a significant relationship, but this might be due to
the difference in regression specifications and variable suisce population densities span
many orders of magnitude, a logarithmic description is peshaqore appropriate. ere, wellbeing
decreases by 0.2points (0.31%) under a doubling of population densitpopulation density des

* Thelinear regression coefficiemorresponds to an emissions intensity of 0.4 kg-€@U$, which is beloweported

Australian emissions intensitigaround 0.7 kgCQ-e/AUS$; seeDeyet al. 2007). Similarly, our &lue of 0.2%or the
incomeelasticity of emissions is lowethan previously measured (0.53.enzen 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 inote as an explanatory variabl&he expenditureelasticity of environmental impact is

always higher than its incomeasticity, because some income is not spent at all but s¢seel Table 5 ilVier et al.

2001).

®As a reference for readers familiar with Australian geography, such a doubling @tmouseach time when
progressingrom the Pilbara and Kimberleys WA (0.1 kn’) to Far West NSW0.2 kni®), then to2 | Q& b dzf £ | ND
Plain(0.4 km?), to Yorke Peninsula in $8.8 km™), to the Mackay region in QIfL.6 km™), to Southern Tasmani¢8.8

km®), to South West WA6.4km?), to the Victorian Gippslan(l3.8km), to Barwon outside Melbowe (27 km?), to

the lllawarra south of Sydne6 km?), to the Yarra Ranges outside Melbour(i®2 kni?), to South East Pertti77

km®), to Hornsby north of Sydngg07km?s (2 { @ Ry S& Q& (8G0RMVY) ti Weslérn Mebbutng1558

km®), and then to Inner Western Sydngg201km?® Ly FIF OGS GKS DN} ey Rt SNJ §t SO 2N,
the lowest level ofvellbeingin Australia Mlead ard Cummins 2008
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not have a consistergffect on emissionddowever,the correlations with otheHESrariables(see

Tab. 3)could have a distorting effectin fact,in the HES samplgopulation densityis negativdy
correlated with expenditures on energy commodities (petrol, natural gas, electricity), which
conforms with the notion of urban consolidation reducing energy uBkerebre, the absence of a
negative regression coefficient could be caused by the influence of the higher urban incomes.

- Moving up one poinbn the qualification scale (see Tab2.2a) increasesvellbeingby 0.4 points
(0.4 %) A positive effect onwellbeingwas also reported byBrereton et al. 2008 Per-capita
emissionsalso increase with qualificatiorbut effects vary between 4 tonnes G@ and 45%of
total emissions. The emissions effect could partly be due to the higher income of more highly
qualified people, since there ests some correlation (see Tal). 2

- Moving one pointup the tenure scale (see Tab28a) increasseswellbeingby 2.6 points (%),
hence it appears that owning a house is something that Australians find importanteitiveing
Once again, a positive effect was also reportedBbgretonet al. 2008 Improving temre leads to
an increase irmissions but coefficients vary between 1 tonr@@Q-e and 13% per point

- ITRRAY3 2yS O NJ (2 frelhxudheoswoudaderredsévdliteingby abglt 10 K S
point, but would increase emissions bgtween 3 and 3onnes C@e. Further robustness tests
that excluded Census data resulted in a switch of sign of the emissions regression coefficient (see
Appendix D). Hence, while lignin areas with high car ownership decreasadlbeing personal
car ownership has the opposite effect.

- Movingfrom the ACTo Victoria, Queensland, South Australia and the Northern Territory is likely
to increasewellbeing but onlymoving to South Australia and Tasmania would decrease emissions.
¢KS tFGGSNI A& RdzS (2 (KSasS {dFIdSaQ KAIK LINRLR
mix, in contrast to the coatlominated other States, especially the emissiimtensive Vitorian
brown coal.

3.2. Crossapplication of regressions

Our gquality and robustness tes{8ppendix Dyielded that the elasticity specifications 1d and 3d perform
best. This is supported by results from the literatuvié€r et al. 2001; Lenzeret al. 2004; Coheret al.
2005; Lenzeret al. 2006 on environmental impacts of households, afdey and Stutzer 2008n
wellbeing. We therefore used these specifications to carry out our ceggsications of regressions and
data sets asi Equations 5 and 6 (Fig. 2).

Applying the HEBased 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 ishausieltdd
sample databasewith a wider range in explanatory variables than the HES (Fidt djust hence be
expected that HES samples show an averagibeingindex, and this is indeed the case (middle graph).
We confirmed this by randomly aggregating samples fromAb&VSset (left), and replotting (right graph).
Indeed, when theAUWSset is aggregated, it assumes a shape similar to the HEBisaily, the median
emissions estimated for thAUWSare slightly higher than the emissions calculated for the HE $nsetly
because the median income in tAdJWSset is higher than the median income in the HES aed the
median household size in the AUWS is lower than the median household size in the g $et
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Fig. 2 Results otrossapplyingregression coefficients tAUWSand HES data sets, accordingeguations
5 and 6 Left: SWB(data) and emissionsrégressed for the AUWSdata set; middle SWB(regressedl and
emissions data) for the HES data set; right: same as left, but for aggregatadnsamples to random
sample sizes.

Further, emissions are only low for samples with reported Wesllbeing but not vice versa: Even samples
with reported highwellbeingcan achieve low emissiongVe believe that SWB homeostasis@ants for
this ambiguity as well as the o of the AUWS regressions. Neverthel&sare is a general tendency for
emissions to increase withiellbeing

3.3.{ (i dzR 6tg5i5 Q &

In a final numerical experiment, we average otfex 60 regression runfstedin Equations 4. Averaging

is not possible for the regression coefficients, because of their different definitions and magnitudes.
However, the mean of thestatistics carbe taken across theegression runs (Fig).learly, ti relatively

small error bars of thé statistics shows that theignificanceof the regression coefficients is robust.
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