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Abstract

This paper aims to calculate marginal costs of funds (MCF) in the presence of an externality
with demerit properties by using a utility scaling approach. It is an extension of a model put
forward by Schroyen (2010). In the empirical section the MCF of indirect taxes in Belgium are
calculated taking into account the existence of carbon dioxide emissions as demerit externality.
The results reveal that scaling has a significant impact on switches in the ranking of the MCF.
JEL Classification D12, H21, H23.

1 Introduction

Raising an indirect tax implies a cost for society, social welfare decreases. In marginal indirect tax
reform analysis, the social welfare costs of raising one euro of tax money by increasing different
indirect tax rates are computed. These welfare costs are called marginal costs of funds (MCF).
In the optimum, the MCF of all indirect taxes must be equal, otherwise social welfare could be
increased by altering tax rates in a budget neutral fashion. The literature in this field originated
from the seminal paper of Ahmad and Stern (1984) who calculate MCF for indirect taxes in India.
In that contribution only private utility is considered in the social welfare function and externalities
are not taken into account. In subsequent studies, the model was extended to include externalities,
e.g. Schob (1996) or Mayeres and Proost (2001) who considered the effects on pollution and traffic
congestion. The externality enters the MCF expression in an additive way. In all of this literature,
the planner (government) endorses consumer sovereignty. Public and private goods are only valuable
for society to the extent that households value them. Private goods are valued using the market
price, public goods are valued using the sum of the valuations of all households. We will refer to
this literature as welfaristic.

In reality, however, governments do not always accept consumer sovereignty. Private demerit
goods such as tobacco, alcohol or hard drugs are valued too highly by the households. Governments
aim to discourage, restrict or even forbid the consumption of these commodities'. The most common
demerit arguments in the literature are uncertainty, irrational preferences, information deficiency
(myopia, ignorance...) and the assertion that human beings are in fact split personalities: on the
one hand they have ‘market preferences’ and on the other hand they have ‘ethical preferences’
(see Mazzanti (2002) and Ver Eecke (2003)) that do not necessarily coincide. When deciding upon
consumption, individuals use their market preferences, but when they reflect upon their deeds, their
ethical principles come up so they might disapprove of their behaviour.

0T would like to thank Dirk Van de gaer for constructive comments on preliminary versions of this paper and Brent
Bleys and An-Sofie Cottyn, two of my colleagues, for making linguistic suggestions and corrections.

TMusgrave (1959) was the first to define the concept of a (de)merit good. Merit and demerit goods are goods for
which the preference of the planner differs from the preference of the households. The planner attributes a higher
value than the household(s) to merit goods and a lower value to demerit goods.



In these instances the social welfare function cannot be simply based on private utility alone but
has to be adapted in some way. In a number of recent contributions (Schroyen 2005 and 2010) MCF
expressions for indirect taxes have been derived for a situation in which there is a private commodity
with demerit properties.

We aim to extend Schroyen’s model to include externalities with demerit properties. In this
case the planner has to make two separate corrections: he needs to correct the MCF both for
the externality problem and for the demerit problem. The first one is a welfaristic correction,
the second one is a non-welfaristic correction. Note that in both cases the planner disagrees with
the household: regarding the valuation of a commodity causing an externality and regarding the
valuation of a commodity causing an externality with demerit properties. There is however an
important distinction between the two. In the case of an externality, the households suffering
the externality are perfectly aware of the fact that they are suffering it. Consequently the planner
intervenes only insofar as other households are affected. When the externality has demerit properties,
households are insufficiently aware of the bad consequences of the externality and the planner acts
as if the household is at a lower utility level than it considers itself to be at.? Below we show that
the combination of an externality and a demerit argument poses specific challenges because the
household’s valuation (willingness to pay) for a commodity needs to be adapted twice. Furthermore,
there is an interaction between the two corrections. This adapted willingness to pay expression is
then used in the MCF formulae.

We apply the theory to carbon dioxide emissions as a demerit externality because it seems that
governments disagree with households on its value. Governments might feel the ethical obligation
to take measures now to avoid very bad consequences for future generations®. Households from
their side may support this kind of policy because of the split personality argument: consumption
decisions, causing emission of carbon dioxide, are based on market preferences. When the household
reflects upon these decisions, its ethical principles come up? and it might regret its behaviour because
it feels it could have emitted less. So it can be argued that observed household (market) preferences
are mistaken. Households don’t value the impact of their behaviour on the externality correctly
because some consequences (e.g. for future generations) of their consumption decisions are not
taken into account adequately.

In the next section we show formally how the planner’s valuation of a commodity differs from
the household’s valuation. Based on this, the implications for the calculation of the MCF of indirect
taxation are analysed. In the third section of the paper we apply the framework to Belgian indirect
taxes in the presence of carbon dioxide emissions. The fourth section concludes.

2 The model

2.1 Notation and household behaviour

Assume there are M commodities and an externality (F). Each household h, h = 1,...,n, consumes
a commodity vector z" € RY 2" = [z}, .. 2k/]. The typical element of z" is x? € R, and
x; € R is the vector of consumption of commodity j by all households, x; = [le, e x;‘] Finally,
T € Rﬂ\f” is the M x n dimensional matrix of commodity consumption by all households. The
externality F is created by total household consumption of commodities: FE (z) : R{\f" — Ry.
Household h has a quasi-concave utility function " (xh; E) : Rf x Ry — R. The after tax price
of commodity j is ¢; and p; is the pre tax price of commodity j; ¢; is the tax on commodity j, so

¢ =pj +1t; (gj,p; € Ri‘_/f and t; € RM). The vector ¢ = [q1,...,qu] is the vector of commodity

2In the case of an externality, after the planner’s intervention to solve the externality problem, society is better off
(but there may be winners and losers because of the intervention). When the externality has demerit properties, after
the planner’s intervention to solve the demerit problem, the consequence may well be that every household’s utility
level decreases.

3 A non-welfaristic uses a lower discount rate for future households’ utilities than a welfarstic planner.

4The household might want to protect future generations, it is in favour of a low discount rate for future generations’
utilities.



prices. Household h’s normalized price (price relative to income) of commodity j is W? = mﬂh with

m™ the amount of income household h has at its disposal. The vector 7" is household h’s vector of
normalized commodity prices; 7" = [}

7, ..., m%]. Household h’s Marshallian demand for commodity
Jis a] (q, h. E) or, written differently, x (7T 1; E)
Each household solves the following problem

M
h( h h, h
Max u” (z"; E) s.t. Zﬂ'jxj =1. (1)
j=1
It decides upon the amount of private commodities it consumes, taking into account the impact of
its decisions on E. The first order conditions can be written as

auh’(xh;E) T auh’(ach;E) Yo

h 61 oFE 81}h .
T = ZM 8uh(mh E) h—i—ZM our(z"E) 9F ;[;h Vl—l,...7M. (2)
j=1 ax OF ax

The right hand side of this expression measures household h’s normalized willingness to pay for a
unit of commodity i, it is the household’s valuation of a” relative to its income. The numerator is
the household’s marginal utility of consumption of commodity i. The denominator is the sum of the
marginal utilities of each commodity multiplied by the consumed amount of each commodity, this
is the impact on household h’s utility of a percentage increase of all consumed commodities. It is a
measure for the marginal utility of an extra percent of income® and in the rest of the paper we will
refer to it as such. Notice that in expression (2) the household takes into account the impact of its
consumption on F only on its own utility, not the impact on others.

The planner does not agree with this valuation for two reasons. First of all, the planner aims
to maximize social welfare, not just individual h’s welfare. To the extent that individual h’s be-
haviour influences other households’ utilities, the formula needs to be adapted. This is the standard
welfaristic externality correction (see e.g. Pigou (1947) or Cornes and Sandler (1996)). The second
correction has to do with demerit externality arguments. Each of these corrections influences the
willingness to pay expressions. We analyse them one by one.

First, when the planner takes into account the externality, he maximizes

M

:Zx\huh(x; s.t. Zﬂ'?h?—l Y h,
h=1

with A" a welfare weight for household h; A" > 0V h. This yields first order conditions

AhM_"Z? Al@u ah
7t (2 E) = L~ 08 On YV bV i 3)

h~M  9uh zh loul OF h’
A ijlax +ZJ PP OF 9aT"

This expression measures the social valuation of the consumption of one unit of ! (taking into
account the externality). The numerator of the expression is the social marginal utility of the
consumption of !, measuring how much social welfare increases when household h consumes an
extra unit of commodity ¢. The denominator measures the impact on social welfare W if there is a
percentage increase of household A’s income. In this sense weh measures the social valuation of x?
relative to giving individual h one more percent of income. Observe that both the numerator and
the denominator contain welfare weights and other households’ utilities, through the impact via E.
For this reason 7¢" differs from 7? (see expression (B5) in appendix B). Notice that in expression
(3) the planner only corrects for the externality, demerit arguments are not yet included.

5This is shown in footnote 28 in appendix C.



The second correction the planner performs has to do with public demerit arguments. In this
case household welfare is not perceived in the same way by the government as by the household®.
Assume the planner evaluates household h’s situation with other preferences:

uPh (xh;E) . (4)

For this function it holds that uP" (a:h; E) : ]R{\f[ x Ry — R. In the next section this expression will
be used in the social welfare function instead of u” (a:h; E) As a result the planner corrects the
social normalized willingness to pay (wfh) for commodities a second time, this is the non-welfaristic
correction. In the next section the social willingness to pay for the consumption of commodity ¢
by household h (called 7 eh) will be derived taking into account both externalities and demerit
arguments.

2.2 Derivation of the social willingness to pay

In order to be able to derive the social normalized willingness to pay expression, we first postulate a
formal relationship between u?" (xh; E) and u" (wh; E) One approach to take into account demerit
arguments has been formalized by Schroyen (see Schroyen (2005) and Schroyen (2010)), for a private
(de)merit good. In order to incorporate demerit arguments, he proposes a scaling approach to

commodity consumption. He uses the distance function d" (xh,m; E) : Rf x Rx Ry — Ry (see
Deaton and Muellbauer (1980)), which is implicitly defined by

zh ' E =
' dh(:ch,ﬁ;E)’dh(xh,E;E) = ®)

u

The distance d" (xh, uh; E) is the amount by which private consumption and F need to be scaled to
reach a reference utility level uh. If zM and E happen to be on the indifference curve corresponding to

E, d" (wh,m; E) = 1. The distance d" (xh,m; E) is a cardinal measure of household h’s utility”.

The planner disagrees with the amount d” (azh,ﬁ; E) because of demerit arguments. He believes
that, in order to reach the reference utility level, commodity consumption and E need to be scaled
by a different amount dP" (a:h,ﬁ; E) : Ri‘_/f x R xRy — R;. As Schroyen, we assume that the

planner uses the following formal relationship between d” (a:h,ﬁ; E) and dP (a:h,ﬁ; E):
art (xh,m; E) =d" (mh,m; E) + ek, (6)

with e < 0 a public demerit parameter for the externality®, it has the dimension of a normalized
price (a price relative to income). It measures how much the household should value one unit of
externality E as a percentage of income, up and above its private valuation. Now it can be shown’

60Observe that in wfh, the planner respects household preferences, he only solves the externality problem that the
households didn’t take into account when deciding upon consumption.

"For a public bad, the indifference curves have a positive slope. This implies that the distance need not be uniquely
defined. We use the distance with respect to the point of the indifference curve closest to the origin.

8We assume that e is a constant, meaning that the preference for the first unit of commodity F is equally mistaken
as the preference for the last unit. It is a negative value because E has demerit properties.

9First define uP" as

h

uPh z" : E = uh,
drh (:ch,uih; E) " dph (xh,uih; E)




that the formal relationship between u" and u” is

uph(xh;E) _ uh( zh E )

1—cE 1—cE
- uh(ah;E) (7)
o ~ FE
ith 2" = dE= .
wikh @ 1—6E8Ln 1—eF

This is the counterpart of expression (8) in Schroyen (2010) on page 46. The planner evaluates
the household at a different (lower) utility level because there are demerit arguments which the
household does not take into account.

Now we return to the social welfare function. The planner maximizes

W (z;E) = Z)\huph(:zrh;E)
h=1

= Z)\huh (fh;E) ,
h=1
which leads to the following problem

n M
Max 3 Ao (@h;E) st S wet = 1 Vh,
h=1 j=1

The first order conditions of this problem are:

Ah M Ouh(fih;ﬁ) 352 I Buh(ih;ﬁ) o9F
k=1 652’ 81}? OF ozl

A (3 (e), Be) = il
)
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] SR eI

k=1 "oz} oah"] oB o]

n 1 M 8ul(51;E) ozt n laul(fil;ﬁ) o9F
LNy M Qe \EE) om e 10w (T F)
>FE0 il >

652 61?’ oOF 81}? )
+ — MA VA, Vi (8)
ZM Zn )\l M Ou (I ;E) ozt h 4 Ou (I ?E) OE ,.h
j=1 £ul=1 k=1"083,  o9zl"j oE 0zl

This is the social valuation of x? relative to giving household h an extra percentage of income, taking
into account both the externality and the demerit arguments. Formally, the expression resembles
expression (3). Again the numerator measures the social marginal utility of the consumption of z!.
Observe that it has three parts: a private part, only for household h (the household consuming the
commodity) in the first line of the expression and two parts in the second line of the expression taking

If dph (mh,uT; E) =1, uP" = uP. Now use expressions (5) and (6) to get

o zh ) E e
drh (:ch,u_h; E) —eE drh (xh,u_h; E) —ee)

which implies that

uPh zh ) E ot zh ) E '
drh (:ch, uh; E) drh (:ch, uh; E) drh (:ch, uh; E) —eE drh (:ch, uh; E) —eE
If this expression is evaluated at dP™ (mh,u_h; E) = 1 (this means that the planner evaluates the household at the

bundle he is actually consuming) we get the required expression.



into account the impact on other households (via E). The first of these terms takes into account
the (indirect) effect of 2/ on Z!, an effect via E in the denominator of Z. The last term takes into
account both the direct effect on the utility levels of other households via £ and an indirect effect
for all households via E in the denominator of F. The denominator of the expression measures
the marginal social utility of a one percent increase in all commodities consumed by household h,
as such it is a measure of the social value of giving the household an extra percent of income. In
both numerator and denominator, externalities and demerit arguments are taken into account. The
externality is taken into account by the inclusion of other households [ in the expression (compare
with expressions (2) and (3)). The demerit considerations enter because ' and E are used instead

of 2! and E. If e = 0 we are in the welfaristic case, (’x\l; E) = (#%; E) Vi. In this case WfEh is equal
to wfh.
In appendix A we approximate 7% ch using a first order Taylor expansion. This yields expression

(A31) for the social normalized valuation of %, repeated here for convenience:

7

A (3(e), Be) s (1+ e (B - E"")) + e%bh +5"eE, )

an expression in which a number of new parameters come up. First remember that in 7¢" the
externality is included, so the expression only shows how the planner’s valuation changes when the
demerit arguments are taken into account. The term aaTEEL is the impact on the externality of the
consumption of z!' and E" is the total amount of externality household h causes'®. Parameter b"
is the ratio of the impact on social welfare of a percentage increase in all households’ incomes and
the impact on social welfare of a percentage increase in household h’s income (see expression (A29)
in appendix A). It measures the percentage of income for household h the planner is willing to give
up for a percentage increase in all households’ incomes.!* The parameter s$* is a scale parameter
measuring how the household’s normalized willingness to pay changes when the household is put on
a different utility level.

Expression (9) consists of three parts. In the first part, wfh is multiplied with (1 +e (E — Ehbh))
measuring the socially relevant fraction of income to be evaluated by household k.'2 All normalized
demand prices of household h have to be scaled with this amount. The part eF measures how
much the households should value the demerit aspect of E. The term eE" measures how much
all households suffer the demerit impact of the amount of externality created by household h (as
a percentage of their incomes), so e E"b" measures which percentage of income of household 4 the
planner is willing to give up for a percentage of income eE" for everybody. It is the value of the
total demerit impact on others of household h’s externality, expressed in a percentage of income of
household h.13

The second term in expression (9) is e%bh, a term that takes into account the demerit impact

of the consumption of % for all households, translated into a percentage of income of household h.
The part e% measures how every household suffers the demerit effect of the consumption of unit

0Formally E" = ;Vil (?T]ix?’ this is definition (A14) in appendix A.

HWe are dealing with externalities, decisions of one household influence other households’ utilities. In this paper,
these influences are expressed as percentages of income of the households suffering them. As such b” is an important
term because it translates percentages of income for all other households into a percentage of income for household
h, in this sense b" is the link between household h and all other households.

12The amount of demerit externality the household suffers that is not caused by itself is measured here as E — E"bh.
It can be seen as a (negative) percentage of income given to the household: e (E - Ehbh). This is consistent with the
theory on public good provision (Cornes and Sandler 1996) (see also appendix A above expression (A24)).

Observe that if household h is the only household in the world (the externality only affects household h and
there is no other E than the one caused by household h), then b = 1 and E = E"; expression (9) reduces to

erh (55 (e), E (e)) ~meh -l-e(;;;—h:1 + s¢eE. This expression is similar to Schroyen’s expression for the private (de)merit
i

good.
13Notice that the part E — E"b" is a measure for the amount of externality realized abroad.



z! (as a percentage of their income), so e

3

9E
81}?
these first two terms as the ‘direct’ correction.

The third term in the expression, sfheE , has to do with the scale effect'?. The part eE measures
how much preferences are mistaken due to demerit aspects, how far the planner evaluates the
household to be from its consumed bundle (in percent of income). Below we will refer to this term
as the ‘scale’ correction. Remark that if e = 0, then 7% eh — 7¢h and we are in the welfaristic case.
Notice that 7¢" is unobservable, so in order to use expression (9) we need a relationship between

7l and 7¢". Using expression (B5) from appendix B we find:

OF
ozl

more income for everyone. In what follows, we will refer to

b" measures which percentage of income of household

h the planner wants to give up for e

oF

h

wfh = W?)\ ’yh + (H% - w%) e
&2

A number of new parameters are introduced in this expression. First there is the parameter ",

the ratio of household hA’s marginal utility of income from the household’s and from the planner’s

point of view!. Second the planner takes into account (IIy —7%%) %, the welfaristic externality

correction. The parameter H% is the ratio of the impact on social welfare of an increase in E (for
all households) and the impact on social welfare of a percentage increase in household h’s income
(see expression (B3) in appendix B). As such it measures the planner’s marginal rate of substitution
between E and household A’s income, it is the percentage of household A’s income the planner wants
to give up for an extra unit of E. The parameter /4 is the ratio of the impact only for household h’s
utility of an increase in F (multiplied by /\h) and the impact on social welfare of a percent increase
in household h’s income, see expression (B4) in appendix B. It holds that > _, 7% = I1%.1¢

Expression (9) can now be written as (assuming A" = 1 for simplicity)

#(30.B@) ~ [m+ 5 (=) | (e (£ 29)
+e%bh + sfheE. (10)

pe
4

This establishes the formal relationship between 77" and mh.

2.3 Derivation of the Marginal Costs of Funds

Using the expressions derived above the marginal cost of funds formulae can be calculated. Let W ()
be social welfare, depending on the planner’s valuation of household welfare and R the planner’s
revenue constraint (R is exogenous revenue, e.g. from income taxation), then

h=1
n
h = ~
= S Ayt (xh (t),E), (11)
h=1
and
M n
R=R+>_ > tal, (12)
i=1 h=1
MThe scale effects satisfy the condition Zf\il sfhmi? = —1 so it can be checked that Zf\il erhm? = 1, the

normalized demand prices satisfy the adding-up condition. The three corrections due to demerit arguments are
interrelated, they influence the normalized willingness to pay in such a way that the adding-up condition is satisfied.
15 This is the ratio of the denominators of expressions (2) and (3).

16Note that in expression (B5) W% is subtracted in order to avoid double counting. It is assumed that the household

h

takes into account the impact of its own behaviour on itself, so it is already present in ;.



where t; is the indirect tax rate on commodity 4 and A is the welfare weight the planner attaches to
household h. The planner maximizes W (¢) such that the revenue constraint is satisfied. As usual,
the marginal cost of funds is

ow.
MCF, = -394 (13)
ot;

It measures the marginal impact on social welfare of raising additional revenue by increasing the tax

on commodity ¢. First we calculate BR Note that we assume horizontal supply curves, resulting in
h
fixed producer prices; %% = 6—(}; Vi, 7, h

9 n , M n
5 = 2% DI Par

h=1 j=1h=1

Now we multiply with ¢g; and transform derivates into elasticities.

o zx WY Lyateh, (1)

j=1h=1 £

oz g

K2

Wheresg»‘i = L=

Oq; zh

The numerator of the marginal cost of funds formula is

8uh (Ah (t); E)

Z

In appendix C it is shown that from this, it follows that

AW (t)

= —ZAhDh (Ah E()) (1+e(E—Ehbh))igi (15)

m

-i-ZBh (E(e),E( )) (L+e(E—E"")) (T} — %) +eb”) er ehal

n M
+ Z A ph (fh (e),E (e)) eE Z J?hsé-liﬂ'?:r?
h=1 j=1
n M
+> B (a? (e),E (e)) ¢E (I — ) 3" othelirliq;at. (16)
J=1

h=1

The terms D" (Eh (0),E (O)) and B" (5(0) E (O)) are the denominators of expressions (2) and

(3) respectively. They measure household h’s individual and social marginal utility of one percent
of income respectively and play an important role in expression (15). The first line of the expres-

h .
sion contains budget share x;ﬁ’, a term that appears in every MCF analysis. This budget share

is corrected by two terms. First it is weighted by A"D" (5?" (e),E(e)), a term that is the com-

bination of individual h’s marginal utility of income and a welfare weight. Second it is corrected
by the term e (E — Ehbh)7 a term taking into account the amount of externality realized abroad



(see expressions (9) and (10)). The second line measures the impact via the externality, weighted
by B" (% (e) E (e)). The part eb” is the demerit valuation for E, for all households, translated

into an income share of household h. The part e (E — Ehbh) measures how all household h’s nor-
malized demand prices need to be adapted due to the amount of externality realized abroad. The
term Z =1 ] ﬂx] g; measures how much E increases due to a change in ¢;. We will refer to the
terms depending on e in the first two lines as the ‘direct’ effect of the incorporation of the demerit
arguments.

The third and the fourth line in the expression measure the scale effect, taking into account how
much the valuation of commodities changes when the households are evaluated at a dlfferent utility
level. The amount by which preferences are mistaken is measured by eE. The part Z =1 oe’LsZw?xh
measures how the tax increase influences the normalized demand prices of all commodities. This type
of scaling term also appears in the work of Schroyen. We will refer to the terms depending on aeh
as the ‘scale’ effect of the incorporation of the demerit arguments.

Remark that, if e = 0 we are in the welfaristic case. The numerator of the M CF; expression

becomes

8g;ft)qi:—}é)\hDh(§h 0), E ) ( ()) Hh _7TE Zrh ;11 ?q],

(17)

~ ho
a combination of a private part \'D" (Ah (0),E (O)) % and an externality part depending on

(IT% — 7). The only difference with the marginal cost of funds expressions in Schéb (1996) and
Mayeres and Proost (2001) is the way household utilities are weighted; in our work the weight for the

private part, A" D" (Eh (0), E (O)), differs from the weights in the externality part, B" (’:1? (0), E (0))
Using expressions (13), (14) and (16), the marginal cost of funds can be calculated.

3 Empirical application

3.1 The data

We calculate the marginal costs of funds for the indirect taxes on 13 commodities (in Belgium) in
order to illustrate how the model works. We rely on data from the 2004 budget survey. There are 10
household income categories and there are on average 2,33 individuals per household, which means
that every income decile in Belgium consists of roughly 450.000 households. In appendix D some
information on the data is provided. The household budget survey provides information on budget

shares (= q’) spent on each of the 13 commodities. Information on IT% and 7% is based on the value
of one tonne of carbon dioxide on the global level, i.e. 20 euro per tonne. The willingness to pay for
Belgian households is calculated based on the assumption that the income elasticity of this valuation
equals 1. This amounts to an average value of 0,5 eurocents per decile. The information on indirect
tax rates is based on the COICOP classification, for 974 commodities aggregated into 13 commodity
categories.

The information on price and scale elasticities is derived from the estimation of an almost
ideal demand system!” (see e.g. Deaton and Muellbauer (1980) and Decoster and Schokkaert
(1990)) while the welfare weights are determined using the formula put forward by Ahmad &

v
Stern : A" = (2—;) , with v > 0 a measure of inequality aversion. For simplicity, we calculate

D" (ah (e),E(e)) as D" (ah (0),E(0)) and B" (f(e),E (e)) as B" (a? 0),E (0)) in appendix C

17We use national accounts data and price data for 53 years (1954 - 2006). When estimating the demand system, the
compensated own price elasticities of 3 commodity categories (commodities clothing & shoes, gas and fuels) appeared
to be positive. This is inconsistent with demand theory, so 3 extra constraints have been added to the demand system,
setting these three compensated demand elasticities equal to 0.



under the assumption that the marginal utility of one percent of income equals one.'® This implies
that D" (f;h (0),E (0)) — m" and B (3? (0),E (e)) = N'mh +Eh SSjy 'l (inchuding the impact
Ti, B'(2(0),E©) | T, ming (B, B
B (%(0),E(0)) B (3(0),E(0))
on the impact of commodity consumption on the externality (r;l) is calculated from input-output
analysis based on data from Belgostat (National Bank of Belgium). Based on this and the amount of
carbon dioxide per sector we can calculate emissions of COy per household (E"). For total emissions
E we use world emissions of CO5 instead of Belgian emissions!?.

We will perform sensitivity analysis using different values of e. The IPCC calculations are based
on damage estimates for a tonne of COy between 6 euro and 400 euro, so this will be the range for
our simulations. We make two simplifying assumptions: first we assume that there is no difference
between the price and cross price elasticities over households, so a;?i = €5 Vh,1,j and second we

on other households’ utilities). It follows that b" = + . Data

assume that r;? = r; Vj, h, the externality impact of the consumption of a commodity is the same

for all households.

3.2 Results

The results are shown in tables 1a and 1b below in which the contribution of each component of the
MCF is shown. The parameter of inequality aversion v is taken to be equal to one?°. The parameter
e is varied so as to reflect the differences in valuations, simulations are performed with values of e
as a multiple of the average value of a tonne of carbon dioxide in Belgium (7g), between 0 and 20
times 7.2 This entails a number of rank switches that we will focus on.

When e = 0 (on the left side of the table), we are in the welfaristic case (base case scenario). The
second column in table 1a provides the MCF as calculated based on expression (16). Numerically
only the part due to Ahmad and Stern plays a role because all terms incorporating the welfaristic
externality (the second part in expression (17)) are close to 0. This implies that the externality
does not matter much for a planner with welfaristic principles. Moving to the right in the table,
demerit arguments start to play a role. For each value of e there are four columns: each first and
second column provide the ranking of commodities and their marginal costs of funds (columns ‘rank’
and ‘MCF’ respectively). Each third and fourth column (labelled ‘direct’ and ‘scale’ respectively)
provides information on the impact of the demerit arguments. The column MCF is the sum of
the MCF due to Ahmad and Stern and the numbers in the columns ‘direct’ and ‘scale’. Each
third column contains information on the direct impact on the MCF because of demerit externality
arguments. These terms are mainly due to the term e (E — Ehbh) in the first two lines of expression
(15). It measures how the amount of externality caused abroad influences all normalized demand
prices, E — E"b" is a measure for amount of externality that is caused abroad, multiplied with e
it becomes a (negative) budget share. Consequently the column ‘direct’ could be split up in two
parts: one part due to the fact that the planner takes into account this amount of negative income
and one part eb”, as can be seen in expression (9). The latter part is numerically small compared
with the former?2. The terms in each third column are negative due to the fact that e (E — Ehbh)

18 Alternatively one could approximate D™ (%h (e), E (e)) and B (EE (e), E (e)) using a first order
Taylor expansion around D™ (%h (0) E (0)) and B! (EE (0), E (0)) This yields D" (%h (0) E (0)) +
g N ~ P = ~ = ~
e (ESD’ + Eh (Dh (xh (0), E(O)) + 2 (p - Eh)>> and Bh (x (e), E(e)) ~ B (:c (0), E(O)) +
e (Eth +E"B (5(0),@(0))) respectively with sP" and sB" the scale elasticities of marginal utility of in-

come and B (EE (0), E (0)) as defined in appendix A.

Yp >3 | Eh

20This implies weights between 1 (for the poorest household) and 0.25 (for the richest household). We performed
sensitivity analysis with values of v between 0 and 2 but the impact on the results was not significant.

21'When e is in the range we use, it implies that eF is between 0 and —0.205, so 1 —eF is between 1 and 1.205. The
planner considers the household then to be 20.5% worse off.

22This observation is due to two reasons, first of all our choice of carbon dioxide emissions as externality. In this
case each household is small compared to the total amount of externality. Things would be different if there was
one household realizing all externality and the others suffering it (or, more in general for an externality where there
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is negative. Each fourth column provides information on the scaling part. The numbers in this
column depend on the sign of the scale elasticities (see appendix D for numerical values). These
terms are due to the fact that the households are evaluated at a different (lower) utility level than
they consider themselves to be at.

Each step to the right in the table brings switches in ranking with it. The numbers for the MCF
in each second column are the sum of the MCF of the base case (on the left side of the table) and
the numbers in each third and fourth column. The rank correlation between the Ahmad and Stern
terms and the MCF incorporating demerit arguments decrease in each step?>.

Table 1a:

e=20 e=4mg e=8mg

comm. MCF | rank MCF direct scale comm. MCF direct scale

FU 0.776 | FU 0.743 -0.032 0.000 | FU 0.711 -0.063 -0.001
CP 0.718 | CP 0.712 -0.029 0.023 | CP 0.706 -0.059 0.047
AT 0.696 | AT 0.685 -0.028 0.018 | MF 0.703 -0.051 0.125
CU 0.634 | MF  0.666 -0.026 0.063 | AT 0.675 -0.057 0.036
MF 0.629 | RW  0.596 -0.023 0.057 | RW 0.630 -0.046 0.113
EL 0.627 | CU 0.566 -0.026 -0.042 | CL 0.574 -0.043 0.088
DU 0.578 | GA  0.560 -0.023 0.030 | GA 0.568 -0.045 0.060
RW 0.563 | DU  0.559 -0.024 0.005 | DU 0.541 -0.047 0.010

GA 0.552 | CL 0.552 -0.022 0.044 | SE 0.516 -0.042 0.040

CL 0.529 | EL 0.550 -0.026 -0.052 | CU 0.498 -0.052 -0.084

SE 0.518 | SE 0.517 -0.021 0.020 | EL 0.472 -0.051 -0.104

FB 0.408 | PT 0.407 -0.014 0.075 | PT 0.468 -0.028 0.150

PT 0.346 | FB 0.383 -0.017 -0.009 | FB 0.357 -0.033 -0.018
Table 1b:

e=12mg e=207mg

comm. MCF direct scale comm. MCF direct scale

MF 0.740 -0.077 0.188 | MF 0.814 -0.128 0.313
CP 0.700 -0.088 0.070 | RW 0.731 -0.115 0.283
FU 0.679 -0.095 -0.001 | CP 0.688 -0.146 0.117
AT 0.664 -0.085 0.054 | PT 0.650 -0.071 0.375
RwW 0.664 -0.069 0.170 | AT 0.643 -0.142 0.089
CL 0.596 -0.065 0.131 | CL 0.640 -0.108 0.219
GA 0.575 -0.068 0.091 | FU 0.615 -0.158 -0.002
PT 0.529 -0.042 0.225 | GA 0.591 -0.113 0.151

DU 0.522 -0.071 0.015 | SE 0.513 -0.106 0.100
SE 0.515 -0.063 0.060 | DU 0.485 -0.118 0.025
CU 0.430 -0.078 -0.126 | CU 0.295 -0.129 -0.209
EL 0.394 -0.077 -0.157 | FB 0.279 -0.083 -0.046
FB 0.331 -0.050 -0.027 | EL 0.238 -0.128 -0.261

Now we take a closer look at the commodities for which there are rank switches. Basically there
are three types of commodities. First of all there are 5 commodities for which the rankings are not
influenced much by the incorporation of demerit externality arguments: car purchase (CP), alcohol
& tobacco (AT), gas (GA), services (SE) and food and beverage (FB).2* Second, there are four
commodities the rankings of which decrease when e goes up: fuels (FU), car use (CU), electricity

are ‘emitting’ and ‘suffering’ households). The second reason is the fact that only households living in the planner’s
jurisdiction are taken into account in the social welfare function. If also households living abroad are taken into
account, the term b" increases because more households are affected.

23For a value of e = 4wy the rank correlation is 0.90, for e = 87 the rank correlation is 0.72, for e = 127 g the
rank correlation is 0.54, for e = 207w g the rank correlation is 0.17.

24Notice that for all these commodities (except food & beverage) the values in the columns ‘direct’ and ‘scale’ cancel
out more or less.
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(EL) and to a lesser extent durables (DU). Third there are 4 commodities the ranking of which
increases: public transport (PT), clothing & shoes (CL), meat & fish (MF) and rent & water (RW).

These rank switches are due to a combination of the direct impact of the demerit externality
(column ’direct’) and the part due to scaling (column ’scale’). In general the numbers in these
columns are about the same size in absolute value, so the incorporation of the direct effect of the
demerit externality is numerically equally important as the impact of scaling. The real reason for
the rank switches, however, is scaling?®.

In the four right-most columns (where e = 207%.) it can be seen that the commodities with a
negative value in the column ‘scale’ rank lowest, the commodities with a (large) positive value in this
column rank highest. The rank correlation between the marginal cost of funds in this case and the
numbers in the fourth column is 84%. One exception on this observation is the commodity fuels, for
which the scaling part is numerically close to 0. All rank switches for this commodity are due to the
direct effect of the incorporation of demerit externality arguments. The rank correlation between
the MCF and the numbers in the third column is considerably lower (10%). Consider for example
the commodities with the highest numbers in the column ‘direct’ (alcohol & tobacco, car purchase
and fuels). Even for the highest values of e, these commodities’ rankings are quite high, stimulating
a decrease in tax rates, not an increase. On the other hand, commodities with low numbers in the
column ‘direct’ (e.g. food & beverage) do not necessarily rank high.

The four commodities the ranking of which decreases all have a link with energy consumption
(except durables). The rank switches are due to the fact that households’ valuations of energy
related consumption increase when they get richer (see appendix D). The scale elasticity of e.g. car
use is positive, when the household is evaluated at a lower utility level, it values car use less. A
tax increase on car use has, in the eyes of the planner, a lower impact on social welfare so its MCF
decreases as e increases. The same holds for the commodities for which the ranking increases. These
are commodities for which the households’ willingness to pay decreases when they get richer. Take
for example meat and fish which has a positive scale elasticity. When the household is evaluated at
a lower utility level, it values meat and fish higher. Consequently a tax increase on this commodity
has, from the point of view of the planner, a bigger impact on social welfare so the MCF increases
as e increases. This implies that the incorporation of CO5 as demerit externality stimulates the
planner to put a higher tax on commodities for which the normalized willingness to pay increases
when households get richer, and a lower tax on commodities for which the (normalized) willingness
to pay decreases when individuals get richer?S.

A revenue neutral welfare increasing tax reform could consist of a decrease of the tax rates of
meat & fish, rent & water and car purchase combined with an increase of the tax rates on electricity,
car use and food & beverage. Remark that this type of tax reform does not necessarily imply a
decrease in carbon dioxide emissions because the rankings are mostly based on scaling, not on the
impact on E. One could think of a reform that combines an increase in social welfare and a decrease
in carbon dioxide emissions. Then one would increase the indirect tax on commodities with a low
MCF and a big impact on CO2 and decrease the indirect tax on commodities with a high MCF and
a small impact on COs.

4 Conclusion

In this paper we have shown how the existence of externalities with demerit properties might influ-
ence the planner’s indirect tax decisions. The problem is more complex than the incorporation of
private demerit considerations because the planner’s valuation of household consumption needs to
be adapted both for the externality and for demerit reasons. The demerit correction in turn can
be split in two parts: a ‘direct’ correction of the incorporation of demerit arguments and a ‘scale’
correction because the planner evaluates the households at a different utility level than they them-
selves considers to be at. The complicating feature of the model is the fact that one household’s

25Due to the fact that households are evaluated at a different utility level, their marginal rate of substitution between
commodities changes.

26In our empirical application the scale elasticities of energy related commodities are positive. This might be more
a coincidence than a rule.
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consumption influences other households’ utilities via the externality, so a number of parameters
that link utilities of different households enter the expressions.

In the empirical section we used carbon dioxide emissions as externality. When this commodity
is considered only as an externality, no rank switches of the marginal cost of funds are realized.
Only when demerit considerations are taken into account the MCF rankings switch. These rank
switches are not so much due to the fact that the consumption of some commodities has a bigger
impact on the externality, but to the fact that, due to demerit arguments, the planner evaluates
the households at a different (lower) utility level. The results suggest that the planner should put a
higher (lower) tax on commodities for which the households’ willingness to pay increases (decreases)
when income rises. More specifically, as the planner evaluates the households further away from the
utility level they consider themselves to be at, the MCF rankings of car use, durables, fuels and
electricity decrease, and the MCF rankings of meat & fish, clothing & shoes and rent & water and
public transport increase.

A weakness of the current empirical application is the fact that rather broadly defined com-
modities are used. It may be an interesting exercise to disaggregate commodity categories based on
carbon intensity and to differentiate tax rates between them. For example if fruit and vegetables are
transported over long distances, this has considerable impact on the CO; intensity of these foods.
Due to limited data availability we are not able to perform this exercise, this might be a subject for
future research. The model could also be applied to different types of externalities.
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APPENDIX A: derivation of the planner’s marginal willingness to pay for private
goods and the externality.

Derivation of WTP expressions
We start from the following identity (see expression (7)):

h h E
phi(ph. BY — b L o Ly
Y (x, ) Y 1l—eE’ " '1—eE’ T '1—¢eE
— (;@h;E). (A1)

The normalized marginal social willingness to pay for individual A’s consumption of commodity
i, including externalities and demerit externality arguments, is given in expression (8) (observe that
the expression is slightly rewritten):

Bul(w ) 61 l(?u (mL;E) S9E
~ 27:1 A 2{:1 5 ok +Zl 1 T 8E 9zl
= r0.70) e v tr il
1 M u z;E ozt h ul (2 B 9E _h
Z 121 A < ol oot o W?Ij>

This expression consists of a part that has to do with household consumption and a part that
has to do with the externality. The numerator is

n (a1 ~
t (z10.B00) = (3 2 (2E)on 2B o a2

k=1 k A i

and the denominator is

R R M n M oul (24 E o7 ou xl;E oF
B! ( (@,E(e))_;;x > (S% )3—?? gE )@x? L (A9

so expression (A2) can be written as

A (#(0), B () = (A5)

B" (3(e).E(e))

We want to know how this expression behaves for different values of e, so we linearize expression
(A5) around 77" (x (0),E (0)) to get expression (A6):

Peh( e)

Al (3 ( >,E<o>)
= (A6)
Bl (5(0) B (0))
. ) HA (E(e),E(e)) oA (:’E(O),E(O)) aB" (E(e),E(e))
B" (3(0), E(0)) oc =0 (B (300).E0)) oc =0




First we derive expressions for A? (%(e),E(e)) and B" (E (e) ,E’(e)) in order to calculate

04! (3(e),E(e)) oB" (#(e),E(e))
el d — 5 ——

e=0"

Derivation of A” (E (e) ,E (e)) and B" (% (e) ,E (e))
To derive A (7 (e) E (e)) we need an expression for each of the n terms between brackets in

expression (A3),

al/\l;Ev Mal/\l;E N BlAl;E ~
WD) g2 B, -

In this expression it is clear that there is an effect on utility through the consumption of private
commodities and through E. First of all remember that 7} = 2! (1 — eE) 'and E=E(1—¢eE)"

~h
Based on this, we calculate T Vk,l and BE . Observe that the expression for ;,L will look a bit
different because x! influences xf both dlrectly and indirectly via the effect on E:
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This implies that we can rewrite expression (AT7). For household h (the household consuming
the commodity) we collect terms to get

ouh (%h;E) B a—uh 1 N ew? a_E

dah  9Eh \1—¢E ' (1— cE)’ 0zl

i oul exZ oF n oul 1 OF

= 0% (1-¢B)* 02}~ OF (1— cE)* Ox]
ki

which can be rewritten as

oul Z exk oF n 8_uh 1 8_E
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The first term is the direct utility effect of the consumption of commodity ¢ by the household,
the second term is the effect of 2 on E, and thereby on the denominator of the first M arguments
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of u", and the last term is the direct utility effect for household h of the consequences of z for E.
For the other households’ utilities (I # h) we get

1.
o (#:E) M g el oE Lou 1 0B (A9)
Oz = 0%} (1—eE)? 0z OF (1—eE)* 0z’
Observe that this expression consists of indirect effects via the effect on the scaling of private
commodities consumed by household [ (the effect of :Cf on F, and thereby on the denominator of
the first M arguments of u'), and a direct utility effect of E.
Consequently we get for expression (A3)
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Now we can calculate B" (E (e),E (e)) (expression (A4)) as the sum of A” (E (e),E (e)) h

(Ej over

all commodities. First we use expression (A10) to calculate A;‘ (E (e) E (e)) and multiply it with
x? to get
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Now we take the sum over all j to get
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this is the denominator of expression (A2). Observe that, from (A10),
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and, from (A11),
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Take into account the following definition of E"
M
2 h

3k (A14)
=1 9%

Now expression (A13) can be written as B" (E (0),E (O)) =\ Z;Ai1 g%::v;‘ + > )\lg—%Eh.
i

For future reference, D" (fv\h (0), E (O)) is the marginal utility of one percent of income from the
household’s point of view:

M o h M
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A (70),B(0) =

This is the social valuation of commodity ¢ consumed by household h, taking into account only
externalities; it is the valuation of the welfaristic planner.

The linearization
In order to facilitate the derivation, we start by multiplying the nominator and the denominator
of expression (A5) with (1 — eE)? and take into account expressions (A10) and (A11) to get

M
~ oul OF out OF
_ 2 4h (= _ 1 1 Al
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Observe that the derivative of the left hand side of expression (A17) with respect to e is

) [(1 —eE)* A (@ (), E (e))]

— = 2(1—cE) (-B) 4] (3(c) B (e))
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evaluated at e = 0, we get
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Similarly, from the derivative of the left hand side of expression (A18) with respect to e we can
derive

aB" (a (), E (e))
Ode

) [(1 _¢E)? B (@ (e),E(e))]

e=0 Oe
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Now we turn back to the term 7" (% (0),E (0)) (the part between brackets in expression (A6)) and
fill in expressions (A19) and (A20):
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This simplifies into
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Now we need expressions for ol—em) A;e(m(e) E(e))]| and olaem) B;e(w(e) E(e))]!f the deriva-

tives of the right hand sides of expressions (A17) and (A18) with respect to e. The derivative of
expression (A17) evaluated at e = 0 is (remember that the marginal utilities depend on the parameter
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The derivative of expression (A18) evaluated at e = 0 is
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Rearrange terms and take into account definition (A14), to get
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Now we can calculate T" (EE (0),E (O)) using expressions (A22) and (A23) into (A21):
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Using the results (B8) from appendix B to replace the first and the fourth line and (B9) from
appendix B to replace the second and the fifth line in the expression, this can be written as

6ul
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b~ B B 1 oo s Ol OF
T (:C(O),E(O)) B Bh (/:E\(O),E(O))( EA 8$£L+;)\; kf)xé@:ﬁ)
Al (z(0),E M n M
_ 1(I()A())2 Y ?—hE"‘Z)‘lZa—uz L
(5" ((0),E(0)) Pl N e
S ongh l eh "

1ou! 8E
Now add and subtract W EY L NSE aar to get

" (%(0),E(0)) = L gy Ala_“la_E>
(x( ) E( )) Bh (g(o),ﬁ(o)) ( oz} ; OF Ozl
1 S ; Oul OF "L oul 8E>
+ A ————+EY N————
B! (E(o),E(o)) <§ ;xkaxi Oz l; OF Ox!
At (2(0), E(0))

: /\hi hauhE+zn:)\l§:3Ul ! gh
- — Tl — —x
(& (m),m)f SRR = =T

o eh
+E7reh+§ § . lE+ " _EE,
r=11=1 8:10 OF

and take into account expressions (A12) and (A13), and rearrange to get

Th (:’E(O),E(O)) N

1 OF (<~ ok | oul , Ou )

+ — — + N—FE

5 0 5 0) (S o+ 5%

1 M M u

_peh _ AR h_E+Eh AL ou

" B (2(0), B (0)) ;Jaa zz; I;agck
M Ot omeh

+Enh + Lz.E+ ——EFE. (A24)
TZl; oxt. OF

Now we take a closer look at the part between brackets on the second line. It measures the total
effect on all households’ welfare of all consumed commodities and of E. The term formally resembles

S, B (E (0),E (0)) (see expression (A13)), except for the last part, which is E in expression

(A24) instead of Y ', E'. These are not necessarily equal to eachother. This might be the case
for externalities with only local consequences, but not for an externality such as carbon dioxide
emissions which exists at the global level. In this case, there is a difference between Y, | E! and
E. To see this consider the following derivation (take into account » ;" ; E!' = E™ in the third step,

this is the total amount of emission in the economy):
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M:
>
M=
Y
EE
_l’_
M:
>
Sk
&
|
M:

M n
)\lzgcﬁcg—j—i-z/\t ZEZ+Z)\t <E—2El>
— k =1

=1 k=1 t=1 =1 k=1
- ZBI(Q?(O),E(O))+Z/\t8u< ZE1>
=1 t=1

I
NE

(Bl (@ 0),E (0)) A gg (E - E")) .

=1

The term between brackets uses a marginal utility of income concept that is different from before, it
takes into account extended income, which is income including the impact of the externality realized

outside the economy. To see this, divide the term between brackets by B! (% (0), E (0)) to get

B! (E(O),E(O))%—)\ E(E E") /\z(a?_% (E— E™)
0)

= 1+ _
B! (a? 0),E (0))
= 1+74(E—-E").

)\l 8u

The term 7TlE = ) measures which percentage of household {’s income the planner is

(0) E(O)
willing to give up if th(e household has to suffer an extra unit of E. The fact that there is emission
other than the emission caused by the households in the economy, (E — E™), is taken into account
by the planner as if the household has less income at its disposal. Or to put it in another way: the
externality is equivalent to an amount of negative income. This is consistent with the theory of public
good provision in which the effort of other individuals is seen as extra income for the household(s)
(Cornes and Sandler 1996). Observe that for carbon dioxide emissions, E is numerically a lot bigger
than E™ which has rather big consequences for the calculation of the MCF, as is apparent in the
empirical section.

Now define

. n M w ’u,l
B (@ 0),E (0)) ~ SN <Z a_ngg“ + Z—EE> (A25)

which allows us to write expression (A24) as

T (2(0),B(0) = -Bri"+ G0 E0) ot
Bh (2(0),E(0)) 97
1 M u - M ou
eh h h h l l
- = ANl o B ER Y Ny ol
Bh (E(O),E(O)) et — = o,
M n
oneh oneh
+Exh +Y Y —talE+ < EE. (A26)
== oxt. OF

1 oul . . . .
After adding and subtracting m$" W)EO)) (E S NG Eh)7 the second line in this expression

can be written as



M M

gt . B i E+EhZAlZa—“1xﬁc
7 N ~ J a..h l
B (117 (0),E(0)) =1 oz =1 k=1 Oy,
M h n l
= _qeh L A x?%E—EZ)\Zg—UEEh
Bh (@ 0),E (o)) = 7 0x] p

eh 1 h
B (0.£0) (E ZM

and take into account expressions (A13) and (A25) to get

+Ehz/\t )

k_l

(A27)

M n
omeh omeh
+> ) o LB+ EE. (A28)

Define

B (@ 0),E (o))
B! (2(0),E (0))
the ratio of the impact on social welfare of a percentage increase in all households’ incomes and
the impact on social welfare of a percentage increase in household h’s income. It measures the

percentage of income of household h the planner is willing to give up for a percentage increase in all
households’ incomes. We get for expression (A28)

: (A29)

. OF - on¢
Th( (0),E (0 ))—bh (—— EhEh>+Ew€h+;; W o B+ 8;3 EE,
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and take into account that the scale effect on 7¢" of a change of all commodities and E is

eh

M n
-y Yo O

l
Ly

which measures how much 7¢" changes if the household is put on a different utility level. This
implies for our derivation of T" (E (0),E (O))

— wfhEh) + Enh + s¢hE. (A30)

Derivation of 77" (:v (e),E (e)

Now we are ready to turn back to the linearization (expression (A6)). Using expression (A30)
and taking into account expression (A16) we have

- E
nbeh ( (e),E (e )) ~7tte <bh (gx - wfhEh> +En" + sfhE>

3

xbeh (a? (e),E (e)) ~ 7 (1+e (B — E")) + e%bh + seheE. (A31)

%

APPENDIX B: properties of the household’s marginal willingness to pay for private
goods and the externality.

Relationship between household h’s valuation for commodity i and the planner’s
valuation of x!.
Remember expression (3):

NGt S N G 28 Al (7(0), B(0))
M u u - ~ -
XL Z—h oL TNl B (3(0),8(0))

where we used expressions (A12) and (A13) to establish the second equality. First consider the part
of the numerator of expression (B1) only having to do with household h and divide and multiply it

with D" (5?" (0),E (O)) from expression (A15):

wit (x, E) =

; (B1)

)\h au /\h ' OF

( E) BE 890
7t (x = ——r
oul h Lou! OF ..h
A= 1 9a" J+ZJ 1221 A OF 927 ¥j
h ( ou™ oul OF M gu h M gu" 9E _.h
A (amh“L OF Dal 2j=1 5%y T i1 BE 52k L

M wh M wh M wh ul
ZJ 1 gz h+za 1 %E 88:3 h)‘hza 1 gac h+ZJ 121 1)‘1?31555 3
An (a?h (0),E (0)) D" (a: (0),E (0))
Dh (@h (0),E (o)) Bh (@ 0),E (o)) '

Al (z"(0),E(0))
D" (z1(0),E(0))

Now note that is household h’s normalized willingness to pay for the commodity, this

D"(z"(0),E(0))
Bh(3(0),E(0))
marginal utility of one percent of income of household h. Call this 7"

h

is 7} in expression (2). The second part, , is the ratio of the private and the social
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This implies that we can write

Ah (@h 0),E (0)) Dh (@h 0),E (0))
Dh (a?h (0),E (0)) Bh (f; 0),E (0))

T (2, E) = A" h\PAR (B2)

Second, consider the part of expression (B1) for the other households, I # h (the part of the
expression not considered in expression (B2)):

SN % OB

7t (z,E) = 7 .
' /\hZJ 121;: ?+ZJ Yy M“%gEhI?ax

Now write the numerator of this expression as:
oul
19 19 h
SRR S
l;ﬁh

and define
n 1 oul
21:1 A %_E

I = Bh (5(0),@(0))’

(B3)

the social valuation of the consequence of an increase in E for all households, relative to the social
value of a percent of household h’s income, and

o N (B4)
Bh (3?(0) E(O))

the social valuation of the consequence of an increase in E only for household h, relative to the social
value of a percent of household h’s income. As a result

OF
w5t (x, B) = (I — ) 9t

and, using expressions (B2), (B3) and (B4), expression (B1) can now be written as

oE

wit = 7i} (2, E) + n5; (2, E) = W?/\}Wh + (H% B W%) Oxeh’

(B5)

Remark that in expressoin (B5) w% has to be subtracted because the household values it already.

ach

Derivation of the scale effects
The scale effects provide information on how the normalized valuation of commodity ¢ by house-

hold A (taking into account the externality), 7¢", changes when all commod1ty consumptlon levels
(of all households) and E change; we need an expression for » ;" ; Ziw 1 837;
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From expression (B1) and assuming

to derive the former, we need expressions for 2 T o and a -
only linear effects of commodity consumption on E, so % =0 Vr:
h 82Uh 8E >

! s +A —
) Ozl ozh OEQx! Ozh

eh
on§ B

6x£} B Bh (@h 0

and, for t # h,
omeh 1 < . 0%ul 8_E)
oxt Bh ( h(0), B (0)) OFdxt Ozl
Al (@h (0, E (0)) ( 92ut h> B
o ~ t
(" (30, BE@)) \ P
Now multiply expression (B6) with 2 to get
aﬂ'eh h - 1 h a2uh h h a2uh 6—E h
Bzvh Y 7 (0),E (O)) oxhozh ™" OEdzh oz ™"
Al (2" (0), E (0) M 2. h
( ) 3 Z’\h 8hu hxgl R auhEhx?
(Bh( h E )) =1 (’“)x ox 0EOx
- ~
) OFE 8

and expression (B7) with z! to get

omeh
[ xt — (

dat )
AL (3 0). B >)) (3ot ).

(s 52)
LE(0 )) OEdxt ozl ™"

OEOxt.

h of a percentage

Now take the sum over all households to get an expression for the impact on m
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increase of the consumption of commodity r by all households:

— Omeh 1 O*u" —~ . 0%l OE
; T ( B )(Ahaxhg e +Z/\Z8ng£8—xfxlr>

7l
Ly Bh

8

M n e 1 M (92 h M n (92 1 OF
Sy G - G 0.50) (ATW%WZZ“@@M?@)

7
Ly Bh (Z2

The part in brackets in the last line is equal to B" (Eh (0) E (0)) (expression (A13)), and take into

account expression (A16) to get

B 1 hM o?uh M , 0%ut , OF
B ( h(O),E(O)) </\ Zaxhaxhxr +Zz/\ ('“)EB:ClTIT(')—a:?)

Al (3" (0), B (0) MM g2h u 0*u!
(e ((@wo),E(o))))Z (Ahgzl 020z} T+ZAZT ZZ Eh) -

eh 2,k 1
o _ L ()\h 8hu E+ZAI‘9“ aEE>
oF Bh (5h 0),E (0)) ox?OE — (aE) ozl

(
Al (3(0), E (0)) M oy o2l
— AhzahaEJ +Zl Eh . (B9)

Expressions (B8) and (B9) are used in the derivation of appendix A.

APPENDIX C: derivation of the MCF; formulae.
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Derivation of the numerator of the MCF,; formulae
Social welfare is defined as (see expression (11))

Wit = i APt (z' (t); E)

- lul ./I\l o .
;)\ ( (t),E)

The numerator of the M CF; formula is the derivative of W (¢) with respect to ¢;:

oW (t) o, 0 (“ <t>;’§)

at, >

n

Z

—

#(1);E) auh

Al ( ;
J

NE

-5

. Ot;
I=1 h=1j=1
. . LAl ) Ll (. 1 ~
) if: S iau (:17 (t),E)%+8u (g; (t),E)a_E o
~ h = h o
h=1j=1 | 1=1 k=1 0z}, Oz o0FE Oz 9q;
h h
In the last step we use the assumption that % = %7. Observe that the term between square
brackets is Ah ( ) see expression (A3) of appendix A). Now divide and multiply this
expression with B" ( (e),E (e )) (expression (A4) of appendix A) and rearrange terms to get (taking

into account expression (A5))

= =B (3. EBe) | O
n ) =N M b =N axh
_ eh (= J
- ¥ B (x(e),E(e))Zw;? (x(e),E(e)) o (C1)
h=1 j=1
Now we take into account expression (A31) derived in appendix A
W () X pn 5 S hph OF | eh wy
S = ;B (x(e),E(e))j_l 7 (14 ¢ (B — E") + o+ 5" o

. E S oxh
8V(;/ti(t) _ ZBh (fr\ (e),E (e)) Z (1 +e (E _ Ehbh)) W;h 8qz

h=1 j=1
n M h
~ OF ox”
h (=~ eh J
+ hg_l B (x (e),E (e)) ng 63 b +s5'elE 0

Taking into account expression (B5) from appendix B, we get
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oW (¢) — h - hph (hhh h O}
= B (L+e(E—E"")) | ahA"y" + (11} —wE)
n , M h eh 8:10
+ZB ( )Z e—b +s5"eE (9(11
h=1 j=1
oW (t) — h [~ 5 h_h TR 07}
- B e g
n R L OE D
+ B (206, B @) (Lt e (B - E')) (g - ) + 1) ga_aqz
n . M ozl
+3 B (f(e),E (e)) cEY s o
h=1 J=1
Now use the identity?” ZJ 17T??;; = —:;h to get
6W . - al!
;Bh (x ( )> Al (1+6(E_Ehbh)) —
b [~ = hph h h OF Oz}
LB (3(0). B (@) (1 +¢ (B~ E"")) (10 - 7t + eb") gal,? P
n R M o h
—i—ZBh (ﬁ(e),E(e)) eEZ ch 3;;
h=1 Jj=1

. . . . . c ozl 4. .
Multiply this expression by g; and transform derivatives into elasticities; a?i = 82 L. Take into

p Ox) _ p0(ae}) o) “h b _ O - (‘IJ J)afh
account -5 aq q» =] BaT g, Qi with 7} = o) Also take into account that o oq i =
zh seh M ol F) h 0]
G ph — choph _ n  on! x, | On} E _ _eh_eh_h ,.h
qj aqi 2T = €5i0;54; anda = =212 et eh"‘ oF ﬁﬁh,lmplymgs Do ql o' mite iy
1 J r
This yields
M h M
¢ oE Oxj rheh gha
g h T J =gty
—/ oz} 0q; =

M n M
_ on 025 ch_eh_h h
G205 5, — 05 75 €5ty
j=1 L

the amount all normalized valuations of commodities by household i change due to the increase in
tax on commodity i. Use these to get

oxh
27Start from the identity ZJ 1957 h = mM. Take the derivative with respect to g; to both sides to get ZJ 195 azj +
h oa} _ _ af
j=1T; Oql

:c = 0. Now divide by m” and rearrange to get the identity Z

mh*
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oW (t) A )i
G = hZ:lBh (F(e). B(e)) N9 (1+ ¢ (B - B"o")) 2L
R M
+ Z Bh (5? (e),FE (e)) (T+e( EMM)) (T — o) + b Zr?a?zx?qj
h=1 Jj=1
n . M
+ Z Bh (’:1? (e),FE (e)) eE Z J]ehwjhsylx]
h=1 j=1

Now take into account expression (B5) in the last line of this expression to get

8W( h hq
S = —ZBh( E(e)) A" (1+e (B - E"")) =L
M
+ Z B" ( ) 1 + e E Ehbh)) ( B W%) + ebh) Zr?a?ix?qj
j=1
n M o
+ZBh (5? )6E20h< ?/\h”yh—l—(ﬂg—wg)ﬁ ehal
h=1 Jj=1 J
and rearrange the last line to get
oW (1) - PR h i
i —;Bh T(e), B (e)) N (1+e (B —E"W")) —5=

M
"(Z(e),E(e)) (1 +e(B—E"") (I — k) + eb) Zr;la;;xyqj

j=1

+
M-
Sy

Now remember that

B (%(e) E (e)) Niah = ph (%(e) E (e)) AP

— A'Dh (ah (e),E (e)) :

this is A" times household h’s own marginal utility of income multiplied with its income. Furthermore

take into account that gb; x? = r gz T his brings us to the final result
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av;i(t) ¢ = Z A Dh (Ah ), E (e )) (1+e(E—E"")) f;_g

M
4 Z B ( ), E( )) (L+e(E—E"")) (I} — ) +eb”) Zr?ag‘ix?%‘

+ Z N D (Ah E ) eF Z O'ehé‘?lﬂ'?zg
h=1

—i—ZBh (E(e),E(e)) eE (Hh —7TE ZUE}L ?Z ;LQJ .
j=1

h=1

Giving empirical content to the expressions

(C2)

Observe that the terms X" D" (fh (0),E (O)) and B" (E (0),E (O)) (expressions (A15) and (A13)

respectively) have a lot in common. We repeat them for convenience:

B M 8_uh h 8uh
N ox" (9E

j=1""J

Dh (f;h (0),E (0)) gL ph

and

Bh(E(O),E ) hzath+ZAlau

To see the link between the two more clearly, multiply D" (Eh (0), E (0)) with A" to get

M n
~ = Z ou ou ou
i
=~ " 0u
= M'DM(Zh(0),E )+ NZ—=E"
(7 0.5 0) + 3058
l#h

It is clear that B" (E (0),E (O)) < A'Dh (fh (0),E (O)) because 2% < 0 VI. The difference

OF

between the two depends on the valuation of E”" by other households and the welfare weights. In
the empirical section of the paper we assume that D" (Eh (0),E (O)) = m" (which means that ﬁl—};,

the marginal utility of one euro of income, equals 1)2® and calculate B" (’:1? (0),E (0)) as follows:

28T0 see this, remark that expression (2) in the text is the result of the maximization of lagrangian L = uh (:ch; E) -
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with

This is the social impact on u! of an increase in E, observe that plE is expressed in euro (it is not
normalized). Now we can use this to calculate b (expression (A29)). Observe first that expression
(A25) can be written as

~ n M 1
(e £) - $x$
=1 k=1

t=1
oul

n M n
= Z)\IZW:CL—FZY ZE%ZM E—ZEl
= k=1 "k t=1 =1
Bl(f(O),E(O))+Zp§; E—ZEl :

t=1 =1

Il
(= I

=1
so we can write for b
i <)‘lml + Z%& PRE' +py (B -0, Et))
Amh n ol Eh
m +le¥ilsz

n [N = o) n n
Yim B (I (0), E (O)) n > i1 P (E — D El) '

Bh (5(0) B (0)) Bh (@(0) B (0))

o=

APPENDIX D: data
This part of the appendix contains the data we use for the MCF calculations

ou" (z";E aul :L‘h;E
uh (Z;‘il W;’x? - 1). For the first order condition of commodity 7 we get B(x;l ) + gE ) %— h’ﬂ'?’ =0,

. . aul (xh;E) aul (ach; ) SE uh . .
this can be rewritten as oal + 3B ali T mF g; = 0 (If we slightly rearrange the expression, we get
oul (z";E) oul(aME) 5p
oxl oF Erg
! - % = nl*, which is expression (2)).

“w
h
Now, u” is household h’s marginal utility of one percent of income and # is household h’s marginal utility of
one euro of income. With v" (q7 mh; E) : R% X R4 x Ry — R household A’s indirect utility, marginal utility of one
vl q,mh’;E h ol q,mh’;E vl q,mh’;E
%, so B = % % This is the term in the
mh

denominator of expression (2), it measures household h’s marginal utility of one euro of income times income.

euro of income is which implies p =
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29

30

cat. commodity short - T o w;

1 Alcohol & Tobacco AT 0,431 0.433 -0,648 0,033
2 Food & Beverage FB 0,058 0.392 0,532 0,088
3 Meat & Fish MF 0,060 0.923 -2,636 0,040
4 Clothing & Shoes CL 0,172 0.100 -1,807 0,044
5 Rent & Water RW 0,046 0.362 -2,610 0,230
6 Electricity EL 0,186 1.768 2,192 0,022
7 Gas GA 0,181 1.376 -1,736 0,015
8 Other fuels (heating) FU 0,209 1.181 0,0179 0,010
9 Durables DU 0,174 0.315 -0,211 0,047
10 Services SE 0,152 0.127 -0,925 0,346
11 Car Purchase CP 0,169 0.194 -0,769 0,054
12 Car Use Cu 0,500 4.965 1,585 0,068
13 Public Transport PT 0,057 0.202 -5,325 0,006

29

expressed here as tons per 1000 euro

30Calculations based on the procedure put forward in [?].
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