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Abstract

We build a growth model focusing exclusively on householicés, including both pollution
and consumption externalities. The consumption of stadoslg helps to motivate labour sup-
ply, and the importance of this effectincreases as prodticincreases. This accounts for two
stylized facts: firstly, although labour supply declineshwihncome at low incomes (both for
time series and cross-sectional country data, and for-@ed$onal individual data), the de-
cline levels off at high incomes; and secondly, that expemelitends to shift towards energy-
and resource-intensive goods with rising income. To aehfest best—with a long-run in-
crease in leisure and decline in pollution—taxes on bottssimins and status goods should
increase with productivity. When we parameterize the mtaslatch patterns of labour sup-
ply across leading economies, the shift of taxation to stghods causes a significant drop in
labour supply, and an even larger drop in polluting emission

1. Introduction

[We are] being persuaded to spend money we don'’t have, ogsiie don't need,
to create impressions that won't last, on people we doné eaout.

The words—from a TED talk by Tindackson(2010—are part of an argument question-
ing the pursuit of consumption growth. Are we choosing utenable consumption patterns
driven by competition for status? As productivity growsy ahoice set increases. We can
choose what to consume, and algioetherto consume; there is a trade-off between consumt-
pion and leisure. When the choices of individuals impingeotrers’ utility, laissez faire
implies non-optimal allocations. Most obviously, consuimp of pollution-intensive goods
is excessive, a problem which grows in importance as pradtycgrows, asHart (2020
shows. Furthermore, we argue that consumption of goodshwgiie the buyer status is also
excessive, and that this problem grows in importance witheiasing productivity.

The key to our model is the utility function. Households memtsume a minimum quan-
tity of a subsistence good to survive, and when productigitgufficiently low this is their
sole focus, as iOhanian et al(2008. However, as productivity increases they must choose
between a standard consumption good, a status good, anckleighich are poor substitutes
(elasticity of substitution less than 1). The status gocasltia crucial features. Firstly, al-
though its consumption gives utility directly, its consuiop relative to other households
also an argument of the utility function. The second crufgature is that, followind-raja
(2009 —who argues that evolutionary selection pressure givsto a ‘conspicuous con-
sumption gene’ favouring demonstration of status throlgiwéng control over resources—
we assume that the status good is also resource-intensiveesuce also pollution-intensive.

Initially, as productivity grows, both ordinary consungptiand leisure are close to zero.
On the other hand, since we assume symmetric equilibridatjve consumption of the status
good is always equal to 1 in equilibrium. The result is thatideholds focus on raising the
former two, and not the latter, when productivity is low butrieasing; both consumption and
leisure grow whereas status consumption takes a back sgasproductivity grows further,
ordinary consumption rises without bound and thus becomeshrfarger than both leisure
(which is bounded by the number of waking hours in the day)rafadive status consumption

UThanks to the research program ‘Mistra sustainable conemp from niche to mainstream’ and to the
Swedish EPA (project Economic instruments and consumptarfinancial support. And thanks to Jorgen Larsson,
Tingmingke Lu, Jonas Nassén, Karl-Anders Stigzelius,iP&tbderholm, and Ficre Zehaie for helpful discussions,
as well as other researchers within the Mistra program, endrer participants at SLU, Uppsala.
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(which is locked at 1). Hence when productivity is high theus of households switches
to the balance between leisure and status consumptionharmlitchase of status goods be-
comes the main motivation behind labour supply. In the langthe laissez faire economy
approaches a balanced growth path with constant labouhsegponentially increasing con-
sumption of status goods, and constant (high) emissionslftipn. However, under optimal
regulation—which involves a Pigovian pollution tax and asomption tax on the status good
—labour supply approaches zero, ordinary consumption greithout bound, and pollution
approaches zero.

The paper picks up on the well-known papekafynes(1930, who argued that techno-
logical progress must render work—motivated by the sati&fa of absolute needs—Ilargely
unnecessary in the long run, but that we would continue tdkwonetheless, motivated by
competition for status. Labour supply has indeed levelfédthdhe richest countries, but at a
much higher level than that predicted Kgynes This levelling of can be seen most clearly
in Ohanian et al(2008, who focus on time-series analysis of leading economias adiow
for the effects of changing tax rates. Furthermdiek et al. (2018 present cross-sectional
within country data which also clearly shows the same effectow incomes, labour supply
declines with the hourly wage, but at high incomes therd anything, a rise in labour supply
with the wage*

The paper that comes closest to formalizing Keynes’ argtiisebhanian et al(2008.
They postulate a generalized Stone—Geary utility functiith arguments leisure and net con-
sumptionC + G — C, whereC is subsistence consumption. Thus when productivity is low
labour supply is largely determined by the need to achiegesttbsistence minimum, but as
productivity increases the subsistence minimum beconsssdad less relevant, and labour
supply decreases. When productivity is very high, the stdasste minimum is irrelevant and
the balance between labour supply and leisure depends drathece between the income
and substitution effects of increasing productivity: itincome effect dominates, labour sup-
ply will approach zero, whereas if the substitution effeatrinates then we will go back to
very long working hours as we get even richer. And if they éyazancel out (the knife-edge
condition assumed b®hanian et al(2008) then labour supply will approach an intermediate
level, and differences in long-run labour supply betweeimtdes will depend on differences
in the tax wedgé.

However,Keyness prediction of a flattening out of labour supply was not do@ knife-
edge balance between substitution and income effectsathérto a balance between leisure
and the desire for status gootigzor Keynes it is obvious that the elasticity of substitution
between leisure and consumption should be less than 1, iimgptlyat in the absence of other
factors (such as status effects) the long run must involgare increasing towards the limit
(i.e. zero labour) while consumption also increases withmund. Ohanian et ak work
contributes to the debate about the effect of taxes on langabour supply triggered by
Prescot(2004), who argued that differential trends in tax rates betwemmtries can explain
different trends in labour supply, in particular the riseU8 labour supply relative to many
European countries. The question is controversiakeseme and Rogersq2012 p.464) ex-
plain: ‘[R]esearchers who look at micro data typically estte relatively small labor supply
elasticities. But researchers who use representative agstels to study aggregate outcomes
typically employ parameterizations that imply relatividyge aggregate labor supply elastici-
ties.” We show that consumption externalities can explaéndiscrepancy.

The inclusion of consumption externalities links not justtte literature on long-run labour
supply, but also to the literature on the importance of constion externalities and the need
for taxes on status goods; see for instaRE@k(2005. One of the central results from models
in which relative consumption enters the utility functisritiat labour is oversupplied in laissez
faire compared to first best: see for instaRegssor{1995 andWendner and Gould€R009
for theory, and\Neumark and Postlewaii@998 andBowles and Par2005 for empirical

INote however that botBick et al. (2018 andBoppart and Krusel(2020 argue that the country-level data is
consistent with steadily falling labour supply with incoriéck et al.on the basis of cross-sectional data, Boppart
and Krusellusing time series. Using the same data we argue, in the netidrsethat there is a clear levelling off at
high incomes.

2Ohanian et alas allow the ratio of GDP to consumption to affect labour $ygqut since this is almost constant
over time this has little effect.

3Note that Keynes also puts forward an alternative explandtr continued labour supply, our urge ‘to strive and
not to enjoy’.



evidence that consumption externalities really do raiseuasupply* However, there is little

work linking consumption externalities to the dynamicsatidur supply in the context of a
growing economy, and in the modern macroeconomic liteeatur long-run labour supply
consumption externalities are rarely mentioned. Our daouniion in relation to this literature
is to specify, analyse and simulate a dynamic model, showotg how the importance of
consumption externalities increases with growth, and Haninclusion of such externalities
can explain observed patterns such as the levelling-ofabdur supply and the shift into
conspicuous—and resource-intensive—goods.

Finally, the paper contributes to the debate about grovthsemption patterns, and en-
vironmental policy. In addition to predicting a strictly gitve limit to long-run aggregate
labour supply, our model also predicts a shift in the contmsiof consumption towards
status goods. It is well known, at least siritegel(1857), that economic growth goes hand-
in-hand with systematic shifts in patterns of consumptiamincome increases, the share of
necessities such as food declines while luxury goods iseréieir sharé. But luxury is a
relative concept, anblatsuyamg2002 argues that as productivity improves, more goods be-
come affordable, and households expand the range of goeylsthsumeHart(2018 argues
that the ‘frontier’ goods—such as private cars in the poatperiod, passenger flight during
the last 30 years, perhaps private (or space) flight in thé 3@xtend to be more energy-
intensive than the established goods, hence there is aalbshkift in composition towards
increasingly energy-intensive goods, which counterlz@athe technique effect of increasing
energy efficiency and hence explains why aggregate endigieaty increases so slowly. For
heuristic evidence that purchase of increasing quantifiemergy-intensive and conspicuous
goods drives labour supply, consider vehicles and houdimittel (2011 andHart (2018
provide evidence of dramatic shifts to heavier and more pfuleehicles in the US, while
census bureau d&tahows that (based on the average new house and the averaphabiol)
living space per person rose from 551 to 1051 square feedaet973 and 2015, matching
GDP growth, whereas building costs per square foot werecappately constant. Some
evidence for such shifts can also be seen on the productienodithe economy, where for
instanceBrunel (2017 notes shifts in composition towards pollution-intengjaods. Could
these patterns be explained by a shift towards status goods?

Fraja (2009 argues that a link between status and the energy and resouensity of
consumption is a logical result of evolutionary selectioggsure giving rise to a ‘conspicuous
consumption gene’, since such consumption demonstratétover resources. In line with
this hypothesis, many papers show a very high degree ofguality for housing and cars; see
for instance the hypothetical choice experimentalipizar et al.(2005, and the econometric
analysis ofCharles et al(2009 which shows that households which have a particular need
to demonstrate status (because they have other obsertalidatas that signal low status)
spend more on positional goods including cars. Findllygenson et a(2017) show that at
state level in the US there is a positive correlation betwesgbhon emissions and the income
share of the top 10 percent. They argue that in unequal &gidie need to signal status is
greater (see for instand®ersson1995, and that status is signalled through consumption of
carbon-intensive goods.

The remainder of the paper is structured as follows. In 8e&iwe discuss existing data
on long-run labour supply. We present the model in Secticsolve it in the presence of an
optimal consumption tax in Sectigh and solve without a consumption tax in Sect®nin
Section6 we take the model to the data. Sectibooncludes.

2. Dataon labour supply and productivity

The aim of our data analysis is to get an approximate pictfiteeochanges over time in
labour supply per capita as labour productivity increa®eés plot both time series and cross-
sectional data, and also cross-sectional within-courgtg.th the time-series plot, Figutéa),
we plot annual hours against GDP per capita over the peri&®-18019. Since countries

4Neumark and Postlewaighow that a woman who's sister’s husband earns more tharmenasband is signifi-
cantly more likely to work herself, apparently trying to neakp the shortfall in relative income, aBdwles and Park
estimate a structural model in which consumption extetigalraise labour supply.

5SeeHouthakker(1957 for a discussion of Engel’s law.

SHistorical household tables, and 2015 Characteristicseof mousing.

“Conspicuous goods are of course not all energy- and restnteresive. According to data from FashionUnited
Business Intelligence, the fashion industry accounts fenaarkable 10 percent of the UK economy.



differ greatly in population we aggregate across our sarplget a single curve. We wish
to see if the data support our hypothesis that the patterngasawith productivity (at low
productivity the curve should be steeper than at high privtyg, hence we cannot aggregate
across countries at different stages of development; fiiereve select countries which have
been at or close to the global technology frontier throughbe period (and thus can be
assumed to have broadly comparable labour productiviii@sighout): the G?.In the cross-
sectional plot, Figuré(b), we take the data @ick et al.(2018, order the countries by labour
productivity (GDP per capita divided by hours worked peritagghen divide the countries into
population deciles. We then calculate average hours aricagiinst average productivity in
each decile, giving us (in each case) 10 points each regieg@nual populations at different
productivity levels.
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11400 11400
£7.2f © 272} ¢
§ 11300 2 § 11300 2
g < S E
c L > c
57-1 11200 ; 57-1 11200 §
£ £
\
7F 11100 F 11100
~\ A 7
v
AR
6.0l =\ 1000 6.0 11000
\ ~
1960 1980 2000 2020 0 1 2 3 4
Year In(Labour productivity)

Figure 1: Data over aggregate annual hours. (a) Time-sagi@sfor the G7. (b) Cross-sectional data for 81 countries
divided into population deciles according to productivi8ources: (a) OECD and GGDC Total Economy Database;
(b) Bick et al.(2018 and World Bank population data. Note: In (b) the US is splibas the last two deciles.

Note thatBoppart and Krusel2020 show data for hours per working-age adult, whereas
Bick et al. show data for all adults, not just working age. We plot bothpoth panels.
The plots per adult (i.e. including over-65s) show a steelgetine in hours, especially for
the richer countries where the number of over-65s incresteeply with income (and hence
also with time). However, it seems likely that a large prdioor of these extra adults are not
capable of full-time work, hence we suggest that the plotswa@king-age adult are most
relevant when analysing household choices between labwltedsure, although the ‘true’
picture is likely to lie between the two curves.

In the time-series plot we show the log of hours, so the sltyosvs the percentage drop
in hours per year. In the cross-section plot we use log—lo¢he slope shows the percentage
drop in hours for a 1 percent increase in productivity. Bdtlthe curves showing hours per
working-age adult show a clear association between higleenie and a slower rate of decline
in hours; indeed, the decline in hours slows dramaticallyighh incomes. The effect is less
marked for hours per adult, where the increase in the primpoof retirees with productivity
(and over time) pulls the curves down. Three other notatdéufes are (i) the big dip in
hours in 2008/9, caused by the financial crisis, (ii) the Higlirs in the sixth decile of the
cross-sectional data, primarily driven by the high labayppy in Russia, whose population
dominates this decile, and (iii) the high hours in the ningicitk, which is dominated by the
us.

In Figure 2 we show the relationship between wages and latpply within 16 high-
income countries. Taking data froBick et al. (2018, we focus on the richest countries
in the dataset, and all workers (including self-employedje see that the deciles with the
lowest income tend to work longer hours, whereas for the-iigpme deciles there is no

8We follow Boppart and Krusel{2020 by taking data on total population from the OECD, and onl thtaurs
worked from the GGDC Total Economy Database. We complentenpopulation data for Germany with data for
the form DDR fromhttp://www.populstat.info/Europe/germanec.htm. Furthermore, population data is
missing from 2015 but since changes are very slow over tige lperiod for which we have data, we assume constant
population over the five missing years.
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Figure 2: Hours per worker by wage deciles by country, forritieest 16 countries iBick et al’s sample. Note that
we plot log—-log, so a straight line indicates a constante&tiecline. Countries AUT, BEL, CHE, CYP, DEU, DNK,
ESP, FIN, FRA, GBR, IRL, ITA, NLD, SVN, SWE, USA.

clear relationship between wages and hours.

3. Thebaseline model

Recall that we focus exclusively on household choices. Haettof the model is therefore
the utility function of household

_ €/(e-1)
Ui = [Bcci(afl)/s+By(yi/y)(afl)/£+|i(£ 1)/5+qu(sfl)/s ' 1)

The four arguments of the function are non-essential copsomc;, consumption of status
goodsy; relative to average consumption of such gogdseisure isl;, and household's
environmental quality isj. The parametet is the elasticity of substitution between the
inputs, which is less than 1, arf#d, By, and 3y are positive parameters. For a well-defined
utility function leisure, non-essential consumption andionmental quality must be strictly
positive. Aggregate quantities are denoted without a siiisdNe assume a representative
consumer, so these are equivalent to the quantities of flresentative consumer.

The arguments of the utility function are of course linkedr Rousehold, non-essential
consumption

X —S Y
c._m|n{1_a,a}, (2)

wherex andy are the two produced goodsjs essential consumption, amde (0,1). So
G is a Leontief function of consumption of — Sandy;, and we have two constraints, <
(x—9)/(1—a) andc; <y;/a. The first of these will always bind, but the second may not
sincey is in demand for status as well as the intrinsic utility ofdemsumption. Hence

G=(—-9/(1—a) and yi/a=>g¢ 3)

are necessary conditions for an optimal allocation of hbakkresources.
Total time allocation is 1, so labour (which is non-negdtiséy; = 1—I;. Given exogenous
productivityA the aggregate resource constraint is

Xx+y=Ah

so the unit production costs of batrandy are normalized to 1 (without loss of generality).
Returning to the necessary conditiols (ve can now see that when the restriction binds, unit
production costs of are 1, and the share gin these costs iq.

Production ofk does not lead to any pollution flows, whereas productiopiefpolluting,
and pollution flowp reduces environmental quality The pollution flow depends on produc-
tion and an efficiency parametéy, and the effect omj depends on the positive parameter

W:
p=Yy/Ap
q=1-yp.



A regulator may impose an emissions taper unit of polluting emissions, and a consumption
tax g per unit of the conspicuous goggdand define the optimal levels of these taxésnd
o*, wheret* is denoted a Pigovian tax. In addition, the regulator carosem an income tax
w, to generate revenue to finance public services (modelléghgs-sum transfers). Finally,
we definew;:

We =14+at/Ap,

with a corresponding definition for;. Thus householdls total expenditure ox andy is
X+ (14 1/Ap+ 0)yi. Furthermore, the household may buy environmental quafipricewy
through trade with other households (we can think of richdetwlds paying to live in areas
with high environmental quality), given an initial endownte q whereg is the household’s
initial share. Hence househdld resource constraint is

Al—1)(1-w)=x+ (1+A—+o) Yi +Wq(gi — &Q) —

whereL represents lump-sum transfers from the regulator to thésentative) household.

The model is essentially static: there are no endogenoigs\stdables. However, we are
interested in the dynamics of the solution over time—andiyreamics of the optimal policy
instruments—as the productivity factors grow. We assurate th

A/A=Ap/Ap =g,

hence the two productivity factors grow at equal rates. Harmore, we consider a market
economy starting in yedr= 0 when productivity is marginally above the minimum surviva
level A=s.

In the next two sections we focus on an economy with no neeg@dbtfic funds, hence
the optimal labour taxv is zero, while a Pigovian emissions tax and a ‘consumptiahda
the status goog are needed to achieve first best. In the following two Lemmadind the
optimal levels of these taxes.

Lemma 1. When y= ac thePigovian taxis given by

= 4
(l__w)l/g " 4)
c A
B (1 ay 1/e
and W= B‘*(° A)e . 5)
B_<;,_w)
By \ C A
And when y> ac we have
i Bq( c >l/£
"=¢—|—-+— . 6
wﬁc 1-yy/Ap ©

Proof. The Pigovian taxt, applied per unit of emissions, is by definition equal to thenex
tary value of marginal damages. Whgga- ac we can take equatiori) and setr equal to the
social cost of the marginal increase dn(price w¢) that would compensate for a marginal
increase inp, i.e. T = (1+at/Ap)(—dui/dpi)/(dui/dc) (noting thatq is a function of
pi). And wheny > ac we can substitute; = (x; — S)/(1— a) into equation 1), thent =
(—dui/dpi)/(dui/d%); note that the price of the inputis simply 1. O

Lemma 2. Theoptimal consumption tais given by

0 = (L/a+1/Ap)(x/y) /e,

Proof. When the optimal consumption tax applies thes ac, hence we can take equation
(1) and findo = (1+ at/Ap)(—0ui/dy)/(dui/dc). O



4. Solution with a consumption tax o

To solve the model we set up Lagrangians and take first-omtatittons. As long as we
focus on symmetric equilibria there will be no trade in thgimnmental good, hence we can
simplify slightly by dropping such trade. And we can simyplftirther using the following
Lemma.

Lemma 3. Inthe presence of an optimal consumption ¢geixhousehold i's problem is identi-
cal to the problem facing a household which gains no utifiyf relative consumption. Hence
we can solve the household’s problem by setting up and gptiim simpler problem without
relative consumption.

Proof. Follows since the optimal tax fully corrects the consumpgaternality. O

So in the presence of the consumption tax we can focus punelyeotrade-off betweeqy
andl;, and write householids Lagrangian as follows:

_ _ €/(e-1) _
= [Bccfe D/ey e 1)/5} - [Aa(lli)(lw)s <1+ %) ci+L] .
p

FOCs yield Propositiod.

Proposition 1. Under anoptimal consumption taw*, when productivity is sufficiently low
increasing productivity leads to a monotonic rise in nosesgial consumption, leisure, and
pollution—starting from a lower limit of zero when prodwty is at the minimum level nec-
essary for survival—driven by the decreasing salience®stibsistence minimum. However,
the long-run growth path depends on whether 1, = 1, and> 1. The limiting growth rate of

¢ (as A— =) is equal tomin{eg, g}, so consumption always grows without bound. However,
the behaviour of the other variables in the limit differsfretthree cases:

(i) Whene < 1, {h/h}im = {p/P}im = —(1— €)gand |- 1;
(i) Whene =1,1 —w¢/(Wg+ Be), h— Be/(We + Be), and p— a(A/Ap)Be/(We + Be);
(i) Whene > 1, {I/1}im = —(6 —1)g, h— 1, and p— aA/Ap,

wherey; = B:(1— w), and the subscriptim’ indicates the limiting value as A> c. Soin (i)
labour and pollution approach zero, and leisure approactesipper limit; in (ii) h, | and p
all approach strictly positive limits, with the balance tveten labour and leisure determined
by the parametep.; and in (iii) labour and pollution approach zero, and leisuapproaches
its upper limit. Finally, note that if we shift from= 0 to T = 7* the limiting growth rates
are all identical, but labour supply, consumption, and ptbn are all lower—at all times—
given the Pigovian tax.

Proof. Take FOCs iflj andc; and eliminatgy; to yield, for the representative household,

/e = (We/A)*/[Be(1— w)). (7)

And given the aggregate resource constraint,

A(l—1)=5%+c, (8)
—§) (%)
we have ___A-9& )W z 9)
CBE(l-w) E+A(E)
and _ _(AZ9F(- W) - (10)
BE(1—w)E+A(E)
The results then follow straightforwardly, using in adolitiequationg and5.° O

9To prove (i), assume first thatis not increasing despig> 0. Then from the proof of Lemma 1 andw, must
be declining. Therefore (froh0) ¢ must be increasing, a contradiction. Smust rise monotonically. Now note
thatwg/A is declining (from Lemma), so equation9) shows that is increasing. Turning to (ii), this follows by
construction: production of is pollution-free, but this is not so for. Part (iii) can be shown by letting andA,
approach infinity in equationslQ) and @) to show thatw; approaches a limit. The limiting growth rates ®&nd
| then follow straightforwardly fromq) and (L0); note thatc/A® — 1/[wgy!X~#)]. For the growth rates di andp
note that in the limit there is no structural changgh is —g plus the growth rate of, andp/p = h/h. Finally, under
Pigovian taxatiorw; > 1 for any strictly positive consumption rate



The results are illustrated in Figur8s4, and5. In Figure3 we see how average labour
hours per capita change with increasing productivity, ioheaf the three cases K 1, =1,
and> 1); note the initial decline in each case, and the differengtrun limits; note also the
effect of the Pigovian tax. In Figu¢we see how consumption of the non-essential good
changes over time in each case: we use a log scale to showishaygwth rates clearl?
Note the initial rapid growth, which stabilizes afj whenA is high; note the level effects
of the different choices of, and the effect of the Pigovian emissions tax. The growth rat
of pollution is equal to the growth rate of production mirgyshence where < 1 pollution
approaches zero, but wher»> 1 it approaches a strictly positive limit, as we see in Figure

Crucially, Propositionil shows that at low productivities the pattern of labour sypgl
dominated by the diminishing salience of the subsistencgmum, causing labour hours to
fall as productivity increases. But at high productivitlebour supply is determined bs;
the elasticity of substitution between consumption ansblied: if this elasticity is less than 1,
increasing productivity leads to increases in both consiompand leisure, and labour supply
approaches zero. If on the other hand it is greater than lléisure is willingly sacrificed
for consumption at high productivities, and leisure apphas zero. Finally, in the knife-edge
case ofe = 1, both labour and leisure approach strictly positive lgwithich are determined
by preferences and the rate of income taxationThese three cases are illustrated in Figure
3_11

S 1 1
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Figure 3: Simulations of the increase in average hours witidlyctivity. Whene < 1, hours approach zero; when
€ > 1 they approach the upper limit (leisure approaches zemo)wdene = 1 we have the knife-edge case.
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Figure 4: Simulations of the increase in non-essential wopsion ¢ with productivity. In all cases, logincreases
from the limit of —co at the minimum level of productivity, and then approachesmstant growth rate ofg when
€ <1,andgwhene > 1.

In Figures4 and5 we see non-essential consumption and pollution. Consomgtn-
not grow faster thaug in the long run; wherg < 1 then the long-run decline in labour hours
(approaching zero) pulls down the long-run growth rate afstomption: both leisure and
consumption grow in the limit. And when consumption growsrenslowly than productiv-
ity, polluting emissions decline. Note that in all cases aleitional effect of the Pigovian
emissions tax is modest. The fundamental reason is thatthean only affect emissions
by pushing down labour supply: households are already eoimgpthe most environmentally
friendly good possible (i.e. the non-essential consumpgimodc) and by construction there
is no possibility to reduce emissions through green teampol

These results are identical to the results we would obtam ft model in which there were
no consumption externalities, as LemBwnakes clear. Thus we have a candidate explanation

1%we do not showy, sincec andy track each other in each case, sioce ay.
lparameters in all three figuregr = 1; a = .33; . = By=PBy=1;5=1;A0=101;A, = A, g=0.023. Note
that the key equations for the programs for the figures bagedemry are to be found iAppendix B
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Figure 5: Simulations of the increase in pollution with puotivity. When, in the limit, labour approaches zero and
consumption grows at a rate less th@rthen pollution approaches zero. Otherwise it approactstscdly positive
limit.

for the levelling off in labour supply at high incomes. (Ridaat this levelling off is observed
at country level over time, at country level cross-sectamg within countries cross-section;
see Figurel.) This explanation has nothing to do with consumption exdéties: it is simply
that the elasticity of substitution between leisure and-aessential consumption is 1, but that
at low income non-essential consumption does not growtip@ath income because a fixed
portion of income must be spent on subsistence consumgtiagis precisely the explanation
of Ohanian et al(2008, who set the relevant elasticity equal to 1 by construction

Note that, just as iOhanian et al(2008, whene = 1 in our model the long-run level
of labour supply depends on preference parameters andxieetine(1— w)/(1+ at/Ap):
higher taxes drive down labour supply. In Sectbwe compare the ability of the alternative
models—without consumption externalities and wite= 1, a laOhanian et al.and with
consumption externalities argd< 1, our base case. Note however that apart from the ability
to fit the data, there are at least three potential advantages approach. Firstly, the Ohanian
result relies on a knife-edge condition, that it that long-Habour supply levels off because the
elasticity of substitution between leisure and consunmgtiappens to be exactly 1. Secondly,
the ‘consumption externalities’ explanation coheres witlot of data and analysis showing
that the desire to signal status is an increasingly impbdaver of our choices, including with
regard to labour supply. And thirdly, consumption exteitiedd offer a natural explanation
for the observed difference between the (high) ‘macroenodcelasticity of labour supply
to taxation, as opposed to the (low) ‘microeconomic’ eastiof labour supply to income
shocks.

5. Solution without a consumption tax

We now turn to the cases in which the consumption externialityt corrected, i.e. when
o =0. A crucial fact to bear in mind in these cases is that redatansumption of conspicuous
goods is always equal to 1 in symmetric equilibrium. WHheis low, relative consumption
(= 1) is large relative to non-essential consumption, andiogisin (3) binds. That is, con-
sumers buy gooyg as a complement to their purchases of grodther than to boost relative
consumption; if this complementarity were weaker, they lddwy lessy. However, whe\is
high, relative consumption is small relative to non-esséobnsumption, and they buy more
y than is needed to complemeqimotivated by their desire to boost relative consumptian. S
in each case there is some critical valué\aft which the restriction ceases to bind.

To solve the model we set up the Lagrangian and take firstraaladitions. Again, we
simplify the presentation by dropping trade in the enviremtal good from the start. However,
by contrast to the case with a consumption tax, we now conslidevariables, y;, andl;
rather thart; andl;, and the Lagrangian for the household as follows:

. —j (e-1)/e N (e-1)/¢ £/(e-1)
Xi—S B B

™ [A(ln)(lw)xi <1+ ALP>Yi+L} v <Z, - f:j) ’

where the multipliew; is non-zero when the restriction/a > ¢; binds. We solve for = 0
andt = 1*.
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Lemma 4. Under both laissez faire and Pigovian taxation the soluttam be divided into
two phases, an initial phase during which> 0, and a later phase when = 0. During the
initial phase the allocation is given by the unique solution

at _ _ B
el (1-&)/e _p _ e Cc
<1+ Ap) cA [A—(s+0)]"*(1— w) <c<15)/£ +By) (11)
given either thatr = 0 or that T = * (equationd4). During the final phase the allocation is
given by the unique solution to

T Cl/s &
A AS _c{1+[A/(1— )T ¢[(1— w)Bd ¢} Be’ (12)

Again, insert the appropriate values of(eithert = 0 or 7* as defined in equatio) to find
the allocation in the respective cases. Note also that dytfire final phase

_\il—¢
y=A—5—(1—a)c (1+ 7[?(/1(1 w‘;{[)B]C]E ) . (13)

Proof. Firsttake FOCs i, yi, andl; to yield—after substituting fox usingc= (x—s)/(1—
a), and assuming symmetric equilibrium—the following thrgeations:

(u/e)Ye Be=(1—a)u+v;
(W /y) By = (14 /A ~ v/
(u/HYe = Au(l— w).

To solve for the initial phase, when> 0, substitute foy usingy; = ac;, and note that equation
(8) describes the resource constraint when the restrictiodsbiUse these four equations to
obtain (L1). And to solve for the final phase, take the same FOCg; s€0, and note that the
resource constraintis nad(1—1) = (1— a)c+s+y. For proof of uniqueness, sé@pendix
A. O

We now look in more detail at the dynamics of the solutiondaand A, increase over
time. By contrast to the previous cases—the prologue madel, the full model with a
consumption tax—Ilabour supply no longer approaches zeprauctivity grows without
bound. The reason is that labour supply is motivated by eaciséhold’s need to maintain
levels of conspicuous consumption relative to the othesshbalds in the economy. The re-
sults are summarized in Propositidicompare to Propositiohfor the equivalent results for
the prologue model). Note that we restrict attention to tagecthat we argue is empirically
reasonable, namely< 1.

Proposition 2. Absent a consumption tathe dynamics are similar at low productivity: in-
creasing productivity leads to a monotonic rise in non-esisé consumption, leisure, and
pollution—starting from a lower limit of zero when produwty is at the minimum level nec-
essary for survival—driven by the decreasing salience efsthibsistence minimum. When
€ < 1, limiting growth rates of the variables are as follows:

{&/Chim = €9, {y/Y}im =9, {I/1}im = {p/P}im = O,

and labour, leisure, and pollution all approach strictly gitive limits. Finally, note that if
we shift fromt = 0 to T = 7* the limiting growth rates are all identical, but labour sugp
consumption, and pollution are all lower—at all times—gitke Pigovian tax.

Proof. The results follow straightforwardly from Lemnda For the limiting case (wheA —

o) assume a b.g.p. exists, and show then show what propértiesi have. To see the effect of
the Pigovian tax, consider the proof of uniqueness in Lemyraad note that whey increases
from zero (equivalent to a tax being imposedincreases ang decreases. Since in the limit
all labour is devoted to production gf this implies thah decreases arildncreases. O

Proposition2 shows that in the limity/c — «, so production of status goods dominates
non-essential consumption goods. Recall that in the poesefithe optimal consumption tax
(Propositionl) whene < 1 then labour approaches zero in the long run wbiggows at the
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rate g; here labour approaches a positive lingitstill grows ateg, buty grows at the rate
g. So the desire for status consumption motivates excessib@ut supply which gives no
benefit, since no households actually gain higher statusid (Awe extended to allow for
heterogeneity, some households might benefit but otherkihvgaodfer.)

Production of the status good also causes pollution. Siotlating emissions per unit
produced decline at the ratg if y/y < g, then emissions decline. This is the case in the
long run when consumption externalities are correctedhass in Propositiorl. But when
consumption externalities are not corrected tlggp= g in the limit, and pollution flows
approach a strictly positive limit, where the limiting valuis a linear function of limiting
labour supply.

1 0.5
()
> 2 LF
s £
Q. 1 <
2 o = > ° T
5 LF | 8 g 5
2 T a 5
= S
g @ g
o andrt o andt
0
0 100 200 0 100 200 100 200 100 200
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Figure 6: Simulation results for all four scenarios for oaséline parameterization in whieh< 1. Productivity starts

at the minimum level necessary for survival, and then irsgeat a constant rate. The scenarios are laissez faire (LF),
a Pigovian tax aloner{, and consumption tax alone), and a first-best combination of Pigovian and consumption
taxes ¢ andr).

The results of both Propositiodsand2 are illustrated in Figuré. In the first panel we
see how labour supply always approaches a constant limi¢cjvidh zero whero™* is applied.
When the consumption tax—applied to the polluting ggedis in place, the addition of
the Pigovian tax makes little difference. However, in theaize of the consumption tax the
Pigovian tax makes a large difference, as we can see fromiffieeetices in labour supply
and pollution damage between the scenarios labell@Rigovian tax alone) and LF (laissez
faire). In the second panel we see the effect on non-eskeatiaumptiorc, which grows at
£gin the long run, in all scenarios, but at slightly differeatéls. In the third panel we see
that the long-run growth rate of status consumptiahigher (at rat@) in the absence of the
consumption tayo than in its presence. In the latter casis consumed as a complement to
X in non-essential consumption, and the growth ratgisFinally we see that whey grows
at rateeg in the long run, pollution flows approach zero, whereas wihgnows at rateg
pollution approaches a strictly positive limit.

Based on the above analysis we have a reasonable undengtafidhe properties of the
model, both under laissez faire and under regulation witharboth of a Pigovian tax and a
consumption tax on the status gopdVe have seen that in an optimally managed economy the
need for a consumption tax increases over time, and thaatregiens up a large difference be-
tween the optimal allocation—with both labour supply antlyimn flows approaching zero
—and the laissez faire allocation with high long-run labsupply and pollution damages. In
the introduction we argued that the model can shed light tue&trends in labour supply and
pollution, as well as the difference between ‘macroecowband ‘microeconomic’ estimates
of the elasticity of labour supply to taxation and wages.hia hext section we put the model
to the test on these tasks.

6. Taking the model tothe data

The first thing to point out when taking the model to the datthat in real economies
most takes are levied—either directly or indirectly—ondabincome generally, rather than
on a specific good or set of goods. (But note the significantéagnues from fuel taxes in
Europe.) And these revenues are required to finance govetrspending on public goods
such as national defence and the police and courts. Furtiierin most rich countries health
care and education are provided largely for free ‘at the tpofiruse’ by the state. So taxes
to correct distortions are not collected in a vacuum, anchatesimply returned ‘lump sum’
to households. Our main task in this section is thus to loadbaerved patterns of taxation,
and observed outcomes with regard to labour supply, antite@stvell the model can explain
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these observations. Having parameterized the model otadisis, we can turn to the effects
of optimal policy, and also the analysis of polluting emiss.

6.1. Labour supply and taxation

To test the model’s ability to explain long-run labour sypple take a similar approach
to Ohanian et al(2008. That is, we take data on the tax wedge over the interval 4950
2015 in the 15 countries in the databasévwDaniel (2007), combine it with data on labour
productivity over the same period in these countries, ard this data into a parameterized
model to predict the paths of labour supply.The paths predicted by the model are then
compared to observations: Figute

In Figure 7 we see that the model does a remarkably good job of matchamgisrin
labour supply, based solely on the productivity trends ithezountry, and trends in taxation.
Countries which start at a high level of productivity, andiethhave a relatively stable tax
wedge (the prime example being the US) have stable laboyhsumth as predicted by the
model and according to observations. And where produgtindreases from a relatively low
level, at the same time as taxes increase—exemplified by Sweetween 1950 and 1980—
see steep falls in labour supply both according to the madétiae data. The model fails to
match overall trends in just 2 of the 15 countries, namelyp&ezaand Germany. In both cases
we observe much steeper falls in labour supply than are g@teetiby the model, indicating
that other factors were at play here, in addition to the ¢ffe€growth and taxes captured by
the model.

6.2. Policy implications

The model does a good job of accounting for data on labourlgufith regard to pollut-
ing emissions, itis far too simplified to take to the data: wert explain polluting emissions
by country based only on productivity and taxation in a madeére firms cannot choose al-
ternative production technologies, only alternative jpicid. Furthermore, the implications of
the model as currently formulated for labour supply aretiraeptimal policy would lead to
large reductions in labour supply even in high-tax coustsiech as Sweden, due to the shift
in focus to conspicuous goods, which motivate labour supplyd there would be an even
greater reduction in polluting emissions, due to a commnadf lower production in total,
and the shift out of conspicuous goods.

The above implications would be revolutionary if they wendtton a credible description
of the economy. However, careful study of the charactessif the model shows that a better
model would lead to more conservative results, albeit goinije same direction, i.e. an opti-
mal management of the economy with taxation of status géadsy labour supply, and much
lower polluting emissions. One important addition to thed®las to include Keynes’ idea that
we work because we have evolved ‘to strive and not to enjolgatTs, our optimal degree of
labour supply is not zero, all else equal. There is a lot ddence that more leisure increases
utility when labour supply is high, but it seems reasonabkippose that above a certain level
—measured over our lifetimes—further leisure (and lessqweould actually reduce utility,
even if we coordinated our choices, and even holding consompnchanged. Work helps
us to feel a sense of purpose in our lives, as well as givingatasand consumption goods.
By adding to the model a ‘baseline’ rate of labour supply tgethan zero we could explain
observed labour supply with weaker preferences for staiodg) hence the effects of optimal
policy would be less radical.

7. Conclusions

We have shown that in an economy with both pollution and contion externalities,
the consumption of status goods takes over as the main rtiotivaehind labour supply as
productivity increases. This accounts for two stylizeddaférstly, although labour supply de-
clines with income at low incomes (both for time series ara$srsectional country data, and
for cross-sectional individual data), the decline levéfsabhigh incomes; and secondly, that
expenditure tends to shift towards energy- and resourtessive goods with rising income.

12\ drop the period 1950 to 1959 for the four countries in tmepa that were defeated in the Second World War
(Austria, Germany, Italy, and Japan) as their labour sujgpdnomalously low in that period. And we drop all points
for 2008, '09, and '10.
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Figure 7: Labour supply (hours per working age adult) as etifra of our assumed maximum, 3300 hours per year.
Observed supply compared to simulation results for the 1hiries, with baseline parameters and correction for
country fixed effects. Parametergi =1, e =04, a = .33, 3. =2; B, =15; Bg=1, A, =A 5§=0.356. We
take data on taxation frorivicDaniel (2007, updated with data up to 2015; data on hours per workingeatygt

is put together using total hours and total population from €onference Board Total Economy Database, and the
proportion of the population that is working-age from the @E Labour productivity is taken directly from the
Conference Board.

The policy implication of the model as it stands is that testesuld be shifted to status goods,
which would cause both an increase in leisure and a radioalidrpolluting emissions. How-
ever, more research is needed in order to strengthen thel'mab#ity to explain historical
data, and to make credible recommendations for policigstbald improve social welfare.

Appendix A. Proof of Lemma 4: uniqueness

For low values ofA uniqueness is straightforward to demonstrate for lsethO and Pigo-
vian taxation. Set = 0 in equation{1), and letc increase from 0 té—s. The LHS increases
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monotonically (linearly) from 0 t¢dA — S)A1-€)/¢ whereas the RHS declines monotonically
from a limit of +infinity to a limit of zero. And wherr is given by equationd), let cincrease
instead from O toward#,/(a ) (at which point environmentally quality is zero). Then
rises monotonically from 0, approaching infinity at a valdecostrictly below Ap/(ay).
Hence the LHS of 11) increases monotonically from zero and approaches infatitfjnite
¢, whereas the RHS declines monotonically from an infinitet/iapproaching zero at finite
And whichever of the limits is binding, the curves must cresactly once: there is a unique
solution.

For high values of, uniqueness is again straightforward. Whes 0 then when we let
c increase from O in equatiori?) we see that the LHS is constant () whereas the RHS
increases monotonically from zero approaching infinity rmitdic. Under Pigovian taxation
substitute the expression fof (6) into (12). Together with {3) we have two equations it
andy and it is straightforward to show that they have a uniquesingspoint, and that this
crossing point has allowed valuesyofindc: (13) is linear, of negative slope yddc < 0), and
crosses thg axis aty = A—§; the other curve passes through the origin and has positipe s

Appendix B. Programs
Appendix B.1. Figure8-5

i ; 1 Bqg We
R tict Id =
earrange equatidhto yie S <Bc W 1A, )
1 w)E+A —°
and from10we have } Be( + (A
¢ (A-9)B¢(1- w)*

So we have two equations in two unknowns and can solve &dw. given an optimal tax
T*. The case of* = 0 is trivial.

Appendix B.2. Figuré
Wheny = ac we can rearrange equatiohlj to yield

e = A~ (S04 (10 o+ ) /oA

For laissez faire we haws; = 1 (hence a single equation foy, and given Pigovian taxation
we have equatioh,

W:&(z_ﬂ)”g B (Lﬂ)”_ﬂ .
¢ Bg\c Ap Bq Ap

Ap
so two equations and two unknowmg, andc.
Wheny > ac we have, from equatiori@),

ac/e By

e A Ao - wB A

and, from equationssj and (.3),

Wo=1+ o“: g: cl/e {1— W [A—s_— (1-a)c (1+ M)} /Ap}l/s.
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