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Voluntary Emission Reductions, Social Rewards, and

Environmental PoIicyIj
Michael Rauscher

1. Environmental Policy, Intrinsic Motivation, and Social Norms

Most of the economic analysis of environmental problems and theirssolatbased

on a rather narrow conception of man. Humans are being viewed as @gocent
rational utility maximisers who respond to only two types of ewlerstimuli:
economic incentives and coercion. The environmental policies discussed by
economists are usually directed at these two stimuli. On the ormk tlere are
emission taxes, abatement subsidies, and tradable pollution permitprdiae
economic incentives or disincentives. On the other hand, there is theacoramd-
control approach, forcing individuals to do what they would not do voluntarily. A
large literature in the field of environmental economics has beeptetk to
comparing the incentives and the command-and-control approaches, usually
establishing the superiority of the former over the latter. Otieterminants of
environmentally relevant behaviour, however, have been neglected by and kasge
would not be a serious omission if they were of only minor relevanos. i,
however, not the case. Environmentally friendly behaviour is often obsemved i
situations where neither economic incentives nor coercion by lawrasent. An
example is the separate collection of different types of househadteworganic,
plastic, paper, bottle, batteries, etc.), in which many people entjagegh there are

no economic incentives and no enforced laws. Still people incur privatestosng
several types of waste separately in their homes and then brihgimgto particular
waste containers where these materials are collected for recyulipgses. There are
two possible explanations for this type of behaviour: intrinsic motimadind social
norms. Either people derive some extra utility from behaving inyatiney consider

5 This paper was written while | participated in theoject "Environmental Economics: Policy
Instruments, Technology Development, and Intermafi€ooperation” conducted at the Centre for
Advanced Study (CAS) at the Norwegian Academy déi8m®e and Letters in Oslo in 2005/2006.
The financial, administrative and professional supmpf the Centre to this project is much
appreciated. Draft versions of the paper were ptegein seminars at the universities of Oslo and
Rostock, at CAS in Oslo and at the Vienna Instoft®©emography. | thank Kjell-Arne Brekke,
Rolf Golombek, Marietta Horster, Kalle Moene, KariNyborg, Erik Sgrensen, and Franz Wirl for
helpful suggestions and critique. The usual disttaiapplies.



to be environmentally friendly or responsible, or they are driven bglsoarms and
social control. This paper is about the second aspect.

The neglect of intrinsic motivation and socially determined behawgunain-
stream environmental economics could be justified if the economic andcoon
omic spheres were independent of each other, i.e. if the introduction obrenvi
mental taxes, tradable permits, and other kinds of regulation didfeot adtrinsic
motivation and social norms. However, this often is not the casewkliknown,
for instance, that economic incentives interfere with intrinsiavaton. A famous
example is the claim that economic incentives can erode thesintrnotivation to
donate blood. See Titmuss (1971), who argues that countries in which blood donation
is commercialised suffer from larger shortages in blood supply teantries in
which blood is donated on a voluntary basis. Empirical evidence that mponetar
incentives crowd out intrinsic motivation has been provided by GneezyRiusti
(2000a,b) and Brekke/Kverndokk/Nyborg (2003). Mellstrom/Johannesson (2005) did
an experiment on the effect of economic incentives on blood donation andhsttow t
women are subject to crowding-out effects, whereas men are nok-Ndeoe-
mann/Frey (1995) argued that the crowding out of intrinsic motivation rafgsiy to
environmentally responsible behaviour as well. Economic instruments abenvi
mental policy, in particular if they attach a price to environmental quality,umdgr-
mine intrinsic motivation. The main reasons are that externatiooeand price
incentives erode self-determination and that they are often appleeday perceived
as being unfair by the regulatées.

Hirsch (1976, ch. 6) has argued that similar arguments apply tollysocia
determined behaviour. The functioning of social interactions may be ebydixd
introduction of markets. This has been formalised by Hollander (1990), Kandel
Lazear (1992) and Bénabou/Tirole (2006). Experimental research hashsththat

! Social control of environmentally relevant behavids omnipresent in some societies. For

example, Germany, and particularly Eastern Germiang,country where the separation of house-
hold waste is taken very seriously by substantaispof the population. Living there, the author of
this paper has made his personal experiences wifialscontrol. Imagine a situation where you
throw an empty wine bottle into the ordinary wasite located in the backyard of the house you are
living in. A window in the neighbouring five stotyouse opens and a voice starts yelling at you
telling you that you should get this bottle outtiois waste bin and bring it to the glass container
located some three blocks down the street. Manylpewould not care about this, but as a
German, you start feeling guilty. Social contros leorked.

See Frey (1986, 1992, 1993) for a more generalidigon of this idea. In Frey (1992), a simple
formalisation of the phenomenon of intrinsic motiva is given in the framework of a utility
maximisation model.



social norms and social rewards really play an important rolencreation of
cooperative outcomes in prisoners'-dilemma-type games. See @Gaehtg(1999),
for example. Additional empirical evidence supporting the claim @ivding out of
environmentally relevant social norms by economic incentives has éeerted by
Cardenas/Stranlund (2000), who did an experiment with inhabitants of rural
Columbia who relied on using forest resources. Their experiment wzhsistwo
treatments, one with social interaction and the other one withoul sdeiaction,
but with an environmental regulation (that was only weakly enforceml)n@, this
set-up seems a bit artificial since in the real world sowains and environmental
regulation co-exist. This co-existence of norms and regulationbeilnodelled in
this paper. The main questions to be answered by this paper are:

* Does environmental regulation crowd out social norms?

* Is there a difference between the effects of different tghesvironmental
policy, in particular between market instruments and command and control?

e Can stricter environmental regulation be harmful to the environment if
crowding-out effects are very strong?

* What are the rules for optimal environmental policies if sociamsoare
relevant?

The approach is a theoretical one. | modify Hollander's (1990) modercaily
rewarded contributions to a public good and apply it to an environmental-e@snomi
setting. In contrast to Hollander, who endogenises the supply of sewiatds, |
assume that this supply is exogenously given. On the other hand,allewl for a
more general model of the impact of social rewards on individual mirawhere
Hollander used a linear specification. Moreover, in my model ageathetero-
geneous whereas they were homogenous in Hollander's model. Finakyertiff
instruments of environmental policy are analysed and it will be 8e# instrument
choice matters. Another paper closely related to the present onleatisby
Lai/Yang/Chang (2003), who look at a model where socially responsible firntedeci
to comply with environmental standards even though the probability of being
detected and fined as a non-compliant is small. The strength ajdia¢ isorm and,
therefore, the severity of social sanctions depends positively on tHeenaifirms
not violating the standartiAs in other models of this type (e.g. tax evasion models),

® In my view, there is logical problem here. Likegal sanctions, social sanctions require that a
deviation from the norm is observable and verifalidut in Lai/Yang/Chang (2003, p.66) social
sanctions are independent of the detection of anlation of norms. Their approach may,
however, be saved by arguing that deviators deuifér from social sanctions but from a negative



there are multiple equilibria with high and low degrees of compliandé¢he authors
show that tighter environmental policies may increase pollution. Tesept paper is
different from that by Lai/Yang/Chang (2003) in two major respégatstly, | do not
consider illegal activities but concentrate on voluntary contributiogens do not
only refrain from breaking the law; they really do more than #reyrequired to do.
Secondly, the number of voluntary contributors is exogenous. Another relgied pa
is by Bénabou/Tirole (2006), who deal with social norms and social devesr a
signalling problem. People like to be regarded as being unselfish esacal, but
fellow humans can only extract limited information about their th@acter from
their behaviour. This implies that pooling takes place and that changesnomic
environment such as institutions furthering the desired behaviour may be
counterproductive since they attract the wrong people to the pool. In adglm
pooling plays no role: the action reveals the true character afh@. Nevertheless,
this paper derives some surprising results and interesting policy implications.

The paper is organised as follows. Section 2 establishes a simpleahsoeally
rewarded environmental behaviour containing the elements just mentiongdn Se
studies the effects of changes in environmental policy on this behaviour.
particular, | am interested in the crowding-out issue. In Section ¥nalpenviron-
mental policies are analysed and the question is raised whetkidtdlinstruments
such as taxes are preferable to command and control. In Sectiaolk ak Iresults of
majority voting. How do environmental policies chosen by diverse groupsietys
differ? Section 6 contains some final thoughts.

Before | start, a remark about the use of the term "voluntatgrakeat" needs to
be made. | will use the notion of voluntary abatement to characteasepart of
abatement effort which goes beyond the level required (or striveloly sghviron-
mental regulation. For instance imagine an abatement effaehforced via an
emission tax or another environmental-policy instrumenta lfis an observed
individual abatement level that eceedd call a—Athe voluntary abatement. Strictly
speaking, this abatement is not purely voluntary. People acting "volyhtaieive
social rewards. Conceptually, social rewards and sanctions areucbt different
from the pecuniary incentives and disincentives created by markeinments of
environmental policy or from legal sanctions. Nevertheless | wsk the term
"voluntary abatement" to characterise the abatement going beyondswieguired
by the law. After this semantic remark, the analysis can begin.

self image, which may indeed be socially influeneed, thus, may depend on the (observable)
general level of compliance. This is closely redate the issue of moral motivation discussed in
Brekke/Kverndokk/Nyborg (2003).



2. The M odd

Consider a society consisting of a large number of individuals apdpedation size
be one. This society consists of two types of individuals. One typerrds to social
rewards and the other does not. It is plausible to argue that tévededup is to a
large extent composed of competitive firms, which react to mgnieizentives only.
A firm spending resources on activities that are socially baakfbut are not
rewarded by the market will not remain competitive and will berbeen out of the
market. Ethical considerations or social recognition do not play a $ee, e.g.,
Siebert (1992, 130) for this argumériEthical behaviour and voluntary contribution
to public goods are feasible only for the non-competitive part of theoety and for
agents involved in non-market activities, in particular private househetasthe
sake of brevity the two types will be referred to as "typéo6the people responding
to social interactions and "type C" for the competitive part ofeitmnomy, which
reacts to economic incentives and command-and-control only. Assume #mat S-
type individuals are identical in all other respects and thatslo&tae two groups in
the populationz and (12), are constart.

If no abatement is undertaken, each individual discharfgesnto the
environment. LeA be the abatement level required by the environmental regulation.
Individuals not responding to social norms dischaig@. The other individuals
abatea>A anda-A s is called voluntary abatement. Emission abatement is costly,
the cost functiort(A) being increasing and strictly conves(.)>0 andc"(.)>0. LetT
be the emission tax rate paid by type-C individuals. Then four kinds of environmental
regulation can be distinguished:

« T=A=0: laissez faire, i.e. no environmental regulation,

Non-profit motives can survive, however, if firragjoy market power and appropriate rents that
can be spent on socially rewarded activities sushemavironmentally friendly production or
sponsorship of culture, science, and sports. Imaaging world in which branded products become
increasingly important at the expense of standaddsommodities and in which perfect compet-
ition is being replaced by non-competitive marketictures, the share of firms that are subject to
social control may actually be increasing

Models in which the population shares are endogemawe been analysed by Schelling (1978),
Naylor (1990), Myles/Naylor (1996), Lai/Yang/Cha(®D03) and Nyborg/Rege (2003). The main
difference between their models and the presentiotigat they look at a dichotomous decision
whether or not to contribute to a public good dmat the shares of contributors and non-contrib-
utors are variable. This paper in contrast assuh@she shares of the two types of individuals in
society are given but that the degree of contridvuthay change.



* A>0,T=0: command and control,
* A>0,T=Cc'(A): emission taxes, tradable permits, or abatement subsidies,
* A>0, T<c'(A): a combination of command and control with small effluent

fees or abatement subsidies which are not binding.

The fourth category is rather uncommon and this type of environmegtdtien is
introduced for analytical reasons, which will become obvious laterinili/ not-
ation in the following parts of the paper, | introduce a dummy varllslech that:

5 :{o it T<c(A)

1 if T=c(A @

Thus,D = 1 denotes the case of market instruments in environmental policy and
D = 0 stands for command and control where effluent charges may laxtisare
merely symbolic and do not influence the behaviour of the C-sector of the economy.

Voluntary emission reductions are socially rewarded. In return rteeffert to
reduce emissions below the level required by the environmental regul#ie
individual earns a social reward, which generates some positiitg. ufthe social
reward accruing to a single individual depends positively on her ownnadatte
effort and negatively on the abatement efforts of the rest oétgodihe idea behind
this is that social rewards — and social norms— are relatedhdab ather people do.
The more abatement other people undertake, the more difficulbisanfindividual
to earn social recognition. Define

a* = za + (1A (2)

as the average abatement level. Then the social-rewards fuisctiefined as(a,a*)

with sy(a,a*) > 0, sx+(a,a*) < 0, subscripts denoting partial derivativega,a*) > 0
indicates that more abatement effort is always sociallyarged. | neglect the
possibility that too much effort might be considered to be foolish agttrpbssibly

not be acknowledged,-(a,a*) < O represents the fact that a high level of individual
abatement is less admirable if everyone abates a lot tham @verage abatement is
low. Note that an externality is involved here. By increasing her abatement
effort, an individual contributes to an increase in the average atwttdavel and

thus to a reduction in social rewards. Social norms are driven by individual behaviour
and each individual engaging in effort to fulfill the social norm dritree standard

up. As regards second derivativess(#,a*), assume that is concave ira: S;a <0,
arguments of the function omitted for convenience. Moreover, as a naticali$

use s(a*,a*) = 0, i.e. average behaviour does not induce positive social rewards



irrespective of the amount of abatement. As regards the crosatiler one might
conjecture that the marginal social reward of an individual isedsorg in the
abatement acitivities of the rest of society, but it is easyonstruct sensible
functions such that the reverse is true. | give two examples:

I-n _ %17

s= % ’ (3a)
le el _

gz a1 f_g ! (3b)

with 7>0and £>0. For n=0and £=0, these formulae simplify to specifications
where social recognition is set equal to absolutd eelative deviations of the
individual from the avarage, respectivelyith specification (3a),s,.. is always
zero. With (3b),s.a < 0 if £< 1 ands.e» > 0 if £> 1. In the first case, increased
abatement by others reduces the productivity of aixatement in the generation of
social rewards and thus discourages abatementelsecond case, more abatement
by others encourages more abatement by the indiviglider consideration. Thus,
the sign ofs,a+ is indeterminate. Hollander (1990) starts fronmadr specification of
the social-rewards function and employs argumehtsooial consistency based on
individual willingness to contribute to social rea to endogenously determine
parameters of the function. This supply of soc@lards depends on the marginal
rate of substitution between public and privatedgodJsing this to parameterise the
linear social-rewards function, Hollander ends ughwa function that is in fact non-
linear. In contrast, | use a more general sociahrds function to start with but do
not raise the question of supply of social rewards.

Indvidual well-being depends on abatement costpgyments, utility from social
rewards, and on the disutility from pollution. Th#lity generated by social rewards
is u(s), u(.) having the normal properties: positive and dasing marginal utility,
u' > 0,u" < 0. Moreover, environmental pollutioR, is the the sum of all individual
emissions and it is taken as given by each indaltidu

P=E-a*=E-za (12 A, (4)

where total emissions equal average emissions shegopulation size has been
normalised to unity. Let environmental damage Isériatly convex functiord(P) of
pollution, i.e.d'(.)>0 andd"(.)>0. The total utility of a socially responsiualividual
then is

w® = —c(a) +u(s(a,a*))-d(E-a*)-t {E - a) (5)



wheret is the emission tax rate paid by type-S individulilshould be noted that an
abatement subsidy instead of an emission tax waoldchange the results. Just
interpret a as the abatement subsidy afif as a lump-sum tax, which is neutral.
Thus all results to be derived in the remaindeahefpaper carry over from emission
taxes to abatement subsidies.

For most of the remainder of the paper, | assuraelbth groups of society are
subject to the same environmental regulation.

Assumption 1: t =T.

Only in Section 4.3 will this assumption be relaxeadi | will consider the possibility

of discriminating environmental regulation. The mation behind Assumption 1 is

that is in practice difficult, if not possible, thstinguish the two types. If they could
be distinguished and if differentiated environmeérgalicies could be applied, it

would be questionable whether social rewards watiltl depend on the average
level of abatement in society or rather on the grspecific abatement requirement
applicable to type-S individuals.

3. The Effect of Environmental Policy on Voluntary Abatement
and on the Environment

3.1 Optimal Voluntary Abatement

The optimal abatement level a representative typed®idual is determined by
differentiation of (5) subject ta> A with respect t@. The first-order condition is

—-c'(a)+u'(s)s,(a,a’) +t<0, (6)

where the left-hand side is negative if the comstrés binding. From (6), the
following result can be inferred.

Proposition 1. In the case of market instruments of environmepdécy
(D=1), there will always be voluntary abatemesA. In the case of pure

command and control without any taxes=T=0), a>A only if
u'(0)s, (A A) >c'(A).

Proof. Assumea=A. Then condition (6) reads'(0)s,(A A)+t<c'(A .)
If D=1, c'(A)=T=t and condition (6) is violated. ThuaF=A cannot be

true. If t=0, condition (6) turns out to ba'(0)s, (A, A) <c'(A . )f this
condition is violateda=A must be wrong. The@>A.



The intuition behind this proposition is ratheagghtforward. In the case of emission
taxes, all individuals try to avoid the emissior by abating at least irrespective of
whether they respond to social recognition. Theaterfor social recognition gener-
ates incentives to increase abatement beyondetes IUnder command and control,
there is no cost of not abating that can be avoitléde marginal utility from social
recognition is less than the marginal abatement, c®gn socially responsive
individuals will not abate more than the requireiimum. This is closely related to
a point made by Diekmann and Preisendorfer (2008y distinguish between low-
cost and high-cost situations. If environmentalgn@erned individuals face low
(marginal) costs of environmentally friendly belaw, they will behave in an
environmentally friendly way. If the costs are highey will behave like their
environmentally unconcerned fellow citizens and ad®just the minimum action
required. Proposition 1 shows that this argumentie@saover from intrinsic motiv-
ation to the extrinsic motivation to earn sociatagnition. If marginal abatement
costs are high, socially responsive people negectal rewards and just do the
required minimum.

In the remainder of the paper, | wish to confingself to situations with voluntary
abatement and social rewards and therefore | asthah¢éhe marginal benefits from
social rewards always at least outweigh the margimst of obtaining them:

Assumption 2: u'(0)s, (A A) >c'(A).

With boundary solutions ruled out, the optimaligndition is
c'(a)-u'(s)s,(a,a) =t. (6"

In the case of an emission tax, the marginal cbabatement equals the tax rate plus
the marginal utility of social rewards. Otherwigbe marginal cost equals the
marginal utility. The second-order condition isisid.

3.2 Environmental Policy and Voluntary Abatement

If we want to identify the impact of environmengablicy measures on voluntary
abatement, two variables are of interest. The bre is the strictness of environ-
mental regulation measured By The second one is the type of environmental
regulation: what is the consequence of a move rommand and control to market-
oriented environmental policies? This will be asaly by varying the tax ratesuch
that the behaviour of the S sector is not affecied,we look at an effluent charge
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which is so small that it does not affect abatentgnthe C sector of the economy:
t=T<Cc(A).

Total differentiation of equation (6") gives thestted results. It has to be taken
into account now that in equilibrium* = za + (1-2A. Moreover, in the case of a
market approach in environmental policy, the chaingthe tax rate accompanying
the change in abatemehis dT = c'(A)dA Thus,

da 1

ko if t=T<c' (A 7
TN ISTIPY APy T CRET @ v
and
% - Dc" (A) + (1_ Z)(U" SaSa t ulsaa*) ft=T-= C'(A)_ (8)
dA c"(a)-u"s,(s, +zs,.)-u'(s,, +zs,.)
TMC, t
perceived
TMC

true TMC

VR I

~

ar Qo a't a

to

Figure 1: Effects of an increasein the emission tax

The denominators on the right-hand sides of eguat{@) and (8) are identical and
are likely to be positive. There are two terms tinaty exhibit the "wrong" negative
signs: — zu's,,, and —zU's,s,.. To illustrate what a negative denominator mebhats,

us look at a change in the tax rate like the onequnation (7). If the tax rate is
increased, an individual take® as given and increases abatement since total
marginal cost (TMC), i.e. marginal abatement costus marginal utility, seems to
be increasing. In Figure 1, this is depicted byoaitpvely sloped "perceived TMC"
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curve. Ex post, however, since other individualeadve in the same wag* does
change and this is taken into account in the denatoi of (7). A negative
denominator means that the "true TMC" curve, oaging if all type-S individuals
do the same thing, is negatively sloped and thdiequm is at an abatement level
a;. The incentives faced by the individual under adergtion, however, make her
choosea';, which is too large. All individuls do this andus, the true TMC is re-
vealed and the perceived TMC curve is shifted doama. This is an incentive to
further raise the abatement level and it is obvibas the new equilibrium is unstable
and thata; will never be reached. Let us, therefore, asstiaethe denominator is
positive. In particular, we make

Assumption 3: s, +zs, 20 ands_, +zs,. < Q

Remark. The first part of Assumption 3 is satisfied foe thdditive specification,
(3a), if < 1 and for the multiplicative specification, (3B)r all values ofs. The
second condition is satisfied for both specificasidor all admissible parameter
values. Table 1 contains the detailed results.

al—/) _a*l—n al—ea*z—l -1
S= ——— 3a S=— 3b
-1 (3a) - (3b)
AT 1-2)A
S, +2S. = 1-7 z+(@1-2—| [@”
a Scl ( Z( ( )aj J aea*Z—z
- - at@l-2)éA
Saa +Zsaa* - —/a o _W

Table 1: Assumption 3in Cases of Specifications (3a) and (3b)

With this assumption, the following result follofwem condition (7):

Proposition 2. A marginal increase in the emission tax that hasffexct
on type-C individuals raises the abatement by fypedividuals.

Proof. With assumption 3, the denominator in (7) is unajubusly posi-
tive.
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The underlying intuition is that the tax increaséses the opportunity cost of dis-
charging pollutants. There is no crowding-out dffecthe sense that socially valu-
able behaviour is devalued if a price is attacleet. it may be true that regulations
introducing pecuniary incentives for activities tthlsave been subject to non-
pecuniary rewards before, destroy moral and sweiales, but not in this mod@|.

From the other equation, (8), the following resalkows immediately:

Proposition 3. A stricter environmental policy has ambiguous eafemn
abatement by type-S individuals. Under emissiorgathe same increase
in abatement requirements for type C induces mbateaent by type S
than under command and control.

Proof. If Assumption 3 holds, the denominator in (8) rEambiguously
positive. The numerator contains two positive terrg"(A) and

(1-2u"s:Sa+ , and one that is possibly negative Zj's.a+ . Thus, the sign
of the numerator is ambiguous. Sincg,A)>0, a change fronb=0 to

D=1 increaseda/dA.

The three effects in the numerator can be explaagefbllows.c'(A) is the increase
in the emission tax necessary to induce more almteby type C. To type S, this
change in the tax raises the real cost of polluing induces more abatement, too.
(1-2u"s:ss+ States that an increaseAireduces average abatemexit, which reduces
the marginal social rewafdom abatement and this in turn raises the margitikiy
from social rewards. Thus, there is an additiomalentive to abate. In contrast,
(1-2u's.a+ represents a discouragement effesfdf.<0. Then increased abatement by
others reduces the marginal productivity of own taiveent in generating social
rewards. The result that taxes generate more abateby type-S individuals is
explained by the fact that a tax increases the imargost of discharging pollutants.
In particular,

@ - soew® ©
d tax d CAC dt

whereda/dtis given by equation (7) and CAC stands for "comdhand control".

® Experimental evidence showing that this kind odvaing-out is relevant in some real-world

situations is provided by Gneezy/Rustichini (208)al ai/Yang/Chang (2003) in their theoretical
model assume that an individual's propensity t@tréa social norms depends on the tax rate.
Albeit a bit ad hoc, such an assumption can gemexdarge variety of behaviours. The approach
suggested by Bénabou/Tirole (2006), who argueitfgividuals reacting to pecuniary incentives
face the problem of being regarded by others aadgrehowever, seems to be more satisfactory.
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The next question to be addressed here is thabwfding out of voluntary abate-
ment by decreed abatement. Define voluntary abateasa—A Then
d(a — A) = % -1= Dc” (A) -c (a) +u” Sa (Sa t Sy )+ ul(saa t Sp ) (10)
dA dA c"(a)-u"s,(s, +zs,.)-u'(s,, +zs,..)

Inspection of (10) gives

Proposition 4. The impact of environmental regulation on voluntary
emission reduction is ambiguous.

Proof. There are several positive and negative termisamtumerator and
it is not clear which terms dominate.

Crowding out of socially rewarded behaviour is lké/oluntary abatement may be
increased if

* C'(A) is very large compared ©@(a). In this case, the tax increase necessary to
induce the increase iA is large whereas the increase in marginal cost of
additional abatement by type-S persons is small.

* sy IS large in absolute value. Then abatement byrstrexluces social rewards
substantially and this raises the marginal utftiom social rewards.

* Su* IS positive and large. Then, increased abatenfémts by others raise the
social recognition gained by own abatement effofrisdividuals of type S.

3.3 Environmental Regulation and Environmental Quality

Let us now consider the effects of environmentgulation on pollution. Since type-
S individuals may be induced by stricter environtakstandards to increase their
emissions, it is by no means clear that such atestrenvironmental regulation is
good for the environment. From equations (2) angdwg have

da* _, ., da_zDc'(A)+ (1-z)c" (@) - (1- z)(u" s2 +u‘saa)
dA dA  c"(a)-u"s, (s, + 25y )—U'(San + ZSaar )

(11)

and this implies:

Proposition 5. Stricter environmental regulation reduces enviromale
pollution.

Proof. Assumption 3 guarantees a positive denominatatin All terms
in the numerator are unambiguously positive.
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Although type-S individuals may be induced to irge their emissions, the overall
effect is an emission reduction. The reason istti@effect that might induce type-S
persons to raise their emissions depends negativelhe share of type-S individ-
uals,z. See equation (8). Thus, the stronger the efthetsmaller is the number of
exhibiting this behaviour. Of course, if it weresgle that the share of socially
responsive individualsz, could change as a consequence of tighter enveotah
standards like in Lai/Yang/Chang (2003), a worsgnai environmental quality
would become feasible.

4. Welfare Effects and Optimal Environmental Policies
4.1 Welfare and the Pigouvian Tax

In a society where environmentally responsible biha is driven by social norms,
there is more than one externality. Not only déesindividual neglect her impact on
environmental pollution; she also does not condidar her own abatement activities
have an impact on the social rewards that otheplpereceive. It is, therefore,
unlikely that the standard policy implication of velonmental economics, the
Pigouvian tax rule, applies here. The Pigouviandgualises marginal damage and
marginal cost of abatement for the type-C parioofety:

T=c(A=d(E-a*) (12)

All individuals being treated equally, social vk, W, is the unweighted sum of
all individual utilities. It is assumed that taxvemues are re-injected into the
economy in a lump-sum fashion. Thus, the tax paymaad the public expenditure
cancel out when social welfare is calculated.

W=-2da) - (1~ 2)c(A) + zUs(a, &)) - d(E -a*) (13)
W is not necessarily concave in the policy instruinén For instanceda/dA
(equation (8)) contains several second derivaiivgdying thatdW/dAcontains these

derivatives as well and thefw/dA then contains third derivatives. Thus, | make the
following assumption such that the second-ordeditmm is satisfied.

Assumption 3: d®W/dX < 0.

Is the Pigouvian tax optimal in this model andpadt, is it is too large or too small?
Differentiation of (12) with respect # yields:

= (1— z+ zj—ij(d#zu‘ sa*)— L-2)c' (A + Z(U'Sa —c'(a))g\
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with da/dA being determined by equation (8). Using the S osictfirst-order
condition, equation (6"), yields

aw da da

W (298 G zrs, ) - - 20 (A) - 2 92, 14

i (1 z+szj(d+zusa) 1-2)c' (A ztdA (14)
Inserting the Pigouvian tax rule, (12), into (1AgaisingT=t=c'(A), yields

aw
dA

=(1—z+ z%jzu’ S (15)
d'=c'(A) dA

and this shows that a Pigouvian environmental sarat optimal since it does not
internalise the effect of changing social rewandsvelfare.

Proposition 6. Pigouvian taxation as defined by (13) is too strict

Proof. The term in brackets on the right-hand sideag/dA, which is
positive (Proposition 5), amgl+ is negative. Thus, an increase in C-sector
abatemen®A, has a negative effect on welfare and this impieg the
welfare maximum is located at a lower abatemergllev

The intuition behind Proposition 6 is that tightmvironmental standards reduce
social rewards. This implies that environmental utagion should be relaxed
compared to a situation where only the environmuauntnot social norms, matter.

4.2 Optimal Environmental Regulation with One I nstrument

Given that the Pigouvian tax does not satisfy tts#-brder condition of optimality, a
better environmental policy is sought. SettitMy/dA=0 in equation (14) gives

z da z . da
'"(A)=|1+ —— |(d'+zu's,, )—-——t— 16
c'(A) ( 1—szj( z2u's,.) . (16)
If the policy instrument is a taisT=c'(A) and it follows that
T=c'(A)=d'+zus, (for D=1). (17a)
In the case of command and control witi=0,

¢(A) = (1+ éj_ﬂ(d'ﬂu s.)  (for t=T=D=0). (17b)

From (17a) and (17b), one can conclude

Proposition 7. Assume a non-discriminating environmental poliéyhe
instrument is a tax, the optimal tax rate is ldentmarginal environ-
mental damage. In the case of pure command andototite shadow
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price of emissions is positive and may be largdess than the environ-
mental damage and larger or less than the optamakite .

Proof. In equation (17a), the second term on the rightihside is un-
ambiguously negative. In equation (17b), the tiesin in brackets is pos-
itive due to condition (11). Using (11) aB&0, (17b) can be rewritten:
c'(@) - (u's? +u's,,)

c(A= c'(a)-u's,(s, + zs, ) - u'(s,y + 25w )

(d'+zu's,.)

If ssax > 0, the fraction on the left-hand side is largeantl and the
implicit price of emisions is larger than the tatedefined in (17a) and
may be larger than the environmental damaggedi< O, the fraction can
be less than 1 and the shadow price can be lesshbdax rate.

The difference between environmental taxation ahd tommand-and-control
approch is that command and control does not peowidentives that influence the
behaviour of type-S individuals directly. Thus, tlegels of optimal environmental
regulation depend on the instruments used. One moay ask which approach to
environmental policy is better under the given winstances. An answer will be
given in the next section, where two policy instants are considered.

4.3 Optimal Environmental Regulation with Two I nstruments

Given that there are two externalities in this mipdee being related to the environ-
mental problem and the other one to social norms,gdolicy instruments might be
better than one. There are two possibilities ofidgavith this. On the one hand, one
could discriminate between type-S and type-C imtlisis and implement group-
specific rules. Assume for a moment that this issgae. On the other hand, one can
design a single environmental policy consistingwad instruments that affect the two
groups in different ways. In this case, we wouldkl@t the combination of a tight
emission standard with a low emission tax, such the emission tax is of mere
symbolic nature to the C sector, but affects tHeakm®ur of type-C individuals.

In what follows, | determine an optimal tax rate fgpe-S individuals that can be
combined with an optimal (command-and-control o) t@gulation of the C sector.
The problem is to maximise social welfare, (13)}hwespect to the tax rateThus,
the first-order condition is

daw

o (d-c'(a) +u'(s, + zs, ))% =0
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with da/dt being determined by equation (7). Using the S os@&ctfirst-order
condition, equation (6"), yields

t=d'+zu's,. (18)

This is the same condition as that for the taxatbmhe C sector, equation (17a).
From this and from using (18) in (16), we have

Proposition 8. If two policy instruments can be chosen, the optima
policy is characterised by

t=T =d+zus,

and a discrimination between type-C and type-Sviddals is not
required.

Proof. The optimal regulation of the C sector for any gi&specific tax
ratet is determined by (16). Using (18) in (16) impliegA) =d'+zu's,.
This can be implemented by the tax rate derivgd &) becaus@&=c'(A).

In other words, the two policy instruments collajps® one. There is no reason to
discriminate between the S and the C sectors oétll@omy. The rationale is that
both sectors generate the same externalities: &moamental externality and a

second externality via the impact of abatementhensbcial rewards accruing to the
type-S people. In both sectors, C and S, the méxinagenerating this latter extern-
ality is the same. There is increase in the aveedg#ement effort, which is the
bechmark against which individual effort is meaduidatters would be different if

there were a direct negative effect of regulatibrine C sector on social rewards
accruing to the S sector. With such a negativereality of C abatement, the

regulation of the C sector should be relaxed coegptr that of the S sector.

From the way in which Proposition 8 has been @efivone can draw an
additional conclusion.

Proposition 9. An optimal emission tax is better than optimal cosmoeh
and control.

Proof. For any tax rate (including zero) for the S sectb8) determines

the optimal regulation of the C sector. Graduailyaducing a tax for the
S sector, we ultimately arrive at an optimum anel diptimal tax rate

equals the tax rate that would induce the C sedctahoose the same
abatement level as under command and control.
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This is a notable deviation from the standard tesiuénvironmental economics in a
competitive world, where flexible instruments andnmenand and control are
equivalent. In the present model, the impact ofroamd and control on the S sector
would only be indirect, via the change in sociavaeds induced by the change in
general abatement requirements. An instrumentdinattly influences the behaviour
of type-S individuals is a tax. Since the two sexigenerate the same externalities,
both environmentally and via social norms, theroptitax rate is the same.

5.Majority Voting

The previous section has assumed a benevoleniauéh dictator maximising a
social-welfare function in which all individuals Ve equal weights. We now look at
majority voting. Eitherz < % and type-C individuals dominate the decisionuab
environmental policy oz > % and type-S individuals decide. Assume that only
environmental policy is on the agenda and that eorscabout the distribution of the
emission tax revenue are not considered. Othenilse dominating group would
have a tax-revenue motive and would try to explb& other group via the tax
system. In the economic analysis, marginal-taxsmeeerules and Laffer-curve
arguments would turn up. To rule out these effeassume that tax revenues are
recycled as lump-sum transfers to the group pathegtaxes. Moreover, | assume
that there is only one policy instrument, equagipleed to both groups in society.

Let us first consider majority voting by type-C imiduals. Their objective
function is

WC =—(A) -d(E-a*) (19)

and the first-order condition is

o da),
C(A)—((l z)+szjd (20)

From (20), we have

Proposition 10. The optimal tax from the point of view of the C w®#ds
larger (less) than the Pigouvian tax if if tighttandards lead to more
(less) voluntary abatement of the S sector.

Proof. Note that more (less) voluntary abatement is edgmiato
da/dA>(<)1. Then compare (20) to the Pigouvian tax rd{@)=d".
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It is not surprising that the C sector does notsaer social-norms externalities
because it is not affected by them. A positive iotfgd environmental regulation on
voluntary abatement of the S sector strengthenseth@ronmental efficiency of
environmental regulation. If the marginal damaga ttan be avoided by an increase
in abatement is large, then the optimal abatenfént & large.

Finally the issue of instrument choice shall bedssed. Does the C sector prefer
taxes or command and control? The impact of a nfime command and control
towards taxes is

V\—/C = Zd% >0, (22)
dt dt

and this directly implies
Proposition 11. The C sector prefers taxes to command and control.

The underlying reason is that taxes induce the &osdo do more for the
environment without any cost to be borne by the@a.

Let us now consider majority voting by type-S indivals. The objective function
is
WS = —(a) +u(s(a,a*)) -d(E-a*) (22)

and the first-order condition turns out to be
da*
dA

where da/dA and da*/dA are determined by equations (8) and (11), respegti
Using the first-order condition, (6) to substitfite c'(a) — u's,, we have,

da_,, ., \da*
td—A—(d+usa*)dA,

(¢@-us s =(ds,)

(23)

wheret=c'(A) in the case of emission taxes and under command and control.
Thus,

d'+u's, =0 under command and control, (24a)
da/dA

d+u'sy = c under emission taxes. 24b

TG, (24b)

Interestingly, the optimal environmental regulatipom the point of view of the S
sector is independent of this sector's marginatesbent cost (although second
derivatives are contained te/dA andda*/dA). The optimal command-and-control
regulation should be designed such that the twerealities generated by the S
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sector just cancel out at the margin. In the cdsancemission tax, a wedge arises
since the tax is a real cost to the individual agehereas it is not for the voter, who
knows the rule of reimbursement. Thus, the intoii® that command and control is
better than taxes and the following consideratiarmnfirm this conjecture.
Differentiation of W? with respect td, noting thatA is constant for small tax rates
and that, thereforela*/dt = z da/dt yields

dw®

T (dd+usy)+us,-c (@)

Using (6") and (23), we have

dWP _ dedA_gtgg
dt da*/dA ~) dt

da
dt

(25)

This implies

Proposition 12. The C sector prefers command and control to taies.

optimal tax rate is zero.

Proof. Rewrite the term in brackets on the left-hand sidg5) such that

ZdwdA_l:—@—a_
da*/dA da*/dA

(negative), it welfare-improving to reduce (increpis.

Thus, if an existing tax rate is positive

The underlying rationale is that an optimal regalatjust equates the two
externalities (equation (24a)) and that taxatiafuses a wedge between the decision
rules for the individual and for the sector as @l&h

This section has shown, that the C and the Sselctwve different perceptions
on what constitutes a good environmental policypeFZ individuals like taxes
whereas type-S individuals prefer command and obritr both cases the reason is
that taxes shift the burden of cleaning up the remvnent from the C sector to the S
sector. It should be noted that this results has lmbtained under the assumption
that tax revenues are re-distributed such that &aclpayer exactly gets back what
she has paid, i.e. considerations about the rdalison of tax revenues have been
excluded by assumption.

6. Final Remarks

This paper has shown that social norms and envieoteh regulation interact in a
way that gives rise to interesting policy implicets. In particular, | find that
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command and control and flexible instruments gdeeatdferent effects even though
individuals are price takers in this model. OptireaVironmental policies differ from
the standard Pigouvian policies since social nogerserate additional externalities
that an optimal policy should take into accountthis context it is shown that taxes
are better than standards. However, when it comegolitical decision making,
status-responsive individuals would vote againsthsa policy and in favour of
command and control.

Unlike in some other models, the introduction ofets does not crowd out
voluntary abatement. On the contrary, it providesentives to increase abatement.
There exists the theoretical possibility, howevkat the converse happens, but the
resulting equilibrium is unstable and this has beeriuded by Assumption 2.

Some caveats are indicated. Firstly, | have tredtedsupply of social rewards
(or social sanctions) as exogenous to the modeither models this supply is related
to the share of people exhibiting prosocial behawitn the present model, this share
is constant, which makes sense if we think of ae€t® subject to competitive
pressure and an S sector that responds to sowiatds. Secondly, besides the un-
stable-equilibrium case, there is nothing in thisdel generating the effect that the
mere introduction of a price crowds out social nerm\s Gneezy/Rustichini
(2000a,b) have shown, however, this crwoding out loa relevant in some real-
world situations. The approach taken by Lai/Yan@i@h (2003), who assume that
the propensity to react to social sanctions or rdsvés related to the price incentive,
is not particularly satisfactory. The more receapgr by Bénabou/Tirole (2006)
shows how this can be modelled more convincinglg signalling framework and |
expect future research in the field to go into thirection. | conjecture that my result
of the superiority of taxes over command and céntiiti be challenged by such
models, but other results of this paper, in paldicthose related to social-status
externalities and imperfection of Pigouvian taxel earry over to more complex
models.
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