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Abstract

An increasing number of studies show that efficjeingprovements alone will not be
sufficient to attain the substantial emission reiduns needed to mitigate global warming to a
target of 2°C. Consumption side changes are liteelye needed to achieve sufficient
emission reductions. The United Nations emphasieemportance of developed countries
taking the lead in lowering emissions to achievedbstainable development goals. This
paper assess to what extent Norwegian househatdswar their carbon footprint consistent
with territorial emission reductions towards th€2arget of global warming through
implementing a set of behavioral actions. We eualtize efficacy of the set of actions both
initially and after considering rebound effectsmaiiltiregional environmentally extended
input-output database is linked with the Norwegiansumer expenditure survey to analyze
both average and marginal expenditure per unn@kiased income. Further, linear
programming is applied to examine the changes melegé&ouseholds to reach different
emission reduction targets. We find that househioigdementing the full set of actions
without re-spending can obtain a 58% decreaseein tarbon footprint. When accounting for
the effect of re-spending, this reduction drop24e35%, which is not within the
requirements of the 2°C target. The optimizatioalysis suggests households can achieve
reductions up to 45% by restricting re-spendinggecific goods and services. This indicates
that curbing the rebound effect is key to achievieg reductions in household carbon
footprints. We show that changing consumption pastean significantly contribute to
lowering anthropogenic greenhouse gas emissiom®utitcompromising the level of

economic activity.
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Abbreviations

APP Absolute purchasing power

CF Carbon footprint

COICOP Classification of Individual Consumptionodeding to Purpose
GHG Greenhouse gas

GWP Global warming potential

ICE Internal combustion engine

IPCC Intergovernmental Panel on Climate Change
MDF Medium-density fiberboard

MPC Marginal propensity to consume

MRIO Multiregional input-output

NOK Norwegian krone

pkm Passenger-kilometer

RPP Relative purchasing power

SCP Sustainable consumption and production
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1 Introduction

The Intergovernmental Panel on Climate Change te)@014 states that a 40-70%

reduction in anthropogenic GHG emissions betwed®2hd 2050 are needed to limit global
warming to 2°C above pre-industrial levels (Pachaual., 2014). The recent Paris
Agreement calls for signatories to pursue effaytgards the even more ambitious goal of
1.5°C to significantly reduce the risks and impatslimate change. Recent studies show
that it is becoming increasingly difficult to attahese goals through technical solutions alone
(van Sluisveld et al., 2016). Historically, techogical improvements have not outweighed
the growth in impacts due to increased consumggidood, 2009). This underlines the need
for a broader set of mitigation options, includmmgthe consumption side (Davis and

Caldeira, 2010).

A key challenge to limiting anthropogenic GHG eruss is to combine eco-efficiency on

the production side with consumer efficiency on¢basumption side (Throne-Holst et al.,
2007). The 12. Sustainable development goal obthieed Nations “ensure sustainable
consumption and production patterns” makes thedxyiicit (United Nations, 2015).

Optimal benefits are historically not achieved heseathe environmental gains from cleaner
production (efficiency improvements and innovatjoae offset by demand side aspects such
as population growth and increased consumptiorstardlards of living (Clark, 2007). Little
agreement on strategies to approach sustainabseiequion, such as focusing on eco-
efficiency versus sufficiency measures and greeafngarkets versus awareness raising have
further delayed progress in sustainable developiiMont and Plepys, 2008). Strategies to
realize this potential includes “reasonable” congtiom through changing consumption
patterns complemented by “reasonable” producticatesgies (Kronenberg, 2007) and
interfering more with consumer choices and marketéead of a pure focus on greening

production and products (Tukker et al., 2008).
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Consumers have two options to reduce consumptimerdgreenhouse gas (GHG) emissions.
The first is to reduce overall consumption, whieliezal studies find to be an important step
in climate change mitigation (Garnaut, 2008, Ivametal., 2016, Stern, 2007), but which
often has negative effects on economic growth é§8imas et al., 2017). The second option
is to shift the pattern of consumption towards goadd services that are less GHG emission
intensive (Throne-Holst et al., 2007). Some stuliresthat the contribution to climate
mitigation of such changes in consumption patteamsbe significant. Gardner and Stern
(2008) found energy savings in the range of 30-58%dying the impacts of lifestyle change.
Druckman and Jackson (2010) report 37% lower GH@G®0ons in a reduced consumption
scenario, while Alfredsson (2004) found a 30% réidndn CQ;, by adopting a “green”

consumption pattern.

However, it is often not realistic to consider $if@de changes without regarding impacts on
the household budget. If households for examplaaedheir car travel to lower their
environmental impact, this will both reduce costd &HG emissions. However, rebounds
occur when consumers-spend” this saved money from driving less on a vacatipn b
airplane to a faraway destination. This producektatal GHG emissions that offset the
initial emission reductions. This mechanism is kn@ag the rebound effect, first described by
Jevons (1866) and later by Saunders (1992) andhbhezoom-Brookes Postulate which
states that increased energy efficiency leadsaeased energy consumption. The rebound

effect has been seen in practice in car-free haldeln Vienna (Ornetzeder et al., 2008).

Rebound effects can arise either from efficiencgrnorements that make a good or service
cheaper or from changing the pattern of consumpéading to lower costs, known as

sufficiency strategies. There are three main tydesbound effects; direct (re-spending on

! Full re-spending in this paper relates to first implementing a hétrathat saves money, and then spending an
equivalent amount of money on one or several a@tera goods or services.



108 the same good or service as the one where morsayésl), indirect (re-spending on other
109 goods and services) and various macroeconomicteffeow the effect of the efficiency
110 improvement or changed consumption distributesuthinout the economy) (Greening et al.,

111 2000).

112 Since Jevons (1866), researchers have known ti@eety improvements are subject to

113 rebound effects. However, recent studies have shbatrsufficiency strategies also are

114 subject to rebound effects (Figge et al., 2014jhindiscussions of a transition to a circular
115 economy, overcoming rebound effects of efficienag aufficiency strategies is pointed out
116 as a key challenge (Ghisellini et al., 2016). Haend effects are not overcome, the last resort

117 isto reduce economic activity on the macro let/@ge et al., 2014).

118 Previous rebound effect studies often analyzertipacts of one or a few behavioral actions,
119 rather than lifestyle changes. Grabs (2015) fouhds@&@mission rebound effects of 49% from
120 changing to a vegetarian diet. Briceno et al. (2@06nd indirect rebound effects of 42-49%
121 from car-sharing schemes. Chitnis et al. (2013hdbdirect and indirect rebound effects in
122 the range of 5-15% from energy efficiency improvetsdy UK households. Font Vivanco et
123 al. (2014) found rebound effects in the range 6P@8from a conventional car to a plug-in
124  hybrid electric passenger car. Chitnis and Sof28IL5) found combined direct and indirect
125 rebound effects of energy efficiency improvement&JK households to be 41%, 48% and
126  78% for measures involving domestic gas use, et@gtuse and vehicle fuel use

127 respectively.

128 Studies on rebound effects from complete lifestylanges are less common. Chitnis et al.
129 (2014) found combined direct and indirect rebouffielots of 15-35% for different

130 combinations of household actions. Rebound effeete lowest for measures affecting
131 domestic energy use and largest for reducing foastev Druckman et al. (2011) found

132 combined indirect and direct rebound effects fronee¢ efficiency measures to be 34%,
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which dropped to 12% when restricting re-spendmgdods and services with low GHG
intensities. Alfredsson (2004) found g@bound effects of 238% for “green” food
consumption, 12% for “green” travel and 19% forégn” housing. An overall “green”
consumption pattern results in 14% rebound usifggeen” re-spending scenario. Murray
(2013) found effects in the range of 9-12% for comd sufficiency measures concerning

vehicle fuel and household electricity.

This paper investigates consumption side changasamplementary strategy to efforts to
decarbonize the production side to achieve suffte@ission reductions. We assess to what
extent households can contribute to CF (carborpfad) reductions on the scale of what is
needed to keep to the 2°C target of global warmiig. 2°C target is translated to a required
per-capita emissions reduction of 40% for Norwagriiegian Ministry of Climate and
Environment, 2015). An equivalent per-capita remunctrom the consumption side is then
taken (to cover the fact that a large proportioNofway’s CF is embodied in imports). A set
of actions is suggested that reduce GHG emissiolisa with this target. Only consumption
side changes are considered here, whereas (assbkscabove), these will need to
complement production side changes. We build ostiegj work as well as novel linear
programming approaches to develop a frameworkvestigate rebound effects of different
scenarios of fully re-spending the savings (Se@jpWe explore differences between
average and marginal spending patterns, as walkasstrained “green” spending pattern.
We then calculate the possible reduction in house@& when including rebound effects and
relate results to methodological choices of thdyais(Section 3 and 4), before concluding

and assessing the implications of the resultserfittal section.
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2 Methods

2.1 Norwegian carbon footprints

The CF is calculated using the input-output framéweeveloped by Wassily Leontief in the
1930s (Leontief, 1936). A basic input-output modmhsists of a system of linear equations,
where each equation describes the distributiomahdustry’s product throughout the
economy. It considers flows of products from indiassectors (producers) to other sectors
(consumers), and thus describes the compositiorpats required by a particular industry to
produce its output (Miller and Blair, 2009). Foderivation of the input-output framework,
see S2. The framework has been applied extendivébypking at CFs of domestic consumers

(Wood and Dey, 2009).

Total (direct + indirect) emissions per unit of ergiture, called emission multipliers, were
obtained using the multiregional environmentallyeexied input-output database
EXIOBASEV2, which includes information on 48 regscand 200 products for the reference
year 2007 (Wood et al., 2015). The database previdgh detail on greenhouse gas emission
intensive products (Wood et al., 2014). All majomhs of greenhouse gas emissions {CO
CHas, N2O and SEkusing IPCC emission factors (Solomon et al., 2pa included.
EXIOBASE provides emission estimates for each sesteach region as well as for direct
emissions by households. The number of Norwegiaisdimolds was obtained from Statistics

Norway (2014).

In this work we further utilize spending patterriaday consumer group from the Norwegian
Consumer Expenditure Survey of 2012 (Statisticsadyr 2013). Both handling of under-

reporting and conversion of the data from COICORgSIfication of Individual Consumption
According to Purpose) classification to the EXIOBA& classification and pricing was dealt

with using the framework of Steen-Olsen et al. @01



179 2.2 Costand emission savings of household actions

180 After screening the Norwegian household CF, wesasiee GHG reduction potential and the
181 direct economic impacts of 34 household actiong Gdse scenario is the average Norwegian
182 household's current pattern of consumption. Adiiere survey is used to obtain the needed
183 data on each action in sufficient detail. GHG emissnd direct economic impacts of the
184 actions are calculated by comparing a current bfpmnsumption behavior to an

185 environmentally better performing alternative, lvefecaling up to yearly savings per

186 household. Where the literature presents relafvengs from actions, absolute savings are
187 calculated based on the current average consumptiBXKIOBASEV2. The 34 actions are
188 distributed among seven sectors of household copisom transport, shelter, food, clothing,
189 furniture, paper and plastic (see S1 for detaikddudations and data sources). Consumer
190 price indices and exchange rate data (Statisticav&lg 2015) are used to convert to 2007
191 costs in Norwegiakroner? (NOK), and further to basic prices for later coctign to the

192 input-output modelling in the rebound framework €8l section 2.4).

193 2.3 Adjusting for double counting

194  Since some of the actions cover the same houselbidties, the degree to which actions
195 overlap must be evaluated to determine the cunvelatifects of implementing several

196 actions simultaneously. This potential double cmgnis accounted for by introducing an
197 actions-activity matrix (S3). In this matrix, werfexample distribute travels within a specific
198 distance range among six transport modes to cbeeotal yearly distance traveled. Net
199 savings in emissions and costs are multiplied byntlhmber of units available for each

200 activity to obtain the total cost and emission tiun structure of that combination of

201 actions. The actions-activity matrix serves ashthgs for further calculations, but it enables

202 several other scenarios.

2|n 2007, 1 € was equivalent to around 8.02 NOK
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2.4 Rebound Effect Framework

The rebound effect framework builds on the assessofeéhe Norwegian household
footprint, but integrates the household actionsthedebound effects. We look purely at
Norwegian consumption irrespective of region oforiby aggregating across exporting
regions and dividing by product level expenditwaive weighted emission multipliers per

unit demand for the 200 products detailed in EXICEEA(see S2 in supporting information).

The relative environmental rebound effect (Druckratal., 2011) is defined as:

(potential savings —actual savings)

rebound ef fect =

Potential savings

A redefinition of this is:

Ah = Expected reduction in GHG emissions
Ag = GHG emissions associated with re-spending

This gives the actual emission reductigh: — Ag.
The rebound effectrg¢) is then

_Ah—(Ah—Ag) Ag

Ah ~ Ah )

re
WhereAh is determined based on literature findings (S1seation 2.2).

For Ag direct emissions from householdg;,( are addedo the weighted multiregional
emission multipliers for Norwegian consumption fr&IOBASEV2 (see S2 in supporting

information) to give emission multipliern,,; that include both direct and indirect emissions

per unit of expenditure.

Full re-spending of the saved money according fferdint scenariosy(.) are then:
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34 (2)
Yre = Z(YSav * B *q) * Ysp
1

Ysav  Direct financial savings from the 34 actions nguated for double counting
B Matrix adjusting for double counting

q Vector of total number of units per action

Ysp Scenario of re-spending

Re-added GHG emissionsg) due to re-spending are then given as:

Ag = Myt * Vre (3)

Finally, Ag from Eq. (3) into Eq. (1) is inserted to calculdte rebound effect

— % — mtot * Yre (4)
Ah Ah

re
2.5 Spending patterns

After finding rebound effects using the framewobo®e, the next step is to look into the

development of the re-spending scenangs)(to assess the impact of re-spending on

rebound effects. We examine three scenarios: agenagrginal and green re-spending. While

the average and marginal approaches are commabs irdrature, the green scenario is

developed for this study.

2.5.1 Average
The average spending pattern is the shares ofdotalumption for each product group
converted to the EXIOBASE classification. All sag#nare re-spent across products in the

same proportions as the current average housekpéhditure.
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2.5.2 Marginal
In the marginal scenario, it is assumed that haaldstchange their spending pattern towards

that of higher income groups as income increases.

There are multiple approaches to calculating matgpending patterns (Font Vivanco et al.,
2014). Our approach builds on Thiesen et al. (200®8) comparted consumption patterns
across income brackets using cross-sectional Wétaobtain detailed data on household
consumption patterns (COICOP Level 2 classificgtlmoken down into six income brackets
consisting of income deciles 1, 2-3, 4-5, 6-7, &%) 10 (Statistics Norway, 2013). This is

used to calculate a weighted average distributi@anancremental increase in income.

The marginal propensity to consunMRC) from one income group to the adjacent one is

found as:

aQi Qin+1 B Qin (5)
Pt = 5 = T — i

In Eq. (5),i,, is the average income of income graypvhile Q; is demand for product group
i. This gives the marginal propensity to consumelpcbi when moving from income group

n to income groum + 1.
Next, the relative purchasing power of each ofgixancome groups is calculated:

app (6)

IPPn = o ———
" Z?:lappi

app, The absolute purchasing power of income gnoup
rpp, The relative purchasing power of income group

The weighted relative purchasing poweppw,,) when moving from one income group to

the adjacent one is then:



rppw, = 0.5 x rpp, + 0.5 xrpp,4 (7)

259 Eg. (7) is used for all income groups, except tveelst and highest which are assigned a

260 weighting factor of one as these income groupsaua@ted only once.

261 Finally, the marginal spending pattern is given as:

> (8)
msp; = Z(MPCm * IPPWy,)

i=1

262 Wheremsp; is the marginal spending of product graup

263 2.5.3 Green

264  We further develop the green spending pattern baselde marginal spending pattern. The
265 idea is that environmentally aware households ak®gpending on goods and services with
266 high emission multipliers. Selected goods and sesveliminated from additional spending in
267 this pattern have a combination of large GHG intgremd a large share of total consumption
268 (selected commodities in S4). Shares of the dedymteduct groups are reallocated to the

269 remaining groups as:

9)

d
a;
— M §
al-G = al-M + (#> * ajM

270 q;, Relative share of productn the green consumption vector
271 a;,, Relative share of productn the marginal consumption vector
272 a,, Relative share of produgt{deducted product) in the marginal consumptiortorec

273 d Number of deducted product groups



274 2.6 Optimizing pattern of re-spending

275 We introduce optimization methods in the analysisvestigate the potential of altering the
276 pattern of re-spending. This enables studying ggrek to which households must adapt their
277 re-spending to achieve different reductions inrtkdt. Linear programming finds an optimal
278 solution that minimizes or maximizes an objectivedtion, subject to one or several linear
279 constraints. These constraints can be limitationmaterials or factor resources, such as
280 capital or labor. Several multiregional input-outpMRIO) studies within the input-output
281 field use linear programming techniques, but ugusihployed for choice of technology.
282 Examples are the World Trade Model that determima$d prices, scarcity rents, and

283 international trade flows based on comparative athge in a world economy, described in
284  Duchin (2005) and further developed to includetbiial trade in Hammer Strgemman and
285 Duchin (2006). The World Trade Model with Bilateflaade builds on the logic of

286 comparative advantage (Duchin and Levine, 2015 dften leads to complete

287 specialization in production as the optimal solutiehich is considered an important

288 limitation of linear programming (Ten Raa and Shkesta, 2015).

289 In comparison to that work, we are interested girggwhether it is possible to look at linear
290 programming from a consumption basis. Whilst earlierks study possibilities for alternate
291 technologies, or substitution at the industry letldk analysis is purely limited to what

292 households can do in terms of spending patternsudls, we are interested in what mixture
293 of spending will yield optimal environmental effectWhilst the realization of an «optimal

294  spending pattern» is subject to many constraintsitabasic versus discretionary spending, as
295 well as localized requirements by households, t# ig to use linear programming to inform
296 the scale and rate of possible change. In the sétile linear program (S6.1), we start with

297 the marginal re-spending scenario as a defaulttsmlimpose stepwise restrictions on the



298 minimum overall CF savings tolerated. The objectiwgction is set to minimize the change

299 in re-spending compared to the default.

300 3 Results

301 To identify areas of large potential reductionhe CF of the average Norwegian household,
302 we look into updating the work of Steen-Olsen e{2016) who ranked the goods and

303 services according to largest consumption sharé; @rissions, and emission multipliers.
304 Consumption data is from the Norwegian ConsumeveSuof 2012 (Statistics Norway,

305 2013), while emission multipliers and GHG emissiares calculated by Steen-Olsen et al.

306 (2016).

Top 10 emission multipliers

Product Group (gC0,.eq/NOK)
0734 Passenger transport by sea and inland waterway 486
0722 Fuels and lubricants for personal transport equipment 333
0453 Liquid fuels 223
0454 Solid fuels 161
0733 Passenger transport by air 118
0611 Pharmaceutical products 113
0613 Therapeutic appliances and equipment 95
0713 Bicycles 95
0612 Other medical products 90

0431 Materials for the maintenance and repair of the dwelling

Product Group Percent of total
0421 Imputed rentals of owner-occupiers 12%
0711 Motor Cars 8%
0431 Materials for the maintenance and repair of the dwelling 4%
0312 Garments 4%
0451 Electricity 3%
0722 Fuels and lubricants for personal transport equipment 3%
1111 Restaurants, cafés and the like 2%
0112 Meat 2%
0411 Actual rentals paid by tenants 2%
0511 Furniture and furnishings 2%
| ToplOCFCOICOPlevel3(2007) |
Product Group Percent of total
0722 Fuels and lubricants for personal transport equipment 19%

0711 Motor Cars 8%




307
308

309

310

311

312

313

314

315

316

317

318

319

0431 Materials for the maintenance and repair of the dwelling 7%
0421 Imputed rentals of owner-occupiers 5%
0312 Garments 3%
0960 Package holidays 2%
0734 Passenger transport by sea and inland waterway 2%
0112 Meat 2%
0511 Furniture and furnishings 2%
0611 Pharmaceutical products 2%

Table 1: Top 10 products groups by emission multipliers, total spending and carbon footprint for Norwegian household
consumption

Several of the consumption groups with the higkesssion multipliers include fuel or
passenger transport consumption. A combinationgtf @mission multiplier and large share
of total consumption results in a large CF. Howggeme consumption with relative high
expenditure shares have lower than expected CFexample is electricity that accounts for
3% of total spending, but is not included in the 1® CF groups. This is likely due to a low

emission multiplier, since electricity consumedNiorway is largely hydropower-based.

3.1 Household actions

Table 2 shows the 34 actions chosen to reducedirgehold CF, as well as corresponding
GHG emission and cost savings potential from imgletimg each action individually (for
calculations see S1). In Table 2 savings are stowactions individually, disregarding

potential double counting issues.

Rebound Effects
Savings in GHG
Household Actions NOK (2007 | savings (kg Marginal Average Green
Prices) CO,-eq)
Switch to budget electric car 32,885 3,685 62 % 48 % 42 %
Switch to top of the line electric car -23,233 2,760 -58 % -45% -40%
No trips by car under 3 km 688 150 32% 25% 22 %
Only bus transport 14,312 4,863 20% 16 % 14 %
Car-pooling for work under 10 km 474 103 32% 25% 22 %
Only train transport 14,312 4,973 20% 15% 14 %
Walk instead of train (9.4 km) 12,030 183 456 % 353% 311%
Reduce business flights (one per month) 71,344 3,112 159% 123% 108 %
Eliminate long-distance flight for vacation 8,202 2,629 22 % 17% 15%
Reducing indoor temperature by 1°C 472 92 35% 27 % 24 %
Space and water heating 920 1,333 5% 4% 3%
Appliances and other -843 174 -34% 26% -23%
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330

331

332

333

Green Diet 11,853 1,854 38% 29% 26%
Eliminating food waste 17,384 1,020 100 % 78 % 68 %
Organic Green diet -23,706 2,039 -68 % 53% -47%
Other measures (organic, local, composting) -15,804 695 -134% -103% -91%
Eco-efficiency across supply chain 0 57 0% 0% 0%
Design for durability -1,649 107 -90 % -70% -62%
Market shift to more synthetic fibers 330 6 348%  269% 237 %
Clean clothing less 660 36 107 % 83 % 73 %
Wash at lower temperature 660 20 199 % 154% 136%
Increase size of washing and drying loads 330 20 99 % 77 % 68 %
Use the tumble dryer less 660 15 253 % 196% 173 %
Dispose less - reuse more 989 10 597 % 461 % 407 %
Start closed loop recycling of synthetic fibers 0 13 0% 0% 0%
Dispose less - recycle more 0 7 0% 0% 0%
Reduce clothing purchases by 20% 6,597 279 139 % 108% 95%
Average of changing 6 pieces of furniture -3,070 9% -223% -172% -152%
Increase lifetime by 20% 2,333 116 119 % 92 % 81%
Buy furniture with 20% recycled MDF -1,166 73 -94 % -73% -64%
Eliminating unsolicited mail 0 39 0% 0% 0%
Reduced printing 246 17 104 % 80 % 71%
e-papers and e-books 1,970 26 525% 405% 358 %
Reducing plastic waste by 30% 191 14 95 % 73 % 65 %

Table 2: Household actions with according GHG emission and financial savings fromimplementing each action individually
including rebound effects of different spending pattern scenarios (discussed in section 3.3)

Comparing Table 2 with Table 1, several interestiegds appear. Large CF reductions for
the transport actions are as expected based andarggumption shares and large emission
multipliers for transport related consumption. F@od shelter actions also result in large CF
reductions, but the reduction potential of shedigrons is more a result of large share of total
expenditure than that of the food actions. Garmkeat® in Table 1 the fifth highest CF.
However, most of the clothing actions do not cdntie to large CF reductions, indicating that
the CF of garments is a result of a high househottyet share. Reducing business flights
(one per month) results in the largest cost redactiowever it ranks fourth in largest GHG

emission savings.

3.2 Spending patterns

Comparing the three approaches to calculating spgmuitterns (Table 3) indicates how

Norwegian households spend money when income (asesage to marginal) and how
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households who which to lower their CF could spérair money (marginal/average to

green).

Product Groups Average Marginal Green
01 Food and non-alcoholic beverages 12% 11% 18%
02 Alcoholic beverages and tobacco 3% 1% 1%
03 Clothing and footwear 5% 8% 1%
04 Housing, water, electricity, gas and other fuels 31% 24 % 9%
05 Furnishings, household equipment and routine household maintenance 6 % 7% 11%
06 Health 3% 1% 3%
07 Transport 19% 24 % 8%
08 Communication 2% 1% 3%
09 Recreation and culture 10% 11% 9%
10 Education 0% 0% 0%
11 Restaurants and hotels 4% 4% 6 %
12 Miscellaneous goods and services 6 % 8% 30%

Table 3: Comparing spending patterns (COICOP Level 1 classification)

The decrease in spending on particularly shelee@ory 04) and the increase in transport
(category 07) from the average to the marginal agemndicates a low and a high income
elasticity of demand respectively for these condiongroups. The large shares on
miscellaneous goods and services and food in #mengscenario are due to constraining re-
expenditure on products within the other more emnmentally impacting categories. The
miscellaneous goods and services category cordamasigst others insurance, financial

services, personal care and social protection @drtations Statistics Division, 2016).

3.3 Rebound effects for individual actions

The GHG emission savings including rebound effe@hlsolute values (Table 2) are given
as((1 — %re) = original GHG savings ). The green spending pattern achieves the best
results in reducing GHG emissions when includirigprand. Actions with negative rebound
effects are a result of a cost increase of impleémernhe action. Hertwich (2005) calls this a
spillover of environmental behavior, where envir@mtally aware households implement
other types of beneficial behavior, such as spenddditional income on more expensive

organic food. Actions that backfire (over 100% rebd) do so because of a high ratio of



352 saved expenditures to reduced emissions. Howehasetin general have low initial GHG

353 emission savings, resulting in small effects inchlie terms.

354 The set of actions includes both demand shifts feiging an electric car) and reduced

355 consumption (e.g. reducing indoor temperature 1) 1The aim is to exclude technological
356 improvements not currently available to the consufessible exceptions to this are some
357 actions within the clothing sector that requireraes on the production side, such as eco-

358 efficiency across the supply chain.

359 3.4 Cumulative rebound effects

360 Relative and absolute CF reductions for the theegpending scenarios are found using the

361 actions-activity matrix that adjusts for double nbog (Table 4).

Original | Rebound effect in percent
. GHG
Household Actions savings (kg | Marginal Average Green
CO,-eq)
Transport 9,847 83 % 64% 57%
Shelter 1,383 0% 0% 0%
Food 3,587 16 % 13% 11%
Clothing 569 89 % 69% 61%
Furniture 284 -51% -39% -35%
Paper 81 190 % 147 % 129 %
Plastic 14 95 % 73% 65%
Total of all actions combined 15,766 59 % 46% 40%
Original CF of households 27,170
Reduction in CF 58 % 24 % 32% 35%

362  Table4: Sectoral and total rebound results and GHG emission savings including rebound adjusted for double counting

363 Transport, shelter and food actions result in #ngdst CF reductions. Implementing the

364 combined transport actions have large rebound ie-@pending scenarios because of large
365 financial cost reductions. There is no rebounchefdombined shelter actions, since financial
366 costs add to close to zero. CF reductions of thatfure actions are enhanced since these

367 come with a cost increase.
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The decrease in CF reduction from before re-spen@ié%) to after re-spending (24-35%)
underlines the importance of including rebound&feThe goal of reducing anthropogenic
GHG emissions by 40% (10.9 tons £€y per household) is not achieved with this set of
actions when including rebound effects. Howeveudetolds can achieve further reductions
through changing, adding or eliminating actionsctSscenarios can be explored by using

optimization approaches.

3.5 Optimization of re-spending

In the final part of the assessment, we use lipeagramming to explore how the rebound
effect can be reduced through changes in re-spgpditierns. We impose stepwise
restrictions on the minimum overall CF savingsratied, starting from the default marginal
re-spending pattern (24% overall CF reduction) moding towards the theoretical maximum
(58% reduction, equal to no re-spending) (Figurel'lhg objective is to achieve specific
emission reductions while minimizing the changéhim consumption pattern. Whilst linear
programming approaches give only indicative resaltsdetermined by the extent of the

constraints applied, they do allow for visualizthg scale of change required.
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384  Figure1: Pattern of re-spending for different CF reduction targets (COICOP level 1)

385 The results show that households can achieve 8p-6% CF reductions with moderate
386 changes in their pattern of re-spending. Stri&pgending on goods and services with low
387 GHG intensities for reductions above 35-45% makegtactical implementation of this re-
388 spending questionable. This is seen by the rapidase in the change in pattern of

389 consumption for reduction targets over 40% (S& A total financial savings is about

390 150,000 NOK , or about 35% of total expenditurdstfStics Norway, 2013). Although

391 requiring careful re-spending considerations, cirapgnly 35% of total expenditure seems

392 feasible.

393 The increased re-spending on “Housing, water, it#yt gas, and other fuels” for large CF
394 reductions is different from the green spendinggoat(Table 3) that showed an increase in
395 consumption on “Miscellaneous goods and serviced’adecrease in “Housing, water,

396 electricity, gas, and other fuels”. However, sitioe linear program’s objective is to minimize
397 change in consumption compared to the marginalest®erconsumption will not simply move

398 towards consumption groups with the lowest emissiaitipliers. Instead, it will choose
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consumption groups with a combination of large comgtion shares and low emission
multipliers. A disaggregation into 25 consumptigoups reveals a heavy move towards
“Shelter: Electricity” for larger CF reductions (S% which could be considered an anomaly
for Norway in the international context becauséheflow-carbon electricity mix. The
emission multiplier of electricity by hydro is aefly the fourth lowest of all 200 product
groups for final consumption expenditure by Norveeghouseholds in EXIOBASEV2 (S7). A
second analysis available in the SlI, that exclilkdesmpact of margins on different products,
instead shows a shift to services rather thanraddygt(S6.5). The message is the same

however — there are radical shifts in consumptiattepns at around 40% reduction.

4  Discussion

Most of the scenarios in this paper show CF redastthat are not within the minimum 40%
reduction in anthropogenic GHG emissions needestiatp within the 2°C target of global
warming. Only scenarios of moderate to large chamgéousehold consumption show CF
reductions above this. However, the potential rédos are larger when including future
efficiency improvements in production and optimallaboration between producers,
consumers and policy makers. It is also importamioinsider that the household CF tells only
part of the story on the demand side. Similar laegkictions in emissions related to

government and capital consumption are also redjuire

4.1 Re-spending

Further CF reductions can be achieved by relaxiegcbnstraint of total re-expenditure and
including technological improvements. Consideriegsl than total re-spending could have
negative effects on economic growth through defeorereduced overall consumption.

Deferred consumption have potential negative steont consequences, while reduced
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overall consumption can of course, lead to recassidde-growth”. The implications of this

is not considered in the scope of this work.

The green re-spending scenario does not considetheththe goods and services eliminated
from re-spending are basic or discretionary. Pusiciggan electric car might for example be

incompatible with eliminating re-spending on elaxty from sources such as coal, gas, and
biomass and waste, unless replaced with electfimty other sources. However, the re-

spending affects only 35% of total household exparel

4.2 Rebound effects

The large number of actions should indicate thatéoound effects of 40-59% are less
sensitive to changing, eliminating, or adding atsiol hese results are, however, generally
higher than those found in other similar studiesidkman et al. (2011) found effects of 12-
34%. However, in the 12% scenario all re-spendiag im the least GHG intensive category.
This is a stricter re-spending than the green Spgratenario. Of other similar studies,
Alfredsson (2004) found rebound effects of 14%doraverage re-spending scenario, Murray
(2013) found effects of 12-14% for a marginal resgging scenario, while Chitnis et al.
(2014) found effects of 15% from combined efficigmseasures and 35% from combined
sufficiency measures. However, in these three studouseholds implement only a handful
of actions, making rebound results dependent ochbee of actions. Our results are
however comparable to those in Freire-Gonzéalezip@dth rebound effects of 56-65%, but
that study only looks at rebound effects from egefficiency improvements in the use of

energy in the household.

Rebound effects are primarily indirect as the sdesanclude re-spending across most goods

and services. However, as re-spending on the saptea service as that of the behavioral
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action is included, a small portion of the totatlisect rebound. Disaggregating types of

rebound effects is outside the scope of this study.

Considering the validity of the different re-spemglscenarios is important. The large cost
decrease of 150,000 NOK from the current lifestylange, justifies the use of the marginal
pattern of re-spending. If households continue smalar consumption pattern as before the
lifestyle change, the average re-spending could §@od choice. However, assuming that
households take CF considerations into their choice-spending, the green re-spending

scenario is plausible.

Large-scale implementation of the suggested lifestfange can drive production side
changes through shifting demand. This potentialatedrshift needs attention (Alcott, 2008).
The idea behind restricting the analysis to congiongside changes is not to ignore the
modifications on the production side, but rathealtow household changes to drive

production side changes that generate further GiiSston reductions.

4.3  Optimization

Electricity by hydro had an unrealistically largeage of re-spending found in the
optimization results. The focus should rather beetepend saved money on goods and
services that are both fulfilling and have low esios multipliers. Consumption groups that
could provide both environmental and personal benigiclude education services, printed

matter, and recorded media, as well as recreationkiiral, and sporting services.

Under the assumption of stable or even increasesiutoption levels, households should
focus their re-spending on higher quality goods semices, such as organic food or durable

electronic products to curb the rebound effechasé¢ goods have low emission multipliers.
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4.4 Limitations and uncertainties

Practical difficulties in implementing the suggeksliéestyle change because of considerations
like infrastructure, urban versus rural area arwess to appliances and products (e.g. organic
food or special types of furniture) are likely. $hs particularly relevant for actions requiring
access to specific transport modes. As such, tirerdsetup fits a scenario of multiple
households implementing the actions, as relatil@lyshares are assigned to bus and train

transport for the travel distances.

One return business flight per month per persanfaist glance seems overestimated.
However, it should rather be interpreted as an @kauwf how frequent flying affects the
household CF. The flight distance used for thisoads rather short, so one or several long-
distance flights within a year are comparable ®@o@&HG emissions and costs associated with
multiple return business flights. In Norway, aarsport now accounts for almost half of all
work related travels (Denstadli and Rideng, 20EXpact data on air transport per person in
Norway were scarce, but Denstadli and Rideng (26agyest Norwegians travel 0.4 trips per

person by plane per month.

The optimization approach is highly stylistic inaciging the pattern of re-spending to reduce
the household CF, and does not consider housefipidion of the GHG intensities of goods
and services. The objective of minimizing absotiitange in consumption pattern compared
to the marginal scenario is quite abstract. Funtesearch could focus on measures that are
more intuitive, such as the behavioral costs aasetiwith achieving GHG emission

reduction targets.

The purpose of the actions-activity matrix is te@mt for double counting; however,
complete elimination is unlikely. Double countirejated to the transport actions involving

daily travel is accounted for by setting a limittke total distance travelled within each
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distance range. Other actions are however, moemnglad. Eliminating food waste for
example depends on the diet choice. Here, thenaligcenario is used as a reference, but the
food waste will depend on the choice of diet. Bgyfarniture with 20% recycled MDF
(medium-density fiberboard) follows a similar argemhas it depends on the type and lifetime
of the furniture. Some actions in the clothing egcind reading e-newspapers and e-books
are linked to the mitigation potential of “appli@scand others”. However, we believe that

these instances of double counting should not ahéimgresults significantly.

5 Conclusion

This study examines the potential CF reductionhainging household consumption. We
propose an ambitious lifestyle change consistingdolbehavioral actions and investigate to
what extent the average Norwegian household caeaeBufficient reductions in their CF in
line with a 2°C target of global warming, and whapact rebound effects will have.
Implementing the lifestyle change would imply calesable behavioral changes, but most of
these also equate to substantial financial savidgder the assumption that total expenditure
levels stay unchanged, how households re-spend sassngs is crucial to the overall CF
reduction. The analysis includes the common aveaagaemarginal scenarios of re-spending,
implementing a green re-spending scenario, asagdihding required re-spending to meet
different reduction scenarios using linear prograngmAn initial reduction of 58% in
household CF dropped to 24-35% for the re-spensiiegarios when including rebound
effects. To lower the rebound effect, householdaikheliminate re-spending on goods and
services with high GHG intensities. Given the intpoce of the pattern of re-spending, the
linear programming approach shows that CF redustodr85-45% can be achievable without
massive changes in expenditure habits. Particuladyseholds should curtail re-spending on
goods and services associated with fossil fuel siseh as mobility, and production processes

demanding heavy use of resources, such as cladinidgertain manufactured products. For
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emission reductions within the 40% official redoctitarget of the Norwegian government by

2030, re-spending must largely shift towards sew@ssociated with a low GHG intensity.

If we are to limit global warming to the 2°C targattion is needed now rather than later. We
should not rely entirely on future technology impements to do the job, but complement
them with changes on the consumption side. To aeguifficient CF reductions before re-
spending, changes are not limited to consumptieoaated to products with high GHG
intensity per unit of expenditure. Since the raticghe average GHG intensity associated with
the lifestyle change compared to that of the rexdpg determines the rebound effect, a
comprehensive consumption change will necessadylt in larger absolute rebound than
small changes. The rebound results in this stueyrarefore large compared to other similar

studies.

Ignoring the rebound effect is equivalent to assgnlecreased total expenditure, which
could severely compromise economic activity. Thakscfor a larger focus on rebound effects
and factors that determine re-spending in discassim sustainable development and the

transition to a circular economy.

Further research on the willingness and behavawsts of implementing different actions
that reduce CF could provide understanding of #s tways to reduce CF on the
consumption side. Studying the effect of investmestiead of total re-spending can give

useful insight to ways of curtailing the rebounteef.

Large-scale implementation of the set of actiomsdrave production changes through
shifting demand towards goods and services assdorath low GHG intensities. The
production side can respond to this demand shifirbguction of environmentally better
performing products, leading to further emissiotsuations. Further studies on how lifestyle

changes and production side changes can benefitifribuencing each other to lower GHG
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emissions will offer increased understanding on tmachieve the emission reductions

needed to reach the 2°C target of global warming.
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/ Footnotes

(1) Fullre-spending in this paper relates to first implementing a hédathat saves money,
and then spending an equivalent amount of moneyneror several alternative goods or

services.

(2) In 2007, 1 € was equivalent to around 8.02 NOK
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We analyze a shift to a green lifestyle for Norveeghouseholds

34 behavioral actions achieve a 58% reduction iharafootprint

Carbon footprint reductions drop to 24-35% whenuding rebound effects
A “marginal” re-spending scenario result in largeiound effects

Increased re-spending on low GHG intensive goodssanvices reduces rebound effects



