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Abstract

The project has three objectives: to build a macroecononadainof the economy to help
us understand and predict patterns of energy and resouecgaiperform microeconomic
studies of patterns of demand for individual goods; andvestigate the importance of con-
sumption externalities in determining labour supply.

Existing models can account for trends in global energy wsely on the basis of firms’
production functions, by assuming a high degree of sulbaktiity between inputs. But they
fail when confronted by further data, which show that hooselpreferences cannot be ig-
nored. We have only a vague description of these preferehoesthey are formed, and how
they interact with technology and policy to determine ecoimoand environmental outcomes.

Our macroeconomic model will show how the effects of diffgérpolicy measures re-
verberate through the economy. Preliminary results sughas measures which increase
the efficiency of low-energy consumption alternatives #thdae favoured as they lead to
‘reverse-rebound’; as their price falls, consumers switetards them, and thus away from
more energy-intensive alternatives. And we should bewiseamporting efficiency improve-
ments in energy-intensive goods only affordable to theasthreductions in their price may
lead to backfire. Detailed studies of patterns of demandftiwidual goods will support the
macroeconomic model, showing effects of specific policgesh as raising the cost of air
travel.

The high-tax European socioeconomic model is blamed foetiow labour supply, a
bad thing. But we will investigate the extent to which labowaty be oversupplied due to a
consumption race, implying that lower labour supply is adytiuing. This would turn the
‘double dividend’ argument on its head: environmental sabead to lower labour supply,
which is a spin-off benefit rather than a drawback!

1. Objective and research question

The overall objective of this project is to suggest effexiivstruments to help achieve the
goals of the Swedish government—in particular with regardlimate and resource use—
highlighting relationships between production, consuamptand polluting emissions.

In a simple neoclassical economic model with a single goedfept markets, and exoge-
nous labour supply, the nature of technology and quantitapftal determines both the value
of production in a country, i.e. GDP, and the quantities ahary energy and resources used
in the production process. However, in reality there areyngoods which differ greatly in
energy- and resource-intensity. Consumer preferenceg@mbmic instruments—as well
as the nature of technology—determine the pattern of copamacross these goods, and
hence have a large bearing on total energy and resourceroptisn. Furthermore, labour
supply is also variable, and is affected by preferences afidygnstruments. This also has
an important bearing on total energy and resource use, sinoe labour supply means more
production and consumption, and hence also more resouece us

Given this background, the project has three overall rebeabjectives, the first two of
which relate to consumption patterns, the third to laboppsu The first objective is to build
a macroeconomic, general-equilibrium model of the econtmninelp us understand historical
patterns of primary energy use, and to predict the effectmlify measures; the second is to
perform microeconomic studies to understand patterns fade for individual goods, and
link the results to the macroeconomic model. The third neteabjective is to investigate
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the importance of consumption externalities in deterngroptimal labour supply, and again
to derive policy conclusions.

The approach of the project is economic. The neoclassicaiogaic approach is often
characterized as narrow. However, it is in fact flexible, aad be adapted to deal with any
set of assumptions about (for instance) preferences andhegvare formed. The approach is
better characterized as mathematical in the sense thaidists of taking assumptions about
how agents in the market behave—as well as what technolagigsnputs are available—
and using them to derive exact quantitative predictionsuahow the economy as a whole
will develop, potentially including its effects on the netlenvironment and natural resource
stocks.

2. Current knowledge

In this section | first discuss facts regarding long-run gldibends in energy consump-
tion, and consumption of metals. | then show that there ®risteries of models—the oldest
of which were developed in the 1970s—which can account ferleng-run trends in the
data entirely on the basis of firms’ production functions,asguming a high degree of sub-
stitutability between inputs (labour, capital, and reses) in these functions. Consumer
preferences play no role. However, | then show that theseshaddil when confronted by
further data, and this failure demonstrates that it is i é@sential to account for household
preferences when explaining long-run trends in resourdeeaiergy consumption, and also
when predicting future trends and designing policy inseuais. | conclude that agents’ pref-
erences are very important in determining overall levelgrdrgy and resource use in the
economy, which in turn are strongly linked to carbon emissiand other factors affecting
environmental quality. However, we have only a vague dpsoni of these preferences, how
they are formed, and how they interact with technology aridyto determine the allocation
of resources in the economy.

2.1. Global and national trends

Over the last 200 years, the value of global output per uniledur input has increased
greatly. However, the value of global output per unit of g resource inputs has not
increased nearly so much, if at all. This seems surprisingngthe obvious increases in
the energy- and resource-efficiency of individual prodarctbrocesses over the same period;
normally we expect an increase in efficiency to result in ammdase in output per unit of
input.

Figure 1—showing data on production, energy use, and priseggests that although
the short-run elasticity of substitution between energy e other inputs to production is
small, the long-run elasticity is close to 1, implying thaé tong-run energy share of GDP
is constant. Furthermore, both Griffin and Gregory (1976) Bimdyck (1979) use cross-
section data across countries and estimate an own-pristicéiaof energy use of @, and
Griffin and Gregory explicitly consider the Cobb—Douglasdtion and cannot reject it. If we
assume that price differences between countries are fgasikis supports the idea of (close
to) unit long-run elasticity. Note that Figure 1 shows pnignanergy from combustion. It
does not include energy from food and animal fodder, neiloes it include nuclear power
and renewables.

Similar data on global metal consumption (in tons per yead) grice (in constant USD
per ton, weighted across all metals) gives rise to a similetupe (not shown here): the
weighted price of metals is the same in 2000 as it was in 190@reas the total rate of
extraction and consumption of metals has increased in litteglobal product.

2.2. Existing models: DHSS, Atkeson and Kehoe, DTC

A very simple and standard model in economics, the neocklsgiowth model adapted
to include resource inputs, is broadly consistent with theadhowing that the factor share
of resources is constant. (This model is often known as th&®khodel, named after the
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Figure 1: Long-run growth in consumption per capita andgwjccompared to growth in GDP per capita, for
primary energy from combustion: (a) U.K.; (b) Globally.

Global product data from Maddison (2010). Energy: Coal, miltural gas, and biofuel. Global fossil quantity
data from Boden et al. (2012); UK data from Warde (2007). @idgdata from BP (2012). Coal and gas price
data from Fouquet (2011); note that these data are only ferage prices in England; we make the (heroic)
assumption that weighted average global prices are sirBiiafuel quantity data from Maddison (2003). Biofuel
price data from Fouquet (2011); again, we assume that tree atat representative for global prices, and we
extrapolate from the end of Fouquet'’s series to the pressunaing constant prices. Combustion of biofuels in
the U.K. is negligible over the entire period. Sensitivityalysis shows that the assumptions are not critical in
driving the results.

papers of Dasgupta and Heal (1974), Solow (1974a,b), agtit5(1974).) Essentially all
that we need to make our point here is the production funetiost commonly used in this
framework, the Cobb—Douglas. That is, the resolRceapitalK, and laboul. are combined
to produce a single product (we call it a widget) accordinth#following function:

Y = (ArRR)% (AKK)P (A L)Y9—B.

Herea andf are parameters arfk, Ax, andA, are productivity factors. Assuming perfect
competition between firms, each with this production fumgtiwe find that whatever the
trend inw; (the resource price), the share of firm costs accounted fdr fiye. w,R/Y)
remains constant. The reason is the unit elasticity of gubieh between resourcésand the
other inputs, capital and labour. So (loosely) if the pri€eesources rises by 1 percent the
quantity declines by 1 percent, and the cost share remairsatine.

The substitutability between inputs on the production d$ide been questioned, since
the data show that short-run demand is inelastic, suggeatiow degree of substitutability
between inputs in the short run. This can be explained wittmu much difficulty, either
by assuming that capital investments lock firms into pagtevhinput use in the short run
(Atkeson and Kehoe, 1999), or by assuming that inputs ard wséixed proportions rela-
tive to one another for any given technology, but that theepgrtions can change over time
due to a process of directed technological change (DTC)witiakes scarce inputs more
productive. In the standard approach to modelling DTC (seénktance Acemoglu, 2002)
investment in knowledge augmenting different factors iprioportion to the shares of those
factors. Since energy is complementary to labour—capithEn energy price increases its
share also increases, hence energy-augmenting knowlsdg®osted, pushing the energy
share back down. Hart (2013) shows that if the factor-augimgrknowledge stocks are
produced independently of one another—dendtel@pendent knowledge stoekshen this
buffering mechanism is perfect in the sense that the longactor shares of complementary
inputs are independent of the quantities of these inpugd:ishthe long-run production func-
tion is Cobb—Douglas! In the light of this result it is not prising that the seminal paper in
the modelling of DTC and energy demand—Smulders and de N2@(3)—implicitly as-
sumes independent knowledge stocks, thus yielding therondixed-share property. Many



subsequent authors—including Gerlagh (2008), FischerNawlell (2008), Gans (2012),
and Hassler et al. (2012)—make the same assumption andhihiugrtodels have the same
property!

Neither the explanation based on capital vintages, norlthséd on DTC, stand up to
scrutiny. The problem with the idea that capital investradatk firms into input patterns
in the short run is that this presupposes the existence ofra iealternatives with widely
differing input requirements to produce the same good. @anstance, it we want to make a
car we can either use lots of labour and capital and littlel st little labour and capital and
lots of steel. Of course there is a degree to which extra lata contribute to more efficient
use of steel inputs such that more cars can be made per taeblised, but this effect seems
likely to be marginal. The explanation based on DTC seemsmormising: the amount
of steel needed to make a given type of car might be moressriflged at a given time, but
given technological progress we can find ways of making céistive same or better quality
(performance, safety, etc.) with less steel. And if thegon€steel is high then a lot of effort
will be put into finding such technologies.

The problem with the DTC-based explanation for increaseduece and energy use is
that study of the data shows that technological progressnh@st strongly favoured lower
levels of resource use in the production of given producpeeially in the case of energy.
But this improvement has not been reflected in aggregateases in the value of production
per unit of primary energy input. To see this we consider twadpcts, artificial light and
motive power. Light is a convenient product category forlgsia since light is a consump-
tion good which is rather homogeneous and unchanging ovgrlerg timescales, and the
energy efficiency of its production is easily measured. keti@nd Pearson (2006) study
light production and consumption in the U.K. over seven aees. They conclude that the
efficiency of light production in the U.K. (measured by lummoduced per watt of energy
used) increased 1000-fold from 1800 to 2000; the produgtafilabour in the U.K. over the
same period rose by a factor of 12—-15 (estimates vary). ldgituction is a convenient sec-
tor within which to measure efficiency, but it is not very lardNow we turn to the production
of motive power from fossil fuels, a very large sector. In #8¢h century motive power was
largely generated by steam engines, while over the last #@6sywe must consider electric
power generation and the internal combustion engine. Regpsteam engines, sources such
as Hills (1993) suggest that their efficiency in generatiog/gr from coal inputs increased
steadily from their invention in the early 1700s up to 1900d &y a factor of around 20
over the entire period; this growth in efficiency is again enapid than the growth in labour
productivity over the same period. Subsequently, the efiiwy of coal-fired power stations
has continued to increase but at a declining rate; see ftarioe Yeh and Rubin (2007) for
detailed evidence. Regarding the internal combustiomendinittel (2011) shows that—for
a vehicle of fixed characteristics in terms of weight and eegiower—fuel economy would
have increased by 60 percent over the period 1980-2006 dieehnological change, cor-
responding to a growth rate of8lpercent per year, slightly greater than the average growth
rate of labour productivity over the same period, which wasgercent per yedr.

The above explanations (DHSS, Atkeson and Kehoe, DTC) forctmnstant cost share
of energy and resources—and hence the failure of decouplarg all based on firms being
able to substitute between inputs used in the productiongifen representative product.
When the price of resource or energy inputs falls relativih&oprices of alternative inputs,
firms use relatively more of the resource. And the fall of teee price relative to the wage
then explains why firms use more and more resources. Howhegrfail because we cannot
find evidence for this substitution process actually odngrto the extent required: indeed,

1in the case of Smulders and de Nooij (2003) the fixed-shareétremsems paradoxical, as the authors set out
to explain why the energy share hdsclinedin recent decades in a selection of countries. The exptaméi
that the authors start off their simulated economy away fileenlong-run balanced growth path (b.g.p.), and the
decline in share occurs on the transition path.

2We calculate this figure using data from stats.oecd.orgouaproductivity growth in the total economy.



we see the opposite, that firms have become more and moregesdficient in the produc-
tion of given products.

So if the above explanations cannot account for the failideooupling, what can? Put
differently, if resources and labour—capital are not higuibstitutable in the production of
given products, why is it that increases in the efficiencyhwihich we can use resources to
make products are not reflected in lower total energy usemieobiproduction? The answer
must lie on the consumption side of the economy: there is tiame one product made in the
economy, and consumption patterns across the availabdieigoshift over time.

2.3. The role of households and their preferences

Preferences and consumption patterf§rms have become more efficient in converting given
resource and energy inputs into given products, but aveesgeirce and energy use per unit
of production has not increased. The explanation must Il égountervailing shift in con-
sumption patterns over time, towards products which areures- and energy-intensive.
Such a shift must be driven by the nature of household predese We know that house-
holds have got richer, while energy-intensive productsehgot cheaper relative to other
products. So there are two obvious candidate explanatiansubstitution effect towards
energy-intensive goods driven by changes in relative prie@d an income effect, which
would apply if energy-intensive goods are luxury goods,disproportionately favoured by
high-income households.

A natural first question is to ask how wide are the variation®esource and energy inten-
sity across products and sectors. In Figure 2(a) we sed thatdivide consumption into two
equal parts, one energy-intensive the other not, then theefergy-intensity consumption
accounts for just under 20 percent of energy consumptio2(bhwe see the energy inten-
sity and expenditure share of different consumption catego different types of services
—of low energy-intensity—account for more than half of exgiture, while the two major
energy-intensive categories are habitation and motosp@m, and the final category (with
highest intensity but only a small expenditure share) israirsport.
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Figure 2: Cumulative energy use and energy intensity platginst cumulative expenditure when consumption
products are sorted in order of increasing energy intensit} the axes are normalized. Regarding energy
intensity, we only have data on relative intensities, andhamnalize to give an average intensity of 4 percent.

Data from Mayer and Flachmann (2011). The products—in asfigrcreasing energy intensity—are Education
services; Health services; Health services and social wOtker services; Cultural and sport services; Retall
and wholesale trade; Hotel and restaurant services; Offidesbectrical machinery; Paper and publishing; Wa-
ter transport; Auxiliary transport services; Other larahsport; Furniture, jewellery, musical instruments etc.;
Other products; Textiles and furs; Food and tobacco; Agitical products; Transport via railways; Habitation;

Chemical products, rubber, and plastic; Motor transpoirtfransport.

Given significant differences in energy-intensity acrossdpcts, shifts in consumption
patterns (also known adructural changghave the potential to drive increases in energy use.
Note that structural change may include shifts to complatelwv products, and between al-
ternative products within the same sector (such as trat)sddrere is a vast and varied body
of evidence showing the importance of structural changeifiergy demand. Direct evidence
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based on recent data is provided by Knittel (2011), as destrabove. The efficiency im-
provement demonstrated by Knittel leads to a fall in the ocbsixtra weight and power in a
new car; at the same time we see consumers choosing cargedising weight and power.
This structural change could be the result of a substitutiect (i.e. the fall in the relative
price of running a heavy and powerful car), an income effieet ficher consumers choosing
heavier and more powerful cars), or some other effect, sséhchange in preferences. For
a more extreme example consider the consumption of lighig&et and Pearson (2006) find
that per capita consumption of artificial light in the U.Kseoby a factor of 7000 between
1800 and 2000. This factor should be compared to the appeat&lynl5-fold increase in per
capita GDP over the same period; without shifts in consumngpiatterns, consumption of all
products should have risen by this factor over the period.

Another type of structural change is the shift over time talsaconsumption of products
which did not previously exist, typically accompanied byexpansion in the total variety
of products consumed. Consider for instance the transpotbis where new products in-
troduced include trains, automobiles, and passengeméir€rucially, the new products are
typically more intrinsically energy-intensive than thpiedecessors.

There is a body of research on structural change and capi¢aisity. For instance, Ace-
moglu and Guerrieri (2008) model substitution between lakznd capital with the aim of
explaining both the constant capital share and structhege. Furthermore, Boppart (2014)
models the same question with a model where the focus is csuower preferences and in-
come effects as the economy grows. Furthermore, there igadanount of research on what
has been dubbed the ‘environmental Kuznets hypothesigrevthe idea is that increasing
income leads first to an increase in polluting emissionsshhsequently a decrease (see for
instance Dinda 2004 for a survey). However, the explanaaoiy predictive power of this
work has been questioned, since it tends to build on ecommnestimations not backed up
by structural models of the driving forces behind the trends

Preferences, labour supply, and growtfiwo areas which are ignored in the economic analy-
ses of long-run resource and energy use cited above areauongrowth and labour supply.
That is, both are treated as exogenous, with long-run grdvitien by exogenous technolog-
ical change, and labour supply depending only on exogenopisigtion growth.

Growth is a function of investment, which is linked to houslels’ trade-off between
consumption today and consumption tomorrow. If househatdspatient—and hence very
willing to make sacrifices today to gain future rewards—themstment tends to be higher,
and thus also the growth rate. The effect of higher growtteddp of course on the conse-
quent changes in resource efficiency in production, anduroption patterns.

Labour supply per capita is also in reality a variable thatloaaffected by policy choices.
The norm in the economic literature is to assume that labenats to baundersuppliedn a
regulated market economy compared to what would be soaaliynal, primarily because
of the need to impose taxes on labour income which reducentteniive to work; see for
instance Keane (2011). (The reason that taxes are imposéaaarse in order to provide
public goods such as law and order and national defence, laasve-in many countries—
health care, education, and social security.) Howevernhancstrand of research suggests
that labour may in fact beversupplied due to consumption externalities. The idea here is
that household utility depends not just on own consumption,also that it is a decreasing
function of the consumption of others. The utility that amiaiggets from a fixed quantity of
consumption therefore varies over time if the consumptemels of other agents vary. One
of the first papers in this field is Boskin and Sheshinski (J9W#i0 investigate an economy
in which agents’ preferences are such that an agent’syutiipends not just on her income
level, but also on her inconrelative to the other agents in the econorttye higher is relative
income, the higher is utility. This can lead agents to compégth each other in allocating
their resources to activities which raise their incomekgtinge to other activities which do
not. For instance, in Aronsson and Johansson-Stenman)(2g&8ts may allocate their time
to paid work instead of leisure to get ahead in the rat radesibue everyone does the same,



no one actually gets ahead. The result is a coordinationréaibr negative externality, and
if all agents could coordinate to work less and take moraufeishen all would enjoy higher

utility. One way to achieve such coordination is through rmeome tax redistributed lump-
sum or in the form of public goods such as education, healty ead environmental quality.

Similar effects may also apply when consumers compare theme with the income of

consumers in other countries, as shown by Aronsson and sedra$tenman (2014). Here
we have both the consumption externality and a global pgialaxl, and the conclusion is that
the existence of the consumption externality (each coumgmyts to be richer than the other
countries) makes it harder to agree on provision of the pugdid.

2.4. The effect of policy

How can policy affect consumption patterns to diminish tegative effects of Swedish
consumption on health and the environment? We tackle thastogun in two stages. First we
review recent research in Sweden, then we tackle the sanstiaquérom the perspective of
the proposed research project.

Recent research in SwedeA.good starting point in summarizing recent research in Smed
is Mont and Plepys (2008). They differentiate between thpr@aches typically taken within
different disciplines, such as economics, sociology, astipology. Their focus is on how
preferences are formed: within economics there has beknifiterest in this question in the
past, but now ideas from sociology and psychology are gaigmound within economics.
Sociological studies, according to Mont and Plepys (20f2g)s on how institutions—fam-
ily, religion, the educational system—affect consumptpatterns, whereas psychological
research focuses more on emotions and habits, and undgdititudes and motivations.

Given this research foundation, what policies have beenteda There are a range of
economic instruments, mainly but not exclusively direcatgroducers (but affected con-
sumers via the market mechanism). In addition, a range aipslregarding information—
such as eco-labels—are intended to affect consumers lglir8dte ‘information’ approach
has recently received a lot of attention, thanks partly sotibok ‘Thinking, fast and slow’
of Daniel Kahneman (2011). In particular, a popular ideéhat tiny but carefully planned
signals from the government or other agents (so-callethe$ might have significant effects
on consumer choices. However, there remains a lot of urierizbout how much is actually
achieved through such measures.

One area is—according to Mont and Plepys (2008)—notabla Ik of policy action,
and that is government strategies to challenge the assumiptt society benefits when the
government’s primary aim is for material economic growthg @ahat this is supported by a
materialistic consumer culture. Ideas around alternatoeetal goals based around ideas
such assufficiencyremain at best marginal in policy discussions.

We now turn to two very recent reports, Hennlock et al. (2048l Larsson (2015).
Hennlock et al. evaluate policy instruments which are diyeapplied to consumers, and
which have an environmental goal or perspective. Furthegntbey report on existing eval-
uations, so where these are lacking they are unable to commfike authors thus point out
that many policies which do have effects on consumption-aiting general taxes such as
VAT and income tax—fall outside their remit. Of those whitkey study they find that con-
gestion charges, carbon-dioxide-differentiated vehke and the green car rebate have had
clear and significant effects on consumption patterns.cEffef other measures—such as in
the housing and food sectors—are smaller and harder to dgrat They call for an inclu-
sive approach to the analysis of economic instruments whathdes instruments directed to
producers and retailers as well as consumers.

Larsson (2015) investigates alternative scenarios ford&lieemissions of greenhouse
gases, arguing that ‘radical changes are needed regamhdgtransport, food, aviation and
the global energy system (p.10). Regarding food they atgateat lot could be achieved by a
change in people’s diets (away from meat), and for air trartgdhey show that eco-efficiency
improvements are unlikely to be sufficient to meet long-rlimate goals, if consumption
continues to grow as predicted.



The approach of the proposed projedt/e know that structural shifts towards energy and
resource-intensive goods have occurred, and have beertanpin driving increases in
energy and resource consumption despite increases ingharce-efficiency of individual
products. These facts suggest that structural changeadiletty to be important in the fu-
ture, and hence if we want to manage future outcomes we ndezldble to understand and
predict these processes.

Nevertheless, theories learned in first-year economicgesighat we do not need to
distinguish between production and consumption, evenédrptisence of structural change.
The argument has two parts. Firstly, it is a standard rebalt given a competitive market
a tax has the same effect whether it is applied to the procafcergood or the consumer at
the point of sale; the same applies to an environment&igoviantax. Secondly, we know
that if a market is perfect with the exception of the existeatan environmental externality,
and where emissions are measurable and the damages caaigedeaendent of the timing
or location of the emission, then the best instrument is biag prices emissions, such as
a Pigovian tax. The reason is that the market then deterntieeallocation of abatement
measures, resulting in any given level of abatement beihgpaged at minimum cost. Putting
these two parts together we conclude that emissions sheufatibed at marginal external
cost, irrespective of the nature of (for instance) houskpotferences.

However, first-year economics is not the same as cutting-edgearch, and in reality
we know that the above analysis does not hold, for at leastréasons: firstly, even when
there is only one market failure it may not be feasible to@ttrit by pricing emissions, and
given second-best strategies such as research subsidiesséential to model both production
and consumption; and secondly there are typically multipdeket failures requiring multiple
regulatory instruments, and some of these failures mayrbett)i related to household (rather
than firm) decision-making.

The above analysis leads us naturally to the conclusionvibateed ageneral equilib-
rium analysis of the economy in order to properly investigateetffects of policy measures,
that is an analysis which includes knock-on effects of amipelicy measure throughout
the economy. A good illustration of this is if we consider tiebound effectwhich is the
reduction in gains from a technology that increases theiefidy of resource use, because
of general-equilibrium effects. Assume for instance thit--some economy—air transport
uses 100 GJ of energy per year, and that a policy to subsidsaarch yields an increase in
the efficiency of aircraft engines by 10 percent. Does tatargy use in the economy fall
by 10 GJ? Almost certainly not, for several reasons. Thedorhtal reason is that the fuel
saving makes the provision of the total sum of goods and&esvh the economy cheaper, so
there are inputs (labour and capital) left over which candatid to other forms of produc-
tion and subsequent consumption. Furthermore, relatieepand incomes also change, so
consumption patterns may also change as a result of theeefficincrease. The evidence for
rebound effects is reviewed by Sorrell (2007), who finds they are significant but generally
much less than 100 percent, implying that increases in gradffigiency of specific products
do lead to large reductions in energy use associated witbucoption of those products. A
key reason for this is that the substitutability betweerrgyvintensive and other products is
far from perfect, just as intuition would suggést.

Another example of the need for a general-equilibrium agginccomes when we consider
ideas connected to green consumerism. Consider for irssthrddea that consumers should
be persuaded—perhaps through nudges—to switch to ordiginicaduced food, based on
the idea that organic production leads to lower emissionmbfitants per unit of land. This
may be true, but on the other hand we know that it also yieldgtgroduction of food per
unit of land, and if we assume that the quantity of food puselais unchanged then more
organic production definitely means more cultivated lamd, iamay also mean a higher total
quantity of pollutants. But it does not stop here: organiedpiction presumably involves

SFor the first analysis of rebound see Jevons (1865), and fathanuseful presentation see Binswanger
(2001).



greater inputs of labour per unit of produced food, and glttabour supply in the economy
is fixed then this implies that labour shifts from the nomyasector into the farm sector,
which reduces polluting emissions in other sectors! Findlle idea that total labour supply
may also vary as a function of policies or nudges from the gowent further underlines the
need for general-equilibrium analysis.

Finally, the presence of international trade also leadsaa@bnclusion that national policy
cannot solely be applied to producers, if we also accept i@ sifaesponsibility for what we
consume. Since approximately 50 percent of what we consanaveden is imported (in
value terms), policies tackling the energy- and resouffieiency of producers will only
tackle half of the overall problem.

3. Theory and method

I now explain in detail the planned research within the proj&ecall that there are three
overall research objectives, the first two of which relatednsumption patterns, the third to
labour supply. | now discuss these in turn.

3.1. A macroeconomic model of past and future consumptitinrpa

The first objective is to build a macroeconomic, generailggium model of the econ-
omy to help us understand historical patterns of primarygnase, and to predict the effects
of policy measures. This will build on preliminary work whics already well advanced; see
for instance Hart (2015).

Preliminary results

The key to the work is a macroeconomic framework which ena@sses expanding va-
riety of products, variation in the energy-intensity of guots, and substitution and income
effects on the consumption side. The end result should bedglhsapable of explaining his-
torical data and making predictions about the future, idicig the effect of different policy
measures.

In preliminary work, partly described above, we show thatctied technological change
—leading to slow growth in energy-augmenting knowledge-resresponsible for the fail-
ure of the energy share to decline despite the long-runrdeati the price of energy relative
to labour. Our second claim is that this shows that a shifoimsamption patterns over time
towards goods of high energy intensity must be an important gf the explanation. We
propose a novel model in which the switch consists not jushafeasing consumption of
existing energy-intensive goods, but also the productimha@nsumption of completely new
such goods. The switch is driven by a combination of incontesarbstitution effects.

In the model we assume that there exists an infinite continofipossible goods—in-
dexed byi—which are made in a Leontief production function using latloand resources
r, each with associated productiviti@sandA;:

yi = min{Aiili, Ariri}.

Now assume that labour productiviy; = A, i.e. it is equal across all the goods. However,
energy productivityAy; is a declining function of, A;/i. And thatA andA, evolve exoge-
nously. This amounts to assuming that we have a range of gooids differ in the amount
of energy needed to make them, with the most basic goed)} needing only labour.

Now be set up a utility function which implies that consumgirafer to consume a range
of goods, but are not bound to consume positive quantitiescti goody is a constant factor
which ensures that no good is essential even though the gmed®mplements:
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So goods with high are more energy-intensive, more expensive, and hence roeasin
smaller quantities or not at all.

For a given energy price and technology levels we can soigentbbdel to show which
goods are made, and in what quantities. Furthermore, weatdmate to model so that when
we letA;, A, andw; /w; change over time to reflect actual historical trends, theghpebdicts
rates of energy consumption which match observations.

In the model economy, policy-induced rises in the price argy will reduce energy con-
sumption, as will policy-induced increases in the growtie ief energy-augmenting knowl-
edge. However, technology policy is more effective if it dendirected towards goods which
lie towards the lower end of the distribution of energy iidities. The reason is that an in-
crease in the energy-efficiency of such goods causes the& fr decline (albeit weakly),
inducing consumers to substitute towards consumption efelgoods. The resulting drop
in consumption of energy-intensive goods leads to a ‘reveebound’ effect: an increase in
energy-augmenting knowledge in production of goodli, by a factorx leads to a reduction
of total energy consumptioR by morethanR; (1 — 1/x). On the other hand, somewhat para-
doxically, increases in the energy-efficiency of the mogtrgy-intensive goods (such as air
transport) are much more likely to lead to rebound or everkfirac i.e. an increase in total
energy consumption. Because these goods are assumed totlhe acusp of affordability,
their price elasticity of demand is extremely high.

The model predicts that if the energy price tracks the wagiedarfiuture, this will brake the
growth in energy consumption but not stop it. Such an ineréaw/, could be cancelled out
if energy efficiencyA; stops rising. This is bound to happen in some sectors, suihéiiag
and motive power, where the laws of physics impose stricitdiman what is achievable,
limits which we are already approaching. This points to teechfor new models of directed
technological change which base the innovation posséslfrontier on evidence rather than
assumptiondf. Hart (2013) and Nordhaus (1973)). In the most pessimistaaio—with
long-run growth but a slowdown in growth of energy efficierethe model would predict
that the relatively stable global energy consumption sib@@4 may be only a temporary
phenomenon, with consumption set to rise again in the future

The model includes both price and income effects in the egtian of consumption
trends, and the two effects have roughly equal weight. Thst myatimistic scenario is that
the model underestimates the role of income effects in @xiptthe historical data, and that
energy-intensive products are luxury goods at low and reidatomes, but inferior goods at
high incomes.

Planned research

The first part of the planned research is to continue devedopiof the preliminary model
described above, in three directions: firstly, to compleie publish the draft paper, where the
main aim is to address the existing literature regardingetiog) long-run energy demand,
such as Atkeson and Kehoe (1999) and Smulders and de No0B)2d his paper will be
submitted to a mainstream economics journal such adadienal of Economic Dynamics and
Control.

The second direction in which the preliminary model will béemded is in a paper di-
rectly addressing the rebound effect and the reboundtliteraThere is a severe lack of re-
search investigating rebound effects in a fully developeegal-equilibrium context. Recall
that evidence for rebound effects is reviewed by SorreD{@0who finds that they are signif-
icant but generally much less than 100 percent, implying itteeases in energy efficiency
of specific products do lead to large reductions in energyagseciated with consumption of
those products. A key reason for this is that the substillittabetween energy-intensive and
other products is far from perfect, just as intuition wouldigest. This evidence suggests that
rebound alone cannot explain the shift towards consummti@nergy-intensive goods, im-
plying that income effects (driven by rising labour prodvity) must also have a part to play.
Although microeconomic studies of rebound abound, thewe lumly been a few attempts
to build macroeconomic models in the literature: see fotaimse Saunders (1992, 2000).
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In some of the empirical work which attempts to account fonegal equilibrium effects
there are unexplained and paradoxical results. For instdrénnlund et al. (2007) suggest
that energy-efficiency improvements in the two most enémtgrsive sectors (transport and
heating) lead to only small substitution effects towardsstonption in these sectors. Nev-
ertheless, the overall rebound effect is so powerful thatwetaally observe backfire, i.e. an
increase in total energy use. This result is paradoxicalesihe only way to obtain backfire
should be through a very large shift in consumption pattéwore low-energy to high-energy
sectors, but this shift is explicitly stated to be small byaRmlund et al..

The preliminary work described above shows that rebounectffof increased energy
efficiency of given products are equally likely to be negatas they are to be positive: when
products of lower-than-average energy intensity becomeeranergy efficient, substitution
towards these products causes an additional reductionerggmse compared to the base-
line. On the other hand, when products are both very enetgysive and on the cusp of
affordability (consider supersonic passenger flight, acsgourism) then increases in energy
efficiency may have very large positive rebound effects,posverful backfire, as consump-
tion moves towards these products from less energy-inermdiernatives.

Another area crying out for a thorough macroeconomic arslgghe rebound effect of
changes in preferences. Here the work of Grabs (2015)—basedMaster’s thesis super-
vised by the application—is relevant. As in Brannlund et thle re-spend of money saved
through the change is crucial. A switch to low-carbon congtion within a given sector is
typically also a switch taheaperconsumption within that sector, and it is crucial to investi
gate what the consumer does with the money ‘left over’. § iei-spent on high-energy goods
we may have backfire; on the other hand, if the consumer chdoseeduce labour supply
(and hence income) then the positive effect of the changedmbiguous.

The third direction in which the model will be extended is toprove and deepen the
analysis. The model should be improved both on the produetiad the consumption sides.
On the production side, the production function should beegaized, for instance to include
capital as well as labour and energy. This could have a veppitant effect given that
capital and energy inputs are often strongly complement@ny the consumption side the
model should be generalized to allow for a range of consumighsdifferent incomes. Here
the theoretical work by Boppart (2014) will be adapted to d@nalysis of energy; Boppart
develops a general-equilibrium model with non-Gormanegregices (i.e. where differences
between consumers have an important effect on consumpaitberps) to explain patterns in
the shares of capital and labour over time. Furthermorelteefom the second part of the
overall project (described below) will be used to paranieteaind test the model. The goal is
to develop a model which can explain and predict demandrpatten a country-by-country
basis, thus testing (for instance) the idea that the leagtiogomies are in the early phases of a
de-industrialization process that will lead to lower dech&r energy- and resource-intensive
products.

Boppart (2014) assumes, on the consumption side, PIGLrprefes over labour- and
capital-intensive goods. In the planned research we waddrae the same preferences over
labour- and energy-intensive goods, as follows:

Ui(0) = [ expi—(p — miV (L), Pe(t) X (0)ek,

whereP represents priceis expenditure, and is an indirect utility function, which has the
following form:
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where 0< € < y< 1, andv > 0. Then it follows (after some work) that

wherey indicates the share. SQ +x|i_ = 1. Given that is positive, equation 1 implies that
the share of labour-intensive goods is declining in the edpare level, which is what we
observe in the data. Taking logs we have

log XL (t) = b(t) — elogx(t).

So given data on shares for different deciles, and in diffieyears, we can estimate Note
thatb(t) is then treated as a time-dependent intercept.

If we have aggregate data on prices and expenditure thennesegequation 1 to estimate
the following equation:

log x.(t) =logv + &(logP&(t) —logX(t) +logL(t)) + y(logR (t) — logP&(t)),

thus obtaining estimates for bothandy. If we prefer our previous estimate ferthen we
can take that as given and use the new data to estijnégeren €). We have thus fully
characterized the model of consumer preferences, and @thaesmodel to explain past
observations and make predictions about future trendshgiNféerent scenarios for future
growth and relative prices.

The initial idea is to focus on the car sector—on which we cataio household con-
sumption data from SCB—and take it as representative fomhae. In further work we
would include further sectors. In the car sector we woulddata on the following:

e Average fuel price by year, denotéy;
e Total fuel quantity by year, denotegk;
e Total distance travelled by year, denofed

If we can also construct data on the average power outputeo€dh fleetH, then we can
construct a measure of transport services. This could ba$tenceD x H. The price of
transport services would then be

and the share of these services would be

PEQE /Y.

However, we want transport services to be representativaifenergy-intensive services. So
we scale up by a fixed factd, and choosé to match the SCB data for 2012; call the energy
share in 201Z.

Xe = OF=Qr /Y.

The share of labouy, is of course 1- xg. For the price of labour servicdd we simply
use the fact that average prices are constant. Assume &t li@sideich a proportionZ of
expenditure goes to energy services, andZlto labour services. Then, given real prices
(zero inflation), the cost of the basket must be constant. So

PeZ+R(1-2)

is constant. So if for instand®& increases bypercent, thef must decrease B2 /[R (1— 2)]-
i percent.
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3.2. Microeconomic studies of rebound effects

The second research objective is to perform microeconamities to understand patterns
of demand for individual goods, and link the results to themaconomic model.

Preliminary work. Preliminary work in this area consists of two Master’s tisetf&t | have
supervised, Grabs (2014) and Leander (2015), where theefohass also led to a journal
publication, Grabs (2015). Grabs (2015) shows that a changeeferences such that con-
sumers switched to vegetarian diets would, ceteris parieasl to positive savings both in
the energy use and the greenhouse gas emissions linkeddortiemption behaviour of an
average Swedish consumer. However, the vegetarian didtiveeucheaper, and the econo-
metric results suggest that re-spend of money saved wonldsalexactly negate the effects
on energy consumption. In the light of the preliminary wodsdribed above, this is not a
surprising conclusion; since food production is of rougalerage energy-intensity, if con-
sumers spend less on food then the goods bought insteadevall pproximately the same
energy-intensity. However, this work shows that it is imtpat to distinguish between energy
and greenhouse emissions; since agriculture leads todanggsions of greenhouse gases of
non-fossil origin, there is a benefit here that is not negttealigh rebound.

Leander (2015) investigates the extent to which the cosa# tfansport are internalized,
and what the significance is in terms of overall demand pattand environmental damages.
As part of the study she estimates the price- and incomdigtpf demand for air travel.
There is remarkably little research on this question. Asudised by Leander, many of the
studies that do exist rely on time-series data on the agtgegentity of air travel, average
air fares, and aggregate income. This is a highly probleregiproach, since price and in-
come are typically correlated with a time trend, i.e. we hanaticollinearity. Leander bases
her estimation on household expenditure data for diffeiredme groups. This allows her
to directly estimate income elasticity, without the confding influence of variations over
time in variables other than income. Having found incometadily, she can then estimate
price elasticity as a residual. Leander finds that the incetasticity of demand is around
2, whereas the price elasticity is aroun@. Both elasticities are significantly higher than is
typically found in the literature; if confirmed in the profdatis would suggest that the need
to manage air travel through price-based instruments i m@ent than has previously been
thought.

Planned researchThe initial research plan is to repeat the analysis of Leaf@i@l5) on
the income- and price-elasticity of demand for air travat] o apply the results to a deeper
analysis of policy options within the air transport sectone problem with Leander (2015)
is that the data we obtained were organized into deciléadnyme whereas they should have
been organized according éapenditure Expenditure gives a better measure of the long-run
income of the household than does short-run income; foaits, a student soon to graduate
and expecting to earn a high income in the near future may loawveurrent income, but a
current expenditure pattern reflecting her high expectednire in the future. By rerunning
the study using data based on expenditure deciles we expettdin better results (in the
sense of higher statistical significance) and may well afsbdiven higher demand elasticities.
A further improvement will be to analyse the data using maghssticated econometric
methods not appropriate within the scope of a Master’s shesi

Further work is planned to extend to same approach to thg stusther sectors, includ-
ing other forms of transport, and housing, on which data&slable from SCB. It would also
be very interesting if we could obtain household data froheptountries, allowing us to
broaden the analysis further. Furthermore, we hope to liekesults to the macroeconomic
modelling described above, allowing us to build up a betietupe of how consumption pat-
terns are determined as a function of incomes, relativeepriand (ideally) country-specific
factors.
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3.3. Optimal labour supply

The third research objective is to investigate the impaeast consumption externalities
in determining optimal labour supply, and again to derivicgaconclusions.

Prescott (2004) analyses labour supply and tax policy irdReountries. How shows
that labour supply per capita in the US rose dramaticallyvben the 1970s and the 1990s
relative to the other countries: in the '70s it was comparablEuropean members of the G7,
whereas by the '90s it had almost caught up with Japan andneas@50 percent higher than
France and ltaly. He attributes this change largely to tdicypoPrescott (2004) also shows
that—over the same time period—Ilabour productivity cogeel i.e. the lead enjoyed by the
US diminished; indeed France actually overtook the US, @Gegntaught up fully, and also
Italy, the UK and Japan took major strides forward.

Given the research on consumption externalities citedef@myg. Aronsson and Johansson-
Stenman, 2013, 2014), the question then arises of whichtigesimare moving in an optimal
direction, the US or France and Italy? The goal is then to findto what extent observed
differences in labour supply, income distribution, anctesi can account for differences in
environmental burden between US and Europe. And to the e#ttahthey cannot, what
other factors are at play, e.g. sociological and cultunagjemgraphical? And finally, what are
the consequences for economic policy?

This part of the project is the most ambitious and long-tesimge it is founded on the
understanding of the macroeconomics of consumption pattieuilt up in the earlier parts
of the project, while also including insights from the laéure on consumption externalities,
such as the papers cited above. Hypotheses we will invéstigalude the idea that high
income inequality leads to high energy demand, if the vealy sipend disproportionately on
energy-intensive goods. And the idea that high labour sulgaids to high energy demand
per unit of GDP, since it gives a high GDP per capita even givegiatively low level of input
productivity. And high GDP leads to the choice of energirdive consumption categories,
while low energy productivity leads to high energy consuomptcross the board.

Finally, a very promising future line of research is to stutlg effect of past relative
consumption in shaping current preferences. If a countigh sis the US, has long had higher
GDP per capita than its neighbours due to superior techgolaigat happens if and when the
neighbours start to catch up? If the US has a preference tagdadts income advantage, one
response would be to raise labour supply and cut provisigoubfic goods. Could this be
part of the explanation for the developments of the last 4hs/2 And if so, does this story
contain policy lessons relevant to Europe, and Sweden ticpkr?

4. Practical relevance

The research project is directly relevant to the goals ofrélsearch call, i.e. to provide
proposals for effective policy instruments and measuratsléad to reduced environmental
and health effects, both in Sweden and elsewhere. The maus faf the project is on linking
production and consumption to energy and fossil-fuel comgion, and hence to carbon
emissions.

The exact significance of the project depends on the resudtgever we can of course
sketch the possible effects of the three parts of the projBecall that the first objective
is to build a macroeconomic, general-equilibrium modelh& €conomy to help us under-
stand historical patterns of primary energy use, and toigréte effects of policy measures.
This framework will be based on advanced theoretical modglbut it will also lead to con-
crete and easily understood results which help us to uradetstow different aspects of the
economy—including decisions about consumption and primluctechnological progress,
and energy use—are linked, and thus to help us understanolvéneall effects of specific
policy measures. Preliminary results suggest that measuh increase the efficiency of
low-energy consumption alternatives should be especfallgured as they should lead to
‘reverse-rebound’; as their price falls, consumers switetards them, and thus away from
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more energy-intensive alternatives. On the other hand,hwald beware of supporting ef-
ficiency improvements in energy-intensive consumptioegaties which are currently only
affordable to the richest; reductions in price of such gomdy lead to substantial backfire
effects.

Very generally, the preliminary results show that it is imtpat to be explicit about labour
supply, and that the natural assumption is that if policesat affect the incentives to supply
labour then it should be treated as either fixed or exogenifuabour supply is fixed then
it determines the overall scale of productive effort in tloeremy, and the key ‘currency’
to compare consumption goods in climate analysis shouldaldson emissionger unit of
labour inputor (allowing the labour inputs embodied in capital) carbamssions per SEK
spent. So if a consumer switches from eating beef to caraots beef costs 10 times more
than carrots for a day’s food intake, then to assess the w@igwins we need to look at the
re-spend. Fundamentally, beef costs more because mots widabour, capital and land are
put into producing a day’s worth of beef than a day’s worthafats. So then we must know
what the resources freed up by the switch to carrots are osed f

The second objective of the project is to perform microeaainostudies to understand
patterns of demand for individual goods, and link the restdtthe macroeconomic model.
So here we aim to produce concrete results showing the lig#dcts of specific policies,
such as policies to raise the cost of air travel, or policféecting the costs of car transport.
Here we will build on existing studies, and use the insightsnf our own macroeconomic
modelling to strengthen the analysis and produce more @imphd credible results.

The third research objective is to investigate the impaeasf consumption externalities
in determining optimal labour supply, and again to deriviicgazonclusions. It is widely be-
lieved that the European socioeconomic model—with redéitiigh taxes and a high degree
of provision of services by the state—Ileads to lower labayopsy. This is typically seen
as a bad thing, but in the project we will investigate the mixte which this may be a good
thing, contributing both to higher welfare due to increakssure (which is otherwise under-
consumed due to the consumption externality), and to higiedfiare due to lower polluting
emissions and a greater provision of public goods. Depgnalinthe results, and the quality
of the analysis, there is a small chance that this researghhange a very radical effect on
the attitude to taxation in general and economic instrumfartenvironmental protection in
particular. In a sense, the hypothesis turns the ‘doubligleldd’ argument on its head; there
may be a double dividend from environmental taxes becawsehtbth reduce labour supply
and lead to increased provision of public godds!

5. Organization

The research work in the project will be led by Rob Hart at thee@sh University of
Agricultural Sciences. Furthermore, one doctoral studghtbe employed on the project
from August 2016 to the end of the project period. Hart wilakooperate with a large
external network of researchers—as detailed below—catipar which may well lead to
joint work. However, funding is not sought for these extéoumntacts.

6. External networks

Hart is involved in a range of external networks relevantim pproject. Closest to home
is the team at the Institute for International Economicgitsiled by John Hassler and Per
Krusell. As well as visits for seminars and research disouss Hart attended the IIES
conference on Climate and the Economy in September 2012thendth Nordic Summer
Symposium in Macroeconomics in August 2013. This coopamagives Hart access to their
world-leading skills in mathematical modelling and datalgisis, complementing his ability
to capture the key elements of economic systems in a redbistisimple manner.

4For an introduction to the double-dividend debate see Basnand de Mooij (1994).
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Hart also have good contact with researchers in Norwayhgtinened since his co-author
Daniel Spiro took up his post at the University of Oslo. Fipndie has excellent contact with
a number of European researchers in the field of macroecasptachnological change, and
the environment. Among other things he has over the last favsygiven invited seminars
at the Tinbergen Institute in Amsterdam, the University otilbuse in France, and Tilburg
University in the Netherlands.

A crucial part of the project will involve building up netwks within relevant authorities
and policy research centres in Sweden, in order to gain inputelevant research questions,
and also for support in identifying sources of data and odxpertise. | already have very
good contacts in several agencies, including the EPA, apd tmimprove these through this
project.

7. Publication of data

All data used and compiled during the project will be freelpitable on the internet,
except in cases where privacy rules restrict this. We do xype@ the latter caveat to apply
in practice as—even when we use household data—it will beeggted into expenditure
deciles.

8. Communication

Regarding communication, the primary aim as an academicoeaist is to publish in
widely read international journals, and thus to influendeeptesearchers and policy makers
over as broad a spectrum as possible. For results of glolesbree the ultimate aim is to
publish in very widely read and influential journals suchlasAmerican Economic Review
or field journals such as thimurnal of Environmental Economics and Management

The primary aim as a project-funded researcher is of coarserhmunicate the results
to the project stakeholders, including the Swedish EPA tvedish environmental policy
community, and the general public. | look forward to devéigpa close working relationship
with the EPA. At the start of the project | will establish cact with one of the environmental
economists at the EPA; at the moment the plan is that the coptason will be Henrik
Scharin. | will meet the contact person at least once a yeguefally more frequently, to
discuss progress on the project and future directions.hEurtore, a final seminar will be
held at the EPA, plans for which will be developed togethethwie contact person. In
connection with this seminar | will also deliver a writterpost.

In addition, the research results are likely to be of broadega interest and therefore
should also be published in debating fora within Swedenh siscnational newspapers and
websites.

9. Activity plan

The activity plan consists of reference group meetings guldrafor production and pub-
lication of five scientific papers. A doctoral student will keeruited to work on the project.
This student will only have §years within the project; the remainder will be financed from
other sources but will largely consist of carrying on worlated to the project goals.

Year 1
e Recruitment of doctoral student, appointed July 2016.

e Scientific papers.

— Rebound, directed technological change, and aggregaterdefar energySub-
mitted for publication.
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e At least one meeting with contact person at EPA, partiagpatn ‘Forskningsdagen
2016’ at the EPA.

Year 2

e Scientific papers.

— Rebound, directed technological change, and aggregatardaefor energyAc-
cepted for publication.

— Technology policy, preferences, and rebound: A generaiibgum analysis.
Submitted for publication.

— Demand elasticity for air travel, rebound, and climate golBubmitted for pub-
lication.

— Rebound effects with non-Gorman preferenc&sbmitted for publication.

e At least one meeting with contact person at EPA, particgpatn ‘Forskningsdagen
2017’ at the EPA.

Year 3

e Scientific papers.

— Technology policy, preferences, and rebound: A generaiibum analysis.
Accepted for publication.

— Demand elasticity for air travel, rebound, and climate @olAccepted for publi-
cation.

— Rebound effects with non-Gorman preferend&scepted for publication.

— Consumption externalities, environmental quality, antdroal labour supply: A
comparison of European and US poli§ubmitted for publication.

e At least one meeting with contact person at EPA, participath ‘Forskningsdagen
2018’ at the EPA, and final project seminar at the EPA, inclgdin oral presentation
and the delivery of a written report.

10. Budget

The budget is set out in Table 1 below. The total budget forpitegect is thus B34
million SEK spread over three years. Note that we only seekandor salary costs. All
other costs, including for instance conference attendafdees for submission of papers,
will be covered from the research group budget.
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