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Daar moet je vandaag voor zorgen.

Voor sterfelijkheid.

Herman de Coninck






voor Fien en Yle






Doctoral Jury

Prof. dr. Marc De Clercq

(Dean and President, Ghent University)
Prof. dr. Patrick Van kenhove
(Academic Secretary, Ghent University)
Prof. dr. Dirk Van de gaer

(Supervisor, Ghent University)

Prof. dr. Luc Van Ootegem
(Co-supervisor, University College Ghent)
Prof. dr. Erik Schokkaert

(K.U. Leuven)

Prof. dr. Gerdie Everaert

(Ghent University)

Prof. dr. Roland Iwan Luttens

(VU University of Amsterdam)

Prof. dr. Elsy Verhofstadt

(Ghent University and University College Ghent)
Prof. dr. Xavi Ramos

(Universitat Autobnoma de Barcelona)






Acknowledgements

I am happy to have finished my doctoral dissertation. It has been an interesting and enriching journey,
though it hasn’t been an easy one. Fortunately, I have not been alone. Without the help and the support of
many, the accomplishment of this work would have been impossible. I would like to thank all people that

have been close to me throughout these years.

I would like to thank my supervisor, Dirk, for allowing me to take on this endeavour and for guiding
me. He has always motivated me to improve my thinking on the themes in this dissertation. His patience
and continuous effort to bring order in the chaos have always stimulated me to go further and to aim as
high as possible.I appreciate Dirk highly for his insights and his preferences. His remarks and advice are
a reflection of his critical way of thinking and tight reasoning. They have been of great significance for

the content and the quality of this work.

My co-supervisor, Luc, has offered me the opportunity to start working at the University College and
to devote time to my dissertation. He nurtured interest in economic research. Without him, I wouldn’t be
where I am now. Our paths first crossed almost ten years ago, and there has always been a good general
understanding between us. Luc, I want to thank you for believing in me. You always let me choose my
own path and you have encouraged me to never give up. Your peace of mind and ability to solve problems

have always inspired me, and not only on a professional level.

I would like to thank all the members of my jury for their useful comments and suggestions, which
have improved this dissertation considerably. I am especially grateful to my colleague and co-author Elsy.
She has always been available for my (many) data related questions and never hesitated to provide valu-
able suggestions. Elsy, I admire your devotion and hard work. With your positive attitude, you have the

ability to motivate people and to create an environment conducive for good work.

My colleagues at the faculty have made the work lighter with jokes and laughter, and conversations
about cheese and poetry. Since the first day I work there, I’ve always had the feeling to belong to a close
group of people helping each other and looking out for each other. Without my colleagues, my experience

would have been completely different. The support and help of especially Brent, An-Sofie and Mustafa is

iii



greatly acknowledged. Each of them was there for me, in his or her own specific way.

My friends and family have witnessed my work from a further distance. I like to remember all the
joyful moments we spent together and the smiles we shared. For me, these moments were the sign that the
rest of the world hadn’t disappeared while working on my dissertation. I want to explicitly thank Peter for
willingly taking care of many of my IXTEX problems, his hard work in the last week have been extremely
helpful for me.

Then finally a special thanks to the two most important people in my life: Fien and Yle. Every time
when Fien was there, she asked me ‘En wat ga jij nu doen, papa? Werken? Ik zal dan een beetje spelen.’,
as if she wanted to make clear that she didnt mind, that she could play by herself. During her play, she
came to me for a hug or with a stupid joke, as a nice break during work. Fien, you are the joy in my life,
I always smile when I think about you. Work is finished now and more time will be available for play.

Yle, you have been the closest observer of the moods and difficulties surrounding this work. Especially
in the last weeks there have been moments of severe restlessness. But you have always been there for me,
with all your love and patience. Your motivating words and down-to-earth-ness have meant a lot to me.
Thanks for putting up with me in this period. You have shown me that life is what you choose it to be. It
makes me happy to know that you are there and that we are sharing our life.

And thank you for pointing out the subtle difference between ‘useless’ and ‘unuseful’. If this disser-

tation is to be either of these two, I prefer it to be the latter.

Bart Defloor

July 2013



Table of Contents

Doctoral Jury
Acknowledgements

Chapter 1 Framework and outline

1.1 Observing preferences . . . . . . . . . . . . e
1.2 Lackofrationality . . . . . . . . . . . ... e
1.3 Welfare measurement . . . . . . . . .. ..o e e
1.3.1 Lackofinformation . ... ... ... ... ... . ... .. ... .. ...
1.3.2 Affectsand cognition . . . . . . . . . . ...
References . . . . . . . . . e

Chapter 2 Marginal Cost of Indirect Taxation in the presence of a Demerit Externality:

Application to CO5 emissions

2.1 Introduction . . . . . . . . . e
22 Themodel . . . . . . ...
2.2.1 Notation and household behaviour . . . . . . ... ... ... ... . ...,
222 Theplanner . . . . . . . . L e
2.2.3 Marginal cost of funds derivation . . . . ... ... oL oL,
2.3 Empirical application . . . . . . . ... L e
23.1 Thedata. . . . ... . . . e
232 Results . . . ...
24 ConClusions . . . . . . . . . e
References . . . . . . . . . L

Chapter 3 Inequality of opportunity in job quality achievement
3.1 Introduction . . . . . . . .. e e e e e e e e e e

3.2 NOtation . . . . . . o o o e e e e e

iii

13

15

17

17

18

21

24

24

26

28

29

53



vi

3.3 Estimation procedure . . . . . . . . . ... e e e e e e e e 61
3.3.1 Nonparametric distance function . . . . . . . . .. ... ... L. 62

3.3.2 Job quality inequality measurement . . . . . . . . ... ... ... 63
3.3.2.1 Counterfactual job quality and inequality measurement . . . . .. . . 63

3.3.2.2  Econometric specification . . . . . . ... ... ... 64

34 Data . . ... 66
35 Results. . . .o 69
35.1 Jobquality . . . ... ... 69

3.5.2 Determinants of jobquality . ... ... ... ... .. ... . ... .. ... 70

3.5.3 Inequality of opportunity in job quality achievement . . . . . ... . ... ... 72

3.6 ConClusions . . . . . . . . . e 76
References . . . . . . . . . . 77

Chapter 4 Measuring individual well-being and poverty using equivalent income and self-

reported possibilities 89
4.1 Introduction . . . . . . . . . L e e 91
4.2 Preferencesand well-being . . . . . . . .. ... .. e 92
43 Notation and Criteria . . . . . . . . . . . oL e e e e e 95
44 Thedata . . . . . . .. 98
4.5 Empirical section . . . . . . . L e e e e e e 99
4.5.1 Satisfaction and possibilities measures . . . . . . ... ... 100
4.5.2 Evaluationofthemeasures . . . . . . . . ... ... ... 102
453 Estimationresults . . . . . . . . ... 103
454 Comparinglives . . . . . . .. L 106
455 Whoaretherichandthepoor? . . . . . .. ... ... .. ... ... ...... 109
4.6 Conclusions . . . . . . . . e e e e e e 111









Chapter 1

Framework and outline






FRAMEWORK AND OUTLINE

1.1 Observing preferences

Policymakers face the challenge of taking policy decisions with the aim to improve social welfare in the
economy. These policy decisions should be based on sound indicators of social welfare. There is a general
consensus that policymakers should respect the households’ judgments about their own lives (Fleurbaey
and Blanchet (2013)). These individual judgments can be understood as the households’ ‘true underlying
preferences’ (Qizilbash (2012)). One problem is that information on true underlying preferences is not
easy to obtain. In practice, one can only obtain information by observing preferences, either by relying
on revealed or stated preference approaches, or by relying on survey data —e.g. based on self-reported life
satisfaction. But what if these observed preferences are not a reflection of the individuals’ true underlying

preferences?

In (welfare) economics, true underlying preferences are assumed to be stable, consistent and context-
independent, and rational and perfectly informed households seek to satisfy these preferences (McQuillin
and Sugden (2012)). If these conventional assumptions are valid, then observed preferences reflect indi-
viduals’ true underlying preferences. There is compelling evidence, however, that observed preferences
can be flawed. Due to human limitations, an indivividual’s behaviour is not consistent with his true under-
lying preferences (Qizilbash (2012)). In this case, the idea of consumer sovereignty is false. Three broad

types of anomalies can be distinguished in this respect.

In the first type, households might be well-informed, but they do not act rationally, i.e. they do not
choose the best option given their true underlying preferences. This problem pertains to time inconsis-
tent behaviour, households take decisions today, but without fully considering their future. They engage
in unhealthy lifestyles (e.g. smoking, not doing sports, eating fat foods) or save insufficiently for their
pension. Households might know the long-run consequences of their behaviour, but postpone behavioural
change because they have the tendency to seek immediate gratification. They take repeated decisions with
small time intervals and the consequence of each decision is small, remote in time and still avoidable
today (Akerlof (1991)). In this case, the households’ true underlying preferences are not revealed by their

market behaviour.

Policymakers are aware of this and aim to discourage, restrict or even forbid certain behaviours or
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commodities. Goods the policymaker values higher (lower) than the households are called (de)merit
goods. High taxes on cigarettes and smoking bans in public places or subsidies for sports clubs can
be rationalized in this way. Policymakers nudge the households in a specific direction so that they act
according to their true underlying preferences. The general idea behind this type of policy is that the

policymaker aims to increase welfare, even if it is against the households’ observed preferences.

The second anomaly is due to a lack of information when individuals judge about their preferences,
also if they behave rationally. In some cases, individuals are badly positioned to cast a judgment. For
instance when individuals lack experience, their observed behaviour might reflect his lack of information
rather than his true preferences. Take the example of a student who has to judge about the content or the
quality of a course he has taken. As he does not yet know how the information provided in the course
could serve him in the future, his judgment will not reflect his true underlying preferences as he does not

know them.

The third type of anomaly has to do with a situation in which individuals might be rational and well-
informed, but their observed preferences are not stable, not consistent or context independent. Then people
fail when judging decisions or their life situation because their judgment is distorted. Many examples are
provided in the literature. Individuals have the tendency to over-weight low probabilities (McQuillin and
Sugden (2012)), they are bad in predicting future feelings and underestimate how easily they can adapt
to changes in their situation (Fleurbaey and Blanchet (2013)), or focus too much on small details while
forgetting the bigger picture. For this reason, they badly organize activities, lose time or stick too often
with the status quo (Qizilbash (2012)). Observed preferences might also depend on the context in which
the individual finds himself, or on the framing of the choice problem. When asked to judge about their
situation, they might give too much weight to their current mood or their aspirations (see Fleurbaey and
Blanchet (2013)). As a consequence, information on individuals’ true underlying preferences is hard to

obtain.

Observed preferences differ from true underlying preferences in these cases. The conventional as-
sumptions stated above are then based on an unrealistic view on the nature of human beings. The policy-

maker should not base policy on observed preferences, but needs to correct in some way. In this situation,
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the policymaker is said to act as a paternalist. This dissertation deals with instances in which house-
holds’ observed preferences are mistaken and focuses on solutions for policymakers. The second chapter
deals with policy when households are not rational or well-informed. Chapters 3 and 4 focus on welfare

measurement.

1.2 Lack of rationality

Chapter 2 deals with indirect tax policy in the case where households’ revealed preferences fall short
of their true underlying preferences. Marginal costs of funds (MCF) are calculated for taxes on 13 com-
modities in Belgium, the consumption of which creates an environmental externality in the form of carbon
dioxide emissions. The MCF of an indirect tax measures the impact on social welfare of an increase of
that tax rate. Social welfare is the (weighted) sum of the utility levels of all households in the economy.

Social welfare can be increased in a revenue neutral way if the MCF differ numerically.

If observed preferences are to be respected, the MCF expressions contain two parts. The first one is
due to the impact of the tax increase on household utilities via their own consumption levels. It has been
proposed by Ahmad and Stern (1984). The impact of an indirect tax increase is measured based on the
budgets households spend on the taxed commodity. If a commodity is consumed more, its MCF is higher.
The second part is due to the impact of the tax increase on carbon dioxide emissions, which influences
the utilities of all households. The externality part has been analysed by Schob (1996) and Mayeres and
Proost (2001) and measures the impact on household utilities due to the fact that they suffer from the
emissions, ideally based on their willingness to pay for a decrease in emissions. A commodity with high

carbon dioxide emissions has a lower MCF.

The problem is that households are unaware of the consequences of their emissions of carbon dioxide,
as they only appear in the long run. Their willingness to pay for a decrease in carbon dioxide emissions
is too low and thus the externality has demerit properties. Even if households were well informed, they
might postpone their efforts to cut down their emissions. Consequently, their consumption behaviour
does not reflect their true underlying preferences and this is an argument for the policymaker to intervene.

In the chapter, the consequence of this idea are investigated for the MCF expressions. The work is an
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extention of Schroyen (2010), who investigated the consequences of a private demerit good for the MCF
expressions. The incorporation of the demerit externality implies three extra terms in the MCF expression,
a direct effect, a scale effect and an income effect. The direct effect takes into account the fact that the
externality is valued higher. The scale effect takes into account the fact that, due to demerit arguments,
households are considered worse off than they think they are, and as a consequence their valuations of
all commodities need to be adapted. The income effect is due to the fact that household utility counts
relatively less from the point of view of the policymaker, as the externality is not valued sufficiently. The
empirical findings for Belgium suggest that a revenue neutral tax reform can be achieved by increasing
the indirect taxes on electricity, meat & fish, gas and fuels for heating, and decreasing the indirect taxes

on clothing & shoes, durables, food & beverages.

1.3 Welfare measurement

Chapter 3 and 4 deal with measurement of respectively job quality and well-being. Job quality and
well-being are essentially multidimensional concepts. In some cases it is necessary to calculate a one-
dimensional measure, such that weights need to be attached to the different dimensions. There are two
attractive principles such a measure can satisfy: respect for preferences and dominance. Respect for
preferences means that the weights are determined based on preferences. Then the policymaker respects
the trade-offs individuals make between the dimensions. The domininance principle means that the one-
dimenional measure increases in all underlying dimensions. Fleurbaey et al. (2009) argue that, as it is
impossible to satisfy both principles at the same time, a choice has to be made for one of the two. Either

the dominance principle or the respect for preferences principle has to be sacrificed.

1.3.1 Lack of information

Chapter 3 deals with job quality measurement for 2310 individuals who entered the labour market in
Flanders. A job is described in terms of the achievement of five job characteristics: income, the extent
to which the job is physically demanding, skill utilization, work endeavour and autonomy. Individuals in
their first job might behave rationally, but they might be ill-informed to judge about the quality of their

jobs. For this reason, their observed preferences might not reflect their true underlying preferences. It is
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argued in the chapter that in this case, one should use a job quality measure satisfying dominance, and
sacrifice the respect for preferences principle. The output distance function is used to measure job quality.
It is a concept commonly used to analyse firm efficiency. Lovell et al. (1994) have proposed to use the
distance function as a measure of well-being. The achieved bundle is compared to a specific maximal
attainable bundle of job characteristics, consequently, job quality is measured as a percentage. Evidently,

this measure satisfies the dominance principle.

The aim of the chapter is to use the calculated job qualities to measure inequality of opportunity at
job market entry. To do this, job quality is related to two types of personal characteristics: circumstances
and efforts. Circumstances are personal characteristics he is not held responsible for, such as his gender
or the education level of his parents. Efforts are characteristics the individual is held responsible for,
for instance his own education level. Inequality of opportunity is measured as the percentage inequality
would be reduced if all individuals had the same circumstances. The difference between these two can
only be due to unequal opportunities. The results suggest that around 13% of observed inequality is due to
inequality of circumstances, whereas income inequality would be reduced with 4-8% if all circumstances

had been equal.

1.3.2 Affects and cognition

The fourth chapter in this dissertation deals with obtaining information on true underlying preferences
from survey data, necessary for the calculation of equivalent income. An individual’s life is described
as the achievement of a number of functionings, such as health or material living standards. Equivalent
income is the level of income that, given reference values for the other dimensions of functionings, makes
an individual indifferent to his actual situation. This concept has been proposed by Fleurbaey et al. (2009),

it respects preferences, but does not satisfy the dominance criterion.

The dimensions of functionings dealt with in the chapter are based on Stiglitz et al. (2009): income,
health, education, personal activities including work, social connections and relationships and living envi-
ronment. Information on preferences for dimensions of functionings is usually derived from the answers

individuals provide to one or more overarching life evaluation questions. A common approach in the lit-
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erature is to ask people to evaluate their life satisfaction on a scale from zero to ten. In the survey used
in the chapter, the question goes as follows: “How satisfied are you with your life as a whole, on a scale
from O (completely insufficient) to 10 (excellent)”. There are two basic problems concerning the use of

raw data on life satisfaction.

The first problem is related to the physical condition neglect of satisfaction information (Sen (1980
and 1985)): the mental state of the individual does not say anything per se about his physical condition.
People may adapt their aspirations to their life situation and state to be relatively satisfied when they
are income poor or in bad health. The second problem has to do with the fact that the answers people
provide to the self-reported satisfaction question are a mixture of two things: a cognitive judgment —what
people think of their life— and an affective judgment —how people feel in their life (Fleurbaey and Blanchet
(2013)). Information on true underlying preferences should be based on the former, not on the latter, as

affective information might be influenced by moods —which are typically short-lived.

Consequently, in order to get information on the cognitive evaluation of the individuals, which provide
information on their true underlying preferences, the effects of aspirations and affects have to be filtered.
The equivalent income approach does this, on the condition that what remains after filtering is cognitive
information on the individual’s life. Fleurbaey et al. (2009) assume that aspirations depend on individual

characteristics such as the individuals’ age or gender.

If another overarching life evaluation question can be found that depends less on affects and aspira-
tions, it might provide a less biased picture on the individuals’ true underlying preferences, as no correc-
tion for affects and aspirations is needed. McQuillin and Sugden (2012) argue that it could be interesting
to identify another object of value, assign normative value to it, and try to measure it to obtain information
on preferences. In the chapter it is investigated whether the concept of self-reported possibilities, which
measures the extent to which individuals have the ability to strive for whatever they want, provides more
reliable information. The question goes as follows: “How are the possibilities for you, in general, on a
scale from O (completely insufficient) to 10 (excellent)”. It is shown that the answers to this question are
less sensitive for the individuals’ mood of the day or their aspirations. As such, they might come closer

to a cognitive evaluation of the individuals’ lives. Self reported possibilities could provide less biased
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information on true underlying preferences than self-reported life satisfaction.

The survey contains, apart from information on individual characterstics, also information on the indi-
viduals’ personality and their mood of the day. The approach of Fleurbaey et al. (2009) is followed. Direct
effects of these variables are assumed to reflect differences in aspirations and affects, the interactions of
these variables with the functionings dimensions are assumed to provide information on the individuals’
true preferences. Equivalent income is calculated based on life satisfaction and possibilities and compared

with income and the answers people provide on the life satisfaction and possibilities questions.

The two equivalent income measures are very similar, their correlation is around 90%. This suggests
that both concepts provide information on the individuals’ true underlying preferences. It is argued that, as
self-reported possibilities are less sensitive for adaptive preferences, they are less biased than self-reported
satisfaction. It is shown that the correlations between the equivalent income measures and observed
income are rather low. Consequently, income falls short as a measure to determine who is to be considered
poor. Both self-reported satisfaction and self-reported possibilities correlate highly with the equivalent

income measures, though the correlations with self-reported possibilities are higher.

References

[1] Akerlof, A. (1991). Procrastination and Obedience. The American Economic Review, 81(2), Papers
and Proceedings of the Hundred and Third Annual Meeting of the American Economic Association

(May, 1991), p. 1-19.

[2] Fleurbaey, M., Schokkaert, E. and Decancq, K. (2009). What good is happiness? CORE Discussion

Paper 2009/17, March 2009, 55 p.

[3] Fleurbaey, M. and Blanchet, D. (2013). Beyond GDP - Measuring Welfare and Assessing Sustain-

ability, Oxford University Press, 306 p.

[4] Lovell, C.A.K., Richardson, S., Travers, P. and Wood, L. (1994). Resources and functionings: a
new view of inequality in Australia, in W. Eichhorn (ed.), Models and Measurement of Welfare and

Inequality, Springer-Verlag, Heidelberg, 1994.



10

CHAPTER 1

[5] Mayeres, 1. and Proost, S. (2001). Marginal Tax Reform, Externalities and Income Distribution.

Journal of Public Economics, 79(2), 343-363.

[6] McQuillin, B. and Sugden, R. (2012). Reconciling normative and behavioural economics: the prob-

lems to be solved. Social Choice and Welfare, 38, p. 553-567.

[7] O’Donoghue T. and Rabin M. (2001). Choice and Procrastination. The Quarterly Journal of Eco-

nomics, February 2001, p. 121-161

[8] Qizilbash, M. (2012). Informed desire and the ambitions of libertarian paternalism. Social Choice

and Welfare 38, p. 647-658.

[9] Schob, R. (1996). Evaluating Tax Reforms in the Presence of Externalities. Oxford Economic Papers,

48(4), 537-555.

[10] Schroyen, F. (2010). Operational Expressions for the Marginal Cost of Indirect Taxation when Merit

Goods Matter. International Tax and Public Finance, 17(1), 43-51.

[11] Sen, A.K. (1980). Equality of what? In A. Sen (ed.), Choice, Welfare and Measurement. Oxford:

Blackwell, 353-369.

[12] Sen, A.K., (1985). Commodities and Capabilities. Amsterdam, North-Holland, 104 p.

[13] Stiglitz, J. E.; Sen, A. and Fitoussi, J.-P. (2009), Report by the Commission on the measurement of
economic performance and social progress, Commission on the Measurement of Economic Perfor-

mance and Social Progress, mimeo.









Chapter 2

Marginal Cost of Indirect Taxation in
the presence of a Demerit Externality:

Application to CO- emissions






MCF AND DEMERIT EXTERNALITY

15

2.1 Introduction

This paper deals with indirect tax policy design when there is an externality (CO-) related with energy
use that is undervalued by consumers. Because consumers focus too much on the present, the (long run)
consequences of CO- are insufficiently taken into account when they decide upon consumption today.
The households suffer some negative effects of the externality, but not all of the effects. The planner
(i.e. the government) knows this and aims at correcting this problem by altering indirect tax rates. In the
economic jargon, CO; is seen as a demerit good.

The analysis is performed using the concept of the marginal cost of funds (M C'F') of indirect taxation.
This is the social welfare cost of raising one euro of tax money by increasing a specific indirect tax rate.
The literature in this field originated from the seminal paper of Ahmad and Stern (1984). In that contri-
bution, only private commodities were considered. Externalities were taken into account in subsequent
studies, e.g. Schob (1996) or Mayeres and Proost (2001) who considered the effects on pollution and
traffic congestion. In all of this literature, the planner endorses consumer sovereignty. Public and private
goods are only valuable for society to the extent that households value them, based on observed behaviour.
Private goods are valued using the market price, public goods are valued using the sum of the willingness
to pay of all households.

In some cases, however, households’ ‘true’ preferences may not be revealed by their behaviour and
governments do not accept consumer sovereignty. This applies to carbon dioxide emissions as well. The
chosen consumption bundle is not the one consumers truly prefer when the consequences of CO4 are not
fully taken into account in their decisions. Take the example of transport. Workers choose between their
bike and their car to go to work, say for a short distance. They know that the choice for the latter causes
more carbon dioxide emissions than the choice for the former, but this only plays a minor role in their
decision-making process. As a consequence, they choose to use their car too often. The consequences for
carbon dioxide emissions are not taken into account sufficiently, although when asked about it, individuals
acknowledge that these consequences are real and important. They may intend to change their behaviour

- tomorrow. They are aware of the fact that long run costs of emitting CO, exceed the benefits, but they

OT 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.
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procrastinate to change their behaviour because they have a tendency to seek immediate gratification.
Short run costs and benefits have undue salience over long run costs and benefits (see Akerlof (1991),
O’Donoghue and Rabin (2001)).

An important feature of this type of behaviour is that individuals take repeated decisions (e.g. to use
the car to go to work) with small time intervals and that the consequences of each decision are small, re-
mote in time and still avoidable today (Akerlof, 1991). Because of this, the households’ ‘true’ preferences
are not revealed by market behaviour. The assumption of rational, forward looking, utility maximizing
households is violated and there is a reason for the planner to intervene. Governments aim to discourage,
restrict or even forbid the consumption of demerit goods' like tobacco because they want to protect indi-
viduals against illness at old age. In a number of recent contributions (Schroyen, 2005 and 2010), M CF
expressions for indirect taxes have been derived for an economy in which there is a private commodity
with demerit properties (e.g. cigarettes, hard drugs...).

In this paper, Schroyen’s model is extended to include an externality with demerit properties. The
model is applied to CO5 emissions as demerit externality. Apart from the externality correction, the
planner has to correct the M C'F' for demerit considerations as well. There is an important distinction
between these two. If the externality problem is solved, on average the households gain (today). This
does not hold for the demerit problem, because from the households’ point of view, the planner corrects
too much. As such, this paper is about applied paternalism. The planner acts against the short-run interest
of the households today because he believes their short-run preferences are mistaken.

Based on observed behaviour the valuation of one tonne of CO; is too low, energy intensive com-
modities are valued too highly. The planner knows this and aims at changing relative prices in order to
make sure households change their behaviour today. He wants to influence current consumption decisions
by putting a higher value on a tonne of carbon dioxide, i.e. by considering it as a demerit good, such that
a commodity that has a higher impact on CO,, is valued lower. This is the ‘direct’ correction for demerit

considerations that will be derived in this paper. Apart from this first result, there are two other results

I'The term (de)merit good is due to Musgrave (1959). According to him, 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. Other demerit arguments in the literature are uncertainty, irrational preferences and

information deficiency (e.g. myopia, ignorance).
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in the derivation below that are somewhat less intuitive. The second correction is a valuation effect due
to an income effect. Because the households suffer more from the externality than they are aware of, the
planner evaluates them as if they are on a lower utility level. As a consequence, the households’ valuations
for all commodities change, as households’ willingness to pay for commodities depends on how well-off
they are. The third correction has to do with the fact the planner takes into account an externality effect
that was not sufficiently taken into account before. As a consequence, household utility counts relatively
less. Only a specific percentage of the households’ commodity valuations is considered valuable from a
social point of view. These are the three consequences of the demerit considerations for the M CF that
are derived below. In the empirical section, the M C'F of indirect taxes on 13 commodities are calculated
for Belgium.

In the next section, it is shown formally how the planner’s valuation of a commodity differs from
the household’s valuation. Then the M CF of indirect taxation are derived. The third section applies
the framework to Belgian indirect taxes in the presence of carbon dioxide emissions. The fourth section

concludes.

2.2 The model

2.2.1 Notation and household behaviour

Assume there are n households, M commodities and an externality (£) in the economy. Household h’s
consumption of commodity j is x? € R, and his expenditurs are m”" € R,. It consumes a commodity
vector 2 € RY zh = [z, ... 2%/]. The vector collecting the consumption of commodity j is x; € R7,
xj = [z},...,x}]. Finally, z € RY™ is the M x n dimensional matrix of commodity consumption by
all households. The externality F is created by total household consumption of commodities: E () :
RY™ — R.. Household h has a quasi-concave utility function v” (z"; E) : R} x R, — R increasing
in all x? and decreasing in E. The after tax price of commodity j is g; and p; is the pre tax price of
commodity j, which is assumed to be fixed for all j. The indirect tax on commodity j is ¢;, so ¢; = p; +1;

(¢;,p; € R, and t; € R). The vector ¢ = [q1, ..., qar] is the vector of commodity prices. Household /s

Marshallian demand for commodity j is 2 (¢, m"; E). The household’s marginal utility of (one euro of)
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income is o € R,.

Each household A solves the following problem
M
Max u” (xh; E) s.t. Z qjx? =mh. @))
j=1

It decides upon the amount of private commodities it consumes, taking into account the impact of its

decisions on F. The first order conditions can be written as

b ox
q; = 2 L forallj=1,.., M.

The right hand side of this expression measures household /’s willingness to pay for a unit of commodity

7, it is the household’s valuation of x? in the optimum. Call it q;? (xh; E):

6uh(wh;E) auh(a:h;E) S9E
h(h ozj OE  oxj -
q; (JU ;E) = oF ,forallj =1,..., M. 2)

The numerator is the household’s marginal utility of consumption of commodity . Note that the household
takes into account the impact of its consumption of l‘;l on E on its own utility only, not the impact on

others.

For future reference, define
h (..h _ 0E
B)= —22  forall h, 3
di (" B) = —2F— fora 3

household h’s marginal willingness to pay for a unit of the externality. As the numerator is negative,

q% (xh; E) < 0.

2.2.2 The planner

The planner does not agree with the households’ valuations of commodities and E for two reasons: the
existence of an externality and the existence of demerit arguments. First we deal with the externality. The

planner aims to maximise social welfare, not just individual i’s welfare. Assume that the planner has the
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following objective function:

W (x; E) = Z Nt (2 ) .
h=1
To the extent that one household’s behaviour influences other households’ utilities, adjustments are needed.

This is the standard externality correction (see e.g. Pigou (1947) or Cornes and Sandler (1996)). If house-

hold h consumes an extra unit of commodity j, the impact on social welfare is

(
o OF Ozl

J

oW (r;E) oul (z";E)  oul (a"; E) JE " o0ul (2L E) OE
833;-‘ A < 63:? + OF ozl + ;)\
I£h

Demerit arguments are not yet included. This brings us with the second correction the planner per-
forms. Household welfare is not perceived in the same way by the government as by the household due to
demerit arguments. To incorporate this, assume the planner evaluates household /’s situation with another

utility function:

u (:z:h; E) . 4

This function is such that @ (z"; E) : R x Ry — R. It will be used in the social welfare function instead
of u" (xh; E) We impose a formal relationship between u (xh; E) and u" (:ch; E ) . One approach to take
into account demerit arguments has been formalised by Schroyen (see Schroyen (2005) and Schroyen
(2010)), for a private (de)merit good. He proposes a scaling approach to commodity consumption. He
uses the distance function d” (:ch,uih; E) : RIXI x R x Ry — R, (see Deaton and Muellbauer (1980)),

which is implicitly defined by

zh ) E 5
' a (xh,uT;E)’dh (xfzﬁ;E) - ®

u

The distance d" (mh,uih; E) is the amount by which private consumption and E need to be scaled to
reach a reference utility level uh If 2" and F happen to be on the indifference curve corresponding to
uh, dh (xh,ﬁ; E) = 1. The planner disagrees with the amount d” (:Jch,ﬁ; E) because of demerit

arguments. He believes that, in order to reach the reference utility level, commodity consumption and
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F need to be scaled by a different amount dP® (xh,ﬁ; E) : RY x R x Ry — Ry. Asin Schroyen
(2010), we assume that the planner uses the following formal relationship between d” (a:h, ul; E) and
arh (azh,ﬁ; E):

@ (ot B) = d (2, Wl E) + ¢E, ©)
with e < 0 a public demerit parameter for the externality with the dimension of a normalised price (a
price relative to income). It measures how much the household should value one unit of externality E as a

percentage of income, on top of its private valuation. It is shown in appendix D that the formal relationship

between u (xh; E) and u” (xh; E) is

h
~ h. _h X . E
(et E) =u <1eE’1eE>

=l (J?h;E) 7
h
T ~ FE
ithzh = — — and F = ——.
Wit 1—eFE an 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.” The planner’s objective changes into

W (z;E) = Xn:)\hﬂ (a:h;E)

h=1

— S (3 5)
h=1

This expression has two relevant aspects, for our purposes. First of all, it is suited to take into account the

externality: each household’s behaviour influences other households’ utilities. Secondly, due to demerit

2Expression (2), household h’s willingness to pay for a unit of commodity j, could now be writ-

ten from the point of view of the planner. Making wuse of expression A7 in appendix A:
h(=h. 5 h(zh.B h(zh.B h(sh. 5

1 BuL(acL,E) +3u‘(m‘,E) o 1 n ZNI Bu‘(:c‘,E)thrauL(xL,E)E . o

ah 82;7' oF 81;‘ 1-eE =1 oz l oF (1—eE)? 81;" :

In the appendix, this expression is used to derive the marginal cost of funds expressions by taking into account not only the effect

on household A’s utility, but the effect on all other households’ utilities.
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arguments, the households’ ‘adapted’ utilities are used instead of their ‘experienced’ utilities. In appendix
A, these two aspects are distinguished. The complication of the model is the fact that each household’s

behaviour implies an effect on each of the other households’ adapted utilities in a non-trivial way.

2.2.3 Marginal cost of funds derivation

Now we are ready to derive the marginal cost of funds expressions. The planner decides about indirect
tax rates ¢ and has a revenue constraint R (t). The planner’s aim is to maximise social welfare such that

the revenue constraint is satisfied, he maximises

_  hoh (ah B
;A u (ac (t),E) (8)

such that

”:‘

©))

M n
1=1 h=1
with R exogenous revenue. The marginal cost of funds of the tax on commodity 7 is

OW (1)
6ti
MCF, = -5t (10)
6ti

It measures the marginal impact on social welfare of raising additional revenue by increasing the tax on
commodity . If the marginal cost of funds of two commodities differs, say for commodities M C'F; >
MCF}, then a budget neutral welfare improving tax reform can be realized by increasing the tax on
commodity j and decreasing the tax on commodity .

(')xh
First we calculate . We assume horizontal supply curves, resulting in fixed producer prices; =

.75 h.

n

h e O}
h=1 j=1h=1

Now we multiply with ¢; and transform derivates into elasticities to obtain the following standard

expression:
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M n
OR (t) " t;
o 0= 2wty Y Ll (n
v h=1 j=1h=1 4
h
Bk
where £” J %
5q¢ X

The numerator of the marginal cost of funds formula, multiplied by ¢; is

oW (1) n_ Quh (Eh (t) ;E)

o, o Z ot,

qi-

The expression for 6‘2;(,75) is derived in appendix A as expression (A22), here repeated for convenience:

oW () OF Ozl
o, Z Zqﬂa dah 7 | A1)
=1 h= 1; 1
+ Alelmt+4¢ | E - — -_—
S e (e (- 504) ) S 5

) 12)

+€EZAI alaq +ZZJW%

h=1 j=1

J
hl

in which A = Mal, the planner’s welfare weight for household (. In the third line, sé and le measure
the impact on household {’s marginal utility of commodity j and the marginal utility of E respectively, if
the household is given 1 percent extra of all commodities and suffers 1 percent extra E, see expressions
(B3) and (B6) in appendix B. Dividing the terms by a!, household I’s marginal utility of income, yields
a value in euro: Z—lﬁ measures the change in household /’s willingness to pay for commodity j (in euro) if
the household is given 1 percent extra of all commodities and suffers one percent extra E. If Z—% is positive
(negative), it means that household I’s willingness to pay for commodity j increases (decreases) when
it becomes better-off. It plays an important role because it measures to what extent the valuations of all

commodities have to be altered if the planner evaluates the households to be worse off than they consider

themselves to be. In table 1, numerical values o are provided, expressed as elasticities?.

1
3 xCr gl = %3
See appendix C: o; = oTa;”
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The interpretation of expression (12) goes as follows. First, start from a situation without demerit
arguments, e = 0. Then only the part in square brackets on the first line remains, measuring the total
impact on household [’s utility of the increase in ¢;. It is a combination of two terms. The first one is
the private impact of the increase in ¢;. It is the term that appears in Ahmad & Stern (1984) as well and
measures the impact of the increase in ¢; on household {’s utility, which is negative. The impact on the
household’s utility is valued using the market prices ¢q. The second term in the first line has to do with the
externality. If ¢; increases, the behaviour of all other households h changes, which in turn influences E.

Each extra unit of E is valued using household [’s private valuation ¢}, < 0. Imagine that a tax increase

AW (t)

o is smaller in absolute value, such that the

has a negative impact on the externality. In that case

societal cost of an increase in ¢; decreases, as expected.

If there are demerit arguments (e < 0), three types of corrections can be seen in the expression. We
will deal with them subsequently. First of all, the first line is multiplied with (1 + eE) < 1. Every unit of
private utility counts for (1 4+ eFE) units of social utility. The part e E' has the dimension of a budget share,
measuring the total demerit value of the externality, expressed as a percentage of income. For this reason
(14 eE) is the share of the households’ private commodity valuation the planner takes into account. If
the demerit arguments are greater, the households’ private utility counts relatively less. Note that, because
all the M C'F are multiplied with the same number, this term does not cause any changes in their rank in
itself, but decreases the absolute differences between the M C'F’ of different commodities.

The parameter e appears in the second line of the expression as well. As in the first line, the part
Yon_y M =1 6:v 9%) measures the impact on E due to the change in ¢;. Each extra realised tonne of CO»
is valued by e (m + qE (E Z b1 Ba:l xﬁﬂ)), measuring how much extra the planner values a unit of
E for household [ (on top of gk).* As such, it strengthens the effect of the second term in the first line.
Imagine again that an increase in ¢; decreases the amount of E. In that case the second line is positive, so

8‘:;/( ) is smaller in absolute value and the M C'F;; is lower. This is what is termed the ‘direct’ effect in the

4This term is expressed in euro. Remember that the demerit value of the externality e is expressed as a percentage of income. If
it is multiplied with income, we get a value in euro. The term m! + qu <E Zk 1 a l x k) can be seen as household I’s
income incorporating the value of the externality, as q% (E Z b1 8 ) < 0 measures the value for household  of other
households’ emissions (see Cornes & Sandler (1996) who view externalities created by others as an amount of income for the

individual).
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introduction of this paper.

The last line of the expression is the ‘scale’ effect, the correction for the fact that the planner evaluates
the households as worse off than they consider themselves to be. Households are evaluated at a distance
el from the utility level they consider themselves to be at and because of this commodity valuations need
to be adjusted. The terms Z—% and % measure how much the valuations of commodities and E change
due to a one percent distance from the welfare level they consider themselves to be at. The first term in
square brackets in the last line takes into account the change in the valuation of private commodities. In
the empirical section this part will prove to have considerable influence on the rank of M CF.

The second term in the third line takes into account the impact on the valuation of the externality. It
depends on %, measuring the change in the households’ valuation of E' when they are put on a different

utility level. The sign of s, depends on the way households at different utility levels value the externality.

If better-off households value the externality higher, the sign is negative (note that ¢4, < 0).

2.3 Empirical application

2.3.1 The data

In the empirical application marginal cost of funds are calculated for indirect taxes on 13 commodities
in Belgium, using expression (C3) from appendix C, a simplified version of expression (12). Seven
categories of information are needed: data on budget shares for 10 income deciles, the valuation of the
externality, the total amount of carbon dioxide emission E, welfare weights, information on the impact of
commodity consumption on E, price and cross price elasticities, and scale elasticities.

The 2004 household budget survey provides information on budgets spent on each of these 13 com-
modities. Table 1 contains information on the indirect tax rates on each of the commodities, the impact on
CO; emissions of a 1000 euro increase of the expenditures on each of the commodities and their budget

shares.

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. The value

for q}}E is based on the value of one ton of carbon dioxide at the world level, assumed at 20 euro per
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Table 1: Data

cat. commodity short  tax% % CO,/1000€r;  Budget shares w;
1 Alcohol & Tobacco AT 0.431 0.433 0.031
2 Food & Beverage FB 0.058 0.392 0.088
3 Meat & Fish MF  0.060 0.923 0.039
4 Clothing & Shoes CL 0.172 0.100 0.047
5 Rent & Water RW  0.046 0.362 0.215
6 Electricity EL 0.186 1.768 0.021
7 Gas GA  0.181 1.376 0.014
8 Other fuels (heating) FU 0.209 1.181 0.009
9 Durables DU  0.174 0.315 0.050
10 Services SE 0.152 0.127 0.353
11 Car Purchase Cp 0.169 0.194 0.055
12 Car Use CU  0.500 4.965 0.072
13 Public Transport PT 0.057 0.202 0.007

ton. We want to know the valuation at the level of a Belgian income decile. This is calculated based on
the assumption that the income elasticity of this valuation equals 1. This amounts to an average value of
around 0.5 eurocents per Belgian income decile. The value for E is the total amount of CO, emission
at the world level. The welfare weights are determined using the formula used by Ahmad & Stern:
Al = (T”;—;)U with v > 0 a measure of inequality aversion and m! the income of the poorest decile.
In the simulations the value for v is taken to be equal to one.’ Information on the impact of commodity
consumption on the externality (for r;-‘ in expression C3) is calculated from input-output analysis based on

data from Belgostat (National Bank of Belgium) and from data on the amount of carbon dioxide emission

per production sector.

Finally, price elasticities are derived from the estimation of a linearised almost ideal demand system
(see Deaton and Muellbauer (1980)). National accounts data and price data for 54 years (1953 - 2009)
are used to estimate the system of 12 budget share equations (as a SUR model, see Greene (2008)). A
restricted feasible GLS is estimated and iterated with the variance-covariance matrix of the previous step
used as weights in the next step. When estimating the demand system, the compensated own price elas-
ticities of four commodity categories (alcohol & tobacco, meat & fish, other fuels and durables) appeared
to be positive. This is inconsistent with demand theory, so four extra constraints have been added to the
demand system, setting these compensated demand elasticities equal to 0. The scale elasticities are calcu-
lated from the compensated price elasticity matrix based on a procedure put forward by Schroyen (2010).

The estimation procedure is described in appendix E and the results can be found in appendix F.

SThis implies weights between 1 (for the poorest household) and 0.25 (for the richest household). Sensitivity analysis with values

of v between 0 and 2 implies no considerable impact on the results.
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Sensitivity analysis is performed for different values of e. As a reference, the IPCC calculations are
based on damage estimates for a tonne of COy between 6 euro and 400 euro (see e.g. Tol (2005) and
Tol (2011)), so this will be the range for the simulations in this paper. In our base case, the value of one
tonne of carbon dioxide emissions is equal to 20 euro (or 0.5 eurocents per income decile). The parameter
e is varied so as to reflect the differences in valuation of £, simulations are performed with values of e
as a multiple of the average value of a tonne of carbon dioxide. It has the dimension of a price relative
to income. The parameter e ranges from zero to 20 times the average valuation of one unit of E' as a

percentage of income,

Tg = 27:1 qu
= i=1°F
>y m!

This implies that the value of a tonne of carbon dioxide in the simulations lies between 20 euro and 420
euro. For these values, eFE lies between 0 and —0.205, so 1 + eFE is between 1 and 0.795, or, for the most
extreme value of e, the planner considers the households to be 20.5% worse off.

Three simplifying assumptions are made for the calculation of the M C'F: first, price and cross price
elasticities are the same for all households: 5?1- = gj; for all h. Second, it is assumed that the impact on
FE of commodity consumption is the same for all households: r;-” = r; for all h, and third, it is assumed

that the scale elasticities are the same for all households and that o, the scale elasticity of E, equals -1.

The numerator of the M C'F is expression (C3) in the appendix.

2.3.2 Results

The results are shown in table 2 below in which the contribution of each component of the M C'F is shown.
The situation without demerit arguments is shown on the left side of the table. Numerically, only the part
due to Ahmad and Stern (1984) plays a role because all terms incorporating the externality (the second
term in the first line of expression (12)) are close to 0. This means that the externality does not matter
much for a planner who accepts consumer sovereignty. As we move to the right in the table, demerit
arguments start to play a role. These entail a number of rank switches that we will focus on.

The incorporation of demerit considerations has a multiplicative effect on each of the marginal costs
of funds (see expression (12)). For each value of e < 0 there are four columns: each first and second

column provide the rank of commodities and their marginal costs of funds taking into account the three
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corrections (columns ‘rank’ and ‘M C'F” respectively). Each third and fourth column (labelled ‘direct’ and

‘scale’ respectively) provides numerical information on the impact of the demerit arguments of the second

and the third line of expression (12). Remember that the correction of the first line of expression (12) only

decreases the relative importance of private utility, no rank switches are caused by this correction. The

only consequence is that it diminishes the difference between the M C'F of different commodities®. In the

other two columns it can be seen clearly that the direct impact of the demerit arguments is numerically

small, all rank switches are caused by the scale part. All direct demerit effects have a negative impact on

the M C'F'. It makes the societal costs of an indirect tax increase slightly smaller.

Table 2

e=0 e=4ng e=8mg e=1271g e=20ng
rank MCF | rank MCF direct scale rank MCF  direct scale rank MCF  direct scale rank MCF  direct scale
EL 0900 | CU 0803 -0.0009 0.133 | CU 0901 -0.0018 0265 | CU 1.001 -0.0027 0398 | CU 1215 -0.0044 0.664
CU 0699 | AT 0777 -00001 0.111 | AT 0860 -0.0002 0223 | AT 0942 -0.0003 0334 | AT 1.108 -0.0004 0.557
AT 0694 |EL 0775 -0.0003 -0.089 | DU 0704 -0.0001 0.111 | DU 0733 -0.0002 0.167 | CL 0870 -0.0001 0.459
GA 0678 | DU 0675 -0.0001 0056 | CL 0.658 -0.0000 0.184 | CL 0723 -0.0000 0276 | DU 0791 -0.0003 0278
MF 0664 | MF 0614 -0.0001 -0.023 | EL  0.649 -0.0006 -0.178 | EL 0523 -0.0009 -0267 | SE 0517 -0.0001 0.142
DU 0646 | GA 0609 -0.0001 -0.040 | MF 0564 -0.0003 -0.046 | MF 0514 -0.0004 -0.068 | FB 0440 -0.0002 0.064
CP 0641 |CP 059 -0.0000 -0.025 | GA 0541 -0.0002 -0.080 | SE 0499 -0.0000 0085 | MF 0414 -0.0007 -0.114
RW 0541 | CL 0587 -0.0000 0092 |CP 0539 -0.0000 -0.049 | CP 048 -0.0001 -0.074 | PT 038  -0.0001 0.087
CL 0517 | RW 0508 -0.0000 -0.010 | SE 0490 -0.0000 0057 | GA 0473 -0.0003 -0.120 | CP 038 -0.0001 -0.124
FU 0476 | SE 0481 -0.0000 0029 | RW 0476 -0.0001 -0.021 | FB 0453 -0.0001 0.039 | RW 0378 -0.0002 -0.052
FB 0472 | FB 0465 -0.0000 0013 | FB 0459 -0.0001 0.026 | RW 0443 -0.0001 -0.031 | GA 0337 -0.0006 -0.201
SE 0472 | PT 0382 -0.0000 0017 |PT 038 -0.0000 0.035 | PT 038 -0.0001 0052 | EL 0271 -0.0015 -0.444
PT 0381 |FU 0372 -0.0002 -0.084 | FU 0268 -0.0003 -0.168 | FU 0.165 -0.0005 0252 | FU -0.043 -0.0008 -0.421

Households are evaluated by the planner at a lower utility level, which changes their willingness to
pay for each commodity. If the scale elasticity is positive (negative), the household’s willingness to pay
decreases (increases) on this lower utility level. In table 1 numerical values can be found for the scale
elasticity for each commodity. The scale elasticities of six commodities are positive (electricity, gas, meat
& fish, car purchase, other fuels and rent & water). The rank of the M C'F’ of these commodities decrease
as the value of e goes up. The reason is that the households’ valuation of these commodities is considered
to be lower, because of this the marginal cost of funds decreases. It is less costly for society to increase
the tax on them when demerit arguments play a role, because households’ valuation of these commodities
are lower.

For the seven other commodities (car use, alcohol & tobacco, durables, clothing & shoes, food &
beverages, services and public transport), the scale elasticities are negative. The households’ valuation

of these commodities is considered to be higher, because of this the marginal cost of funds increases.

5Going from left to right in table 2, the value for (1 + eE) is 100%, 95.9%, 91.8%, 87.7% and 79.5%.
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As a consequence it becomes more costly for society to increase the tax on these commodities when
demerit arguments play a role. 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 positive
value in this column rank highest. This implies that the incorporation of CO, as demerit externality
stimulates the planner to put a higher tax on commodities for which the normalised willingness to pay
increases when households get richer, and a lower tax on commodities for which the willingness to pay

decreases when individuals get richer.

2.4 Conclusions

If households postpone decisions to decrease their emissions of carbon dioxide, they undervalue the future
consequences of their behaviour and their valuation of a ton of carbond dioxide is too low. From an
economic point of view, this is understood as a situation in which carbon dioxide emissions have demerit
properties: the value the planner attributes to one ton of COs, differs from the value the households attribute
to it.

In the theoretical section of the paper it is shown how the existence of these externalities with demerit
properties influence the marginal cost of funds of indirect taxes and as a consequence the planner’s indirect
tax decisions. The marginal costs of funds of indirect taxation need to be adapted, first for the externality
problem and second for demerit considerations. The consequences of incorporating the demerit arguments
in the MCF are threefold. There is a direct effect due to the fact that the externality is valued higher.
The second effect is a scale effect. Households are considered to be worse off than they think they are
and because of this are assumed to have a different valuation for the commodities. This is taken into
account in the M C'F expressions using the scale elasticities of each commodity. The third correction has
to do with the fact that household utility counts less relatively because the planner takes into account the
consequences of something that was not valued sufficiently before. Especially the scale effects prove to
be important empirically. The direct effect is numerically negligible. The third correction does not create
rank switches because all M/ C'F' are multiplied with the same number.

In the empirical section M C'F’ of indirect taxes on 13 commodities are calculated for Belgium. If only

the externality is taken into account, no rank switches are realised. Only when demerit considerations are
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taken into account the M C'F ranks switch. These rank switches are mostly due to the fact that 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 M C'F ranks of electricity, meat & fish, gas and fuels
for heating decrease, and the M C'F ranks of clothing & shoes, durables, food & beverage increase. A
revenue-neutral welfare increasing tax reform could consist of an increase of the tax rate on the former,
and an decrease of the tax rate of the latter.

This model is applied to carbon dioxide emissions as demerit externality, emitted because of the
consumption of 13 different commodities. The amount and type of commodity categories is based on
the division made in the household budget survey. With more specific data on categories of commodity
consumption, it would be possible to calculate marginal costs of funds more specifically. Imagine, for
instance, that the government distinguishes between types of car use and is able to put a lower tax rate on
carpooling than on car use by one individual. Then the marginal cost of funds could be calculated for ‘car
use alone’ and ‘car use for carpooling’. This is not possible with the information at hand, since there is no

information on price elasticities and on emissions. This might be a topic for future research.
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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 (2)):

i . (A1)

We investigate the impact on social welfare of a change in the tax rate on commodity ¢. The welfare

function the planner maximizes is

n / g 2t
=YX ZE} 2731 a§?+7A o | o | @

In the second line it can be seen that the tax increase influences all households’ (indexed h) commodity

consumption, which influences in turn (via E) household [’s utility. In the last line we use the assumption

a9z . . . . .
that 8? = 8:;{ . We take a closer look at the part in square brackets in the last line, measuring the impact

on household [ of an increase of t;, taking into account the behavioural response of all households. It is
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the building block for the numerator of the M C'F expressions. Call this w! (:?l (e),E (e)) :

W (7 (0), B (e) :’éi u, o (75 F) o N oul (3 E) 9E \ 9}

=\ ozt 3733? OF ax;? q;

This expression can be split up in two parts: one part that has to do with household {’s behavioural

response and one part that has to do with the other households’ behavioural response:

j=1 \ k=1 6@2 81’2 oF axé- dq;
b v (0 oul (7(e) B €) gz, 0ul (7 (). B () o5 \ ou
i}z;% j=1 \ k=1 8552 8x? OF 5'55;‘ 0g¢;
M l n M h
~ = oz N ~ ox"!
=>4 (70, E©) 52+ 2D Al (7 (@) B le)) 52 (A3)
j=1 | i
hAl
with
4 (Al( ), E( )) i o (El (), & (e)) oz, o (”” (e), B (e)) OF (Ad)
xr (€e), e = — __ R
P 0z} Oz oF o,
and
~ M gul (7 (e), E (e) A € (e),E (e) oOF
Al (3 (), B (e) ( T ) s

We want to know how expression (A3) behaves for different values of e, so we linearise it around

w! (531 (0),E (0)) to get:

Mo or M (30, BE)| o
;Ag ( L(0) ,E(0)> - +€J:1 o L, aq,]»
n M ~ h n M 9AL (7l (e),E (e) h
. 1 (’)xj J ( ) 8x]
+ hzl J; Ajh (.T (0) ’ E (0)) 8q2 te hgl J; Oe e=0 5% ' (A6)
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0AL, (7' (e),E(e))
and —mp

e=0 e=0

0AL('(e),E(e))

de

AL (Al (), E (e)) and AL, (@l (e),E (e)).

In order to derive the terms we need expressions for

Derivation of A} (il (), E (e)) and A'), (@l (), E (e)) :

In expressions (A4) and (AS) it is clear that there is an effect on utility through the consumption

of private commodities and through E. First of all remember that Z = 2/ (1 — eE)  and F =

E(1- eE)fl. Based on this, we calculate for all k£,1 and ‘9 7. Observe that the expression for

T,

will look a bit different because x/ influences 77 both directly and indirectly via the effect on E:

0z
6h

ozt 1 N easé. 9E
Ozt 1—eE  (1—eE)* 02l

K2

oz, B ext, OF
ot (1—eB)? Ol

7

and

oF

h
Ty

1 el
1—cE (1—eE)?

1 OE
(1—eB)? 0z}

o
oxh

Now we fill in these in expression (A4) and (AS5) to get

o (210.50) oy (F10.800)

Al (7 E - a3 ~ R
(@@ E ) ; 07 ot OF ol
exk OE  ou 1 oF
= = (A7
1—eE8§:‘l Z eE)? 89: +8E(1—eE)231’§ (A7)
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and

AL, (il () ,E(e)) _ i ou! (fl;;)l,ﬁ(e)) % . ou! (El (ez,E(e)) @
k=1 k J

B ﬁj: oul encé€ OE  oul 1 oF

-~ . 9 N - =< 9 1 - A8
=0T} (1—eE)? 0z} QE (1 - eE)” 0z} (A8
Observe that, from expression (A7),
~ out  oul OF
AL (7 E =t A
(# ). 2) OF a7 (A9)
and from (AS)

~ oul OF

1 (Al _ ou oL
Al (70, E0) = 5= o7 (A10)

The linearization

In order to facilitate the derivation, we start by multiplying expressions (A7) and (A8) with (1 — eE )2

to get
(1-eB)? AI(AI()’E(e)):(l—eE Al+ZaAll Lgf Z%lgz, (AL1)

and
(1—eE)* AL, ( ) i l ggf Zggf; (A12)

Observe that, for the linearisation, the derivative of the left hand side of expression (A11) with respect

to e is

o[(1—eB) AL (3 (), B (0))]
Oe

— 2(1—¢E)(-E) A (fl (), E (e))

evaluated at e = 0, we get
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o[ -eB) 4l (3 (0). B )|
Oe |e:0 -
oA (+0),50) + oA, (@ ((;e) E(e) »
SO

o (#(e), Ee)|

Oe =0
2[(1~ep) A;e(gl (e), B (e )}!P_OJrzEAé (+ 0,5 0) (A13)

. . . 8AL, (7' (e),E
A similar expression can be derived for M

e=0

Now we are ready to calculate the derivatives. The derivative of expression (A11) evaluated at e = 0

is (remember that the marginal utilities depend on the parameter e)

) [(1 —eE)? Al (al (e),E (e>)}

ol L oul , OE
- B 2 g
e =0 ozl * ; oxt, T oal,
M
82 l . 82ul
E + EFE
Ta.1 Lk 7
2= 9ald 021 0E
M
2d | OF 9%l . OF
9= L9V gpZt. Al4
+kz; 8E5$§€ k xé (8E)2 8x§ ( )

M
u' , OF 0%l . OF 0%ul OF

E — 1, — E EF—- FE—— Al
oxl "o " OB)? " 0" (ALS)

J



MCF AND DEMERIT EXTERNALITY

This implies for expression (A13), taking into account expression (A9) and (A14):

AL (3 (e )7E<€>)| oul L oul | OF
M
k_laj;;gcx;E+aingEE
+2F (gul + gggi) .

Now take into account expression (B3) from appendix B,

oAL (7 (), B (e))

ot ﬁ/[:(“)ul | OB

S St S
e =0 9zl = Oz}, ok ol K
out ou' OE
2E | — + —==— | -
" (axg " oE az§.>

Rearrange slightly to have

04} (# (). E(0))]
Oe le=0

oul  oul OF Moou ,  oul )\ OE
(W - MW) E+ (Z 8756332 + (,)EE> 5t s\E. (A16)
J J J

0AL, (&'(e),E(e))

For we take into account expressions (A13), (A10) and (A15) to have

e=0
Dy DB s D p O O O pout O
Ozl " * 0 0Edx, " 0zl T (9E)? 0alt OF Oz’

oul OF Moou , oul )\ OE , _OFE
%E+<Zxk+E @HEE@. (A17)
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Now we can fill in expressions (A9), (A10), (A16) and (A17) in expression (A6) to have
M .
= out oul OE \ Ox
1 (=1 - ou’  Ou Jdb
w; (x (6) aE(e)) ~ Z (&Tl» OE a,xl‘) dq;
Jj=1 J J
M M !
out  oul OF ou oul OF ozt
+e E+ —xi —FE|—+4E J
; ((633 OF 0z ) (k:l 3332 OF ) 3332_ J 94,
n M h
oul OF Ox
DI
Pt oF oz 0q;
h#l
b2 M M h
oul OF ( ut o oul ) OE 8E>3x4
+e =t —a,+ =F Sp J
%; <‘9E O} kz:l O, OF ah ozl | 0g;

This is the building block for the marginal cost of funds expressions, fill it in in expression (A2):

ZM
+ zn: A
=1

n

+Y N

=1
n

+Y N

=1

Rearrange to get

ow (t)
ot;

Z ou ﬁi‘f’i 0a;
au aul aE Moout , ou )\ OE )\ Oz}
2": oul OF 0z
_ aE 3x’; 8q2
_h; )
Z oul OF M ou oul OF oF \ oz
E by T p| =y J
e;2<8Ea T (2_: 0" " 9E )893? s aﬁ) 9u;
I =
(A18)
n M n
ot oul OE ul OE Ox
1
;A -21(3fl 3E8x>8qz ;ZaEax;@al (1+¢E)
- o h#l
n n M M h
oul ot OF \ Oz
=1 h=1j=1 =1 Oz, OF amj dq;
n M l n M
Oz, OE Oz
E ! )
+e ;/\ jz:;s 90 Zz; Eamh 3q
het

Now note that the term in round brackets in the square bracketed term in the first line equals a'q; with o
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household /’s marginal utility of income’:

n n
ou! OF 51’
— l _3
_Z:)\ Z:aqja +ZZ&E81¢’; 90, (1+e€E)
- a h#l '
n M n M H
oul ou OF 0z
ey (o ) 3oy 20
=1 k=1 8xk OF h=1j=1 ax] 9q;
n M 1 n M h
9] OF 0z
DI L o) i @)
=1 j=1 h—} j=1 Ty 04
Divide and multiply the second term in the first line, the second and the third line with o’ to get
n M 8u
oW (1) 11 OF 3$
Na e —2 1 (1 E
ot Z Zqﬂa lalaxgl@qz (1+eE)
h;él
n M Ll n
oz} OF Ozl
+ed N[> k+8EE ZZ&M
=1 k=1 he1j=1 95 94
n M 1 1 n M h
11 55 0} s OF O0xj
=1 j=1 h;é% j=1
Now take into account expression (3)
dul
ap = 2F,

household [’s valuation of a unit of E, split the second part of the term in round brackets in the second

line and take into account expressions (2) and (3) to have

z>.

M L oul M a— Bu ou! M
Oz + aiEE Oz l aE + 37E 7E
i ¥ < Oz}, i o2l
k=1 k=1 k=1 k‘
oE
=m!+ ¢4 E—Zﬁxg . (A21)
Oz},
k=1
"Household I’s consumption bundle is the solution to the maximization of Lagrangian L = u ( ! E) —« (Z J=1%; qj
. oul (abE oul (ab5E
(8) | 0 _
J

The first order condition for commodity j is o2l
i
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Finally fill in expression (A21) in expression (A20) and set A'a! = A’:
OW (t) OF 833
%, Z Z%a +QEZZW 5a | (L+eE)
h=1j=1
hAl
n M n M H
ok OF 0x
e (ot 2 lzz))zzh j
=1 k=1 Oz}, h=1j=1 Oz 0q;
n M 1 l n M h
l s; 0; st OF 0z;
+eBY A ZJ@CIZ"FZZJWW (A22)
hAl
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APPENDIX B: Derivation of the scale effects

The scale effects provide information on how household [’s marginal utility of commodity i changes
when all commodity consumption levels and E change. Start from expression (A9) and assume only

% = 0 for all r. Household I’s marginal utility

i ks

linear effects of commodity consumption on E, so

of commodity j is

out  oul OF

1 (Al - _ouw  ou ok
4; (:1: (0) ’E(O)) - (“)xé- + OF (“)xé-'

Take the derivative of this expression with respect to ., multiply with x'. and sum over all r to get

M AL (7 E M M
Z@AJ (2 (0),E(O))xl 3 Pl 5 2 or )
— Ozl 1 dxkoxl " 4~ OBz, ozl

Take the derivative of the expression with respect to £ and multiply with £ to have

8A§ (i‘\l (0) ,E (0)) B 924! N 92y aﬁE 52)
OF N szaE (8E)2 8x§» '
Take the sum of expressions (B1) and (B2) and call it sé»:
M M
0! %t OF 0%ut 0%ul OF
I ! T — B3
5= 2 gataar ™t 2 pEoal 0 T 3o T om)? 0d] )

measuring the impact on household [’s marginal utility of commodity j if all commodities and E increase

with 1 percent.

From expression (A10),
1 (A o
4 (2 0.50) = 5 dah

we derive in the same way

(B4)
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and
oAy, (30, E©0) o8 ol 55
OE ~ 0z" (9E)?
Taking the sum of expressions (B4) and (BS), we have
M
0%l 8E o%u!
sl 2 g g B
B 6xh Z OEdLL " axg (OE)? (B6)
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APPENDIX C: derivation of the MCF; formulae used in the empirical section.

Derivation of the numerator of the M CF; formulae

First turn back to expression (A22) and take into account that Z =1 gzj =—gl8
n n M
ow l ! 1 0 8
=1 h=1j=1 T
h#l
n M
OE 0z
l l
—l—eZA m! E( Z ))Zzaxh dq;
=1 k= h=1j=1""4 ~%

s &v s 3E59€
T wpeb Lt

hl

n M 8 a h
OIS D) DR P CR)
h=1 j=1 J ¢
h#l1
n M
oF 833
l l l
reyoat| (e (523 25t ) ) 0 080
=1 k=1 h=1j=1
n M 1 1 n M h
st oz, st OF Ox"
+eEY A g+ B g Cl
Z 2ol 9g, " Z Z ol 9% dg; ! €D
=1 j=1 h=1j=1 J
h#l
. . . ozt . . .
Now transform derivatives into elasticities; aé-i = az-? ;Z—L For the first and the second line, take into ac-
i x;
6E ox B 9E 3( )81} a(qg'x?) ozh o OE ozt 9 h o
count that 75 aq q = 3(geh) 02F Pu q; and note that a(qﬂ?) DaT aq: G = Bara J)qj aqj Jh-xj =

ﬂ ]qj This implies that

OF 633 hoh b
6‘xh 5611 o, 4 =T8535 45

oOF

: h _
with ' = 3(a,a")

1
For the first term in square brackets in the third line, note that % is the impact of a percentage increase

in all commodities and £ on household I’s valuation of commodity j. If it is divided by ¢;, we have a

8To see this, differentiate the identity Z J=1 xt 54 = m! with respect to g; to have Z J=1 89; q; + z =0.
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scale elasticity, so cré- =

. It implies that
arqj

I .l l
i@xj q-quj _ 3xj i q -
i~ =
ot dg; qjxé J 0g; J
R~
= €545 T4

It measures the change in household [’s valuation of commodity j due to the increase in the tax on com-

modity .

Finally, multiply and divide the second term in the third line by ¢}, and note that o, = asll;f, is the
E
scale elasticity of the valuation of E by household /. It measures with what percentage the valuation of £
changes if household [ gets a percent more commodities and F.

Use these to fill in in expression (C1):

ZAZ —q;x; —l—qEZZr eﬂx]q] (1+eE)

h;él] 1
n M op n M
+ eZAl <ml + ¢l (E — Z 81:13:2>> Z f Za:j’qj
=1 k=1 "k h=1 j=1
n
—|—eEZAl Zajeﬂqjxj +qEZZO'ETJ Jlxj g |, (C2)
i7h

a simplified version of which will be used in the numerical application:

l l l h
g, 6= 2 A [—ami e Y D rieia;| (1L+eB)

=t hat o=t
—i—eZAl m +qEE ZZTJ ﬂqu]
1=1 h=1j=1
+eEZAl Zo €5:05T; +qEZZgEr €T ] , (C3)

h=1 1
(ke



MCF AND DEMERIT EXTERNALITY 45

APPENDIX D: From private utility to public utility
Define u (;vh; E) as

- ah FE —
u — : — = uh.
dprh (xh,uh; E) drh <xh,uh; E)

If dPh (xh,ﬁ; E) =1,thenu (mh; E) = uh. Now use expressions (6) and (7) to get

h
E _
u” - ; — = uh,
dprh (a:h,uh;E) —eE dprh (J:h,uh;E> —eF
which implies that
~ zh E h zh E

u =Uu

P (xh,ﬁ; E) " drh (xh,th; E) P (xh,ﬁ; E) —eE drh (xh,th; E) —¢E

If this expression is evaluated at P (mh, u7; E) = 1 (this means that the planner evaluates the household

at the bundle he is actually consuming) we get the required expression.
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APPENDIX E: Estimation

In order to calculate the price, cross price and scale elasticities needed for the calculation of the
marginal cost of funds expressions, a demand system needs to be estimated. We estimate the linearized
almost ideal demand system (LA-AIDS) of Deaton and Muellbauer (1980) as a seemingly unrelated re-
gression model (SUR). We use data on the consumption of 13 commodities, for the period of 1953-2009,
for Belgium. The budget share data and price data are based on the national accounts. The observations
of 1992-1994 are not included, as the data collection method differed in these years. There are 54 years

of observations and all years before 1992 get a dummy.
The 13 budget shares are

13
w; = a5 + Z'Yij log g; + B; log (%) + 0;d (El)

j=1

with ¢; the price of commodity j, with m the amount of income, P a price index and d a year dummy. For

13 w; log g;. With P & U P*,

K2

simplicity, the price index P is approximated by Stone’s index log P* = 3
we can write
13 m
w; = (a; — Bilog W) + > 7;;1og q; + B; log (—) +6;d (E2)

P*
j=1

In total there are 13 equations with 16 parameters, so 208 parameters to estimate. Demand theory pre-

scribes a number of restrictions on the parameters of this model:

13 13 13 13 13
Yot Y0 Y=o YAt Ya-o
i=1 i=1 j=1 i=1 =1

Yij = Vi (E3)

As the sum of all budget shares in expression (E2) equals one by definition, this is a singular system. In
order to be able to estimate the system, one equation is omitted, the coefficients of this equation can be
determined by the restrictions in expression (E3). It has been shown that it does not matter which equation

is omitted (see Wooldridge (2002)). Using the fact that ;15 = — >°.2 | ;5. and with af = a; — 3;log ¥,
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expression (E2) can be written in estimable form as

12
wi =l + > yiglog -+ filog () + 6+ (E4)

j=1

with u; disturbance. The number of parameters to estimate has decreased, now there are 12 equations
with 15 parameters and in total 66 restrictions, so there are 180 — 66 = 114 parameters to estimate. More
specifically, with y a 648 x 1 matrix with budget shares (12 times 54 observations of budget shares), a
648 x 180 block diagonal data matrix X containing 12 blocks of 54 x 15 data matrices x containing
a column of ones, 12 relative prices, real income and the year dummy. In matrix notation, we want to

estimate the coefficients of

y = Xb+u
w1 z 0 0 bl Uy
wWa 0O 0 O bo U2
= +
0 . 0
w12 0 0 0 x b12 Uu12

The estimation procedure we use for the system of equations is iterative feasible generalized least
squares, which provides an efficient estimator (Wooldridge (2002)) that converges to the full informa-
tion maximum likelihood estimator (Kmenta and Gilbert (1968)). First a restricted OLS regression is
performed to estimate the 114 parameters, then based on the residuals u a variance covariance matrix is
estimated to perform the GLS estimation in the next step. This procedure is repeated until convergence.
The OLS estimator can be calculated using a 66 x 180 matrix R with restrictions and a 66 x 1 vector r
of zeroes, the restricted 180 x 1 OLS coefficient vector bprs can be calculated as (see Johnston and Di

Nardo (1997)):
bors = (X'X) ' X'y + (X' X)"' R [R (x'x)™ R’] B (7" “R ((X/X)*1 X’y)) .

With the error terms of this regression, a 12 x 12 variance covariance matrix is estimated, the kronecker

product of which is 2, a 648 x 648 variance coveriance matrix. This matrix is used as weights in the next
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step of the feasible generalized least squares calculation:

1

b= (X'Q7'X)  X'Qly

+ (X' X) R [R(X'QX) R - (r-r(xo'x)'xo ).  ®

This procedure is repeated until the parameters converge. The estimates of b* are such that four of the
compensated own price elasticities are above zero (commodities 1, 3, 8 and 9). Four extra restrictions are
imposed on the system in order to make sure that the compensated own price elasticity are equal to zero.

This implies that the matrix R becomes a 70 x 180 matrix and r a 70 x 1 matrix with restrictions.

With the parameter estimates for expression (E4) in hand, uncompensated (Marhallian) price elasticity
can be calculated as in Green and Alston (1990)°:
Yij — Biw;

gij = 0+ ———, (E6)

with 0;; = 1 when ¢ = j and zero otherwise, and the compensated (Hicksian) elasticities can be calculated

as

c Bi
ef; = eij +w; (1 + j . (E7)

%

Income elasticities can be calculated as

€im =1+ & (E8)
wj
The scale elasticities can be calculated based on a procedure put forward by Schroyen (2010). They

measure with what percentage the willingness to pay for a commodity changes if the consumer is put on a

different consumption level. The procedure goes as follows. Let w be a column vector with the 13 budget

°In fact, €ij = —0;5 + wi (’yij — B . The last part of the latter

BlogP*) a dlog P* O log wy
i Blogqj ’ .

— s 13
d dlogq; wj + Zk:l Wi Iquk 9logq;

expression is assumed to be zero, hence expression (E6) follows.
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shares in one year. Based on this, a diagonal matrix W is created:

w1 0

let I be a 13 by 13 matrix of compensated price elasticities, and M a vector with 13 income elasticities.

S w
Now calculate S = WFE and b = WM. Now the matrix can be formed, the inverse of
w0
T 1
which is . The vector of scale elasticities can be calculated as ¢ = — (Th + 1), see (Schroyen
10

(2010)).
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Appendix F: Data and results

i

Hicks

cat. commodity short tax% th CO2/1000€ r; o, w; € Eim

1 Alcohol & Tobacco AT 0.431 0.433 -2.650 0.031 0 0.587
2 Food & Beverage FB 0.058 0.392 -0.736  0.088 -0.289 0.662
3 Meat & Fish MF  0.060 0.923 0.688 0.039 0 0.068
4 Clothing & Shoes CL 0.172 0.100 -4.010 0.047 -0.574 0.205
5 Rent & Water RW  0.046 0.362 0.575 0215 -0.155 0.849
6 Electricity EL 0.186 1.768 2501  0.021 -0.900 1.158
7 Gas GA  0.181 1.376 2.699 0.014 -0463 0.319
8 Other fuels (heating) FU 0.209 1.181 3286 0.009 0 -0.161
9 Durables DU 0.174 0.315 -1.609 0.050 0 1.462
10 Services SE 0.152 0.127 -1474 0353 -0.484 1.334
11 Car Purchase Cp 0.169 0.194 1.177  0.055 -0.639 1.696
12 Car Use CU  0.500 4.965 -3.602 0.072 -0.642 0.961
13 Public Transport PT 0.057 0.202 -0.751 0.007 -0.172 0.250

10This is the scale elasticity of each commodity. Calculations are based on the procedure put forward in Schroyen (2010), see

appendix E, o=

" ncome elasticity of each commodity.
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3.1 Introduction

A good job is an important part of life: individual well-being, self-confidence and self-worth benefit
from having a better job (Green (2006)). Like well-being, job quality is an inherently multidimensional
concept. Income is surely one of its dimensions, but other aspects of a job should be taken into account
as well, such as the autonomy or the stress experienced in the job. This makes the measurement of job
quality difficult, as a weighting scheme is needed for its dimensions. In this article we solve this issue
by using the distance function to measure job quality (see Lovell et al. (1994)). Our calculations will be
based on five key dimensions of job quality proposed by Green (2006): income, skill utilization, work
endeavour, personal discretion and risk. We investigate to what extent there is inequality of opportunity
during the first year on the labour market and in the job at the age of 26. We use a questionnaire based
dataset on labour market entry (SONAR) in Flanders, the northern part of Belgium. Besides information
about individual characteristics of the respondents, the dataset contains information on their first job and
their job at the age of 26.

There are several reasons why the quality of jobs matters from a public and welfare economic point
of view. People spend a large part of their lives at work and what they do in their job is linked to who
they are, as many people identify with the jobs they do. Furthermore, a better job increases future job per-
spectives and reduces the burden of working longer (see Clark (2005) or Green (2006)), which is a major
challenge for many economies (Loughlin and Barling (2001)). It allows a person to be an active member
of society and reduces the likelihood of criminal behaviour for young people (Allen and Steffensmeier
(1989), Uggen (1999)). Hence there is considerable societal concern for equality of opportunity in the
labour market (see e.g. Kalter and Kogan (2002, Khattab (2012), ILO (2012), Brynin and Giiveli (2012)).
For this reason, labour market agencies have been created in many countries to promote and facilitate high
quality jobs for all citizens. One of their main concerns is equal access to the labour market and many of
their efforts are especially aimed at young workers (ILO, 2012).

This article deals with equality of opportunity for multidimenional job quality of young workers.
This consists of two separate issues: the first one is fairness in achieving job quality, the second issue is
multidimensional job quality measurement. We deal with them one by one.

Ideas about fairness have been articulated in the equality of opportunity literature (see Dworkin
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(1981a,b), Arneson (1989)), where a distinction is made between personal characteristics beyond the in-
dividual’s responsibility, called circumstances, and characteristics the individual is responsible for, called
efforts (Roemer (1998)). From an ethical point of view, inequality due to circumstances is considered
objectionable, whereas inequality arising from differential efforts is morally acceptable. In our setting of
labour market entry, the policymaker observes a specific distribution of job quality based on job charac-

teristics in five dimensions. His aim is a society in which there is equal opportunity for job quality.

The measurement of opportunity inequality requires an answer to several methodological and em-
pirical questions. Ramos and Van de gaer (2012) review the relevant issues and structure the existing
literature based on a coherent framework!. The aim of our contribution is to measure to what extent
observed inequality in job quality achievement is due to inter-individual differences in observed circum-
stances, and compare it with the findings in the literature. We compare the observed job quality inequality
in the dataset with the inequality that would arise in the counterfactual situation in which circumstances
were the same for all individuals, as in Bourguignon et al. (2007). The difference between the two can
only be due to unequal opportunities. This means that we apply an indirect ex-post approach, which is
concerned with outcome differences among individuals with the same circumstances. This choice is not
without flaws —see Ramos and Van de gaer (2012) who argue in favour of a norm-based approach— but
it is made because this is the most often used approach in the literature on income inequality. Inequality
of opportunity in job quality achievement has not been studied before, so it is important to be able to

compare with other findings in the literature.

!On the one hand, Ramos and Van de gaer (2012) distinguish between ex-ante and ex-post approaches. An ex-ante approach focuses
on whether individuals have the same opportunity set, regardless of their circumstances, an ex-post approach is concerned with
outcome differences among individuals with the same efforts but different circumstances. On the other hand, they distinguish be-
tween direct and indirect approaches, approaches based on stochastic dominance and norm-based approaches. In a direct approach
the amount of inequality is calculated in the counterfactual situation where all effects efforts are eliminated, whereas an indirect
approach focuses on the extent to which inequality is reduced if all effects of circumstances are eliminated. Both approaches
can be applied in an ex-ante and an ex-post manner. The stochastic dominance approach is based on an ex-ante framework. It
is concerned with comparing the cumulative distribution functions of income of individuals with different circumstances. If there
is no first-order stochastic dominance between these cumulative distribution functions, there is no inequality of opportunity. The
norm-based approach assigns to each individual a norm value for the output variable (e.g. income), as a function of circumstances

and efforts. Then inequality of opportunity is calculated based on the distance between observed income with norm income.
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A specific issue in the analysis of inequality of opportunity is the circumstances-efforts cut: which
variables are to be considered as circumstances, and which variables are deemed efforts?. To some extent,
this is a normative issue. In much of the literature, individuals are held responsible for the aspects of
their life they can influence®. A practical solution is to perform sensitivity analysis with respect to the
circumstances-efforts cut, this is what we will do as well. Sensitivity analysis is performed with respect
to the circumstances-efforts cut in order to check the robustness of our results.

In line with Bourguignon et al. (2007), we take into account the fact that circumstances may have a
direct and an indirect effect on job quality. The direct effects influence job quality directly, controlling for
the impact of effort variables, but ignoring effects through them. They represent achievement differences
that are completely beyond the individual’s control. Indirect effects are effects through effort variables,
for example an individual’s own education level might be influenced by his parents’ education level. This

allows us to pay attention to the different channels through which circumstances influence job quality.

Now we deal with the second issue in this paper: how to measure multidimensional job quality? For the
problem at hand, the planner observes a number of jobs with job characteristics in five dimensions. This
multidimensional nature complicates issues, as multidimensional measurement entails important choices.
The planner needs an evaluation instrument to compare these jobs, so a procedure is needed to summarize
many dimensions into one measure of job quality. Several roads have been followed in the literature. One
way to proceed is to use a fixed weighting scheme for the dimensions (equal weights, frequency based
weights,...), but this is less attractive because it is hard to argue that the same weights should be used for
all types of jobs implying that the trade-off between job characteristics is the same for all jobs. Moreover,
how to determine the set of relative weights? This choice is always somewhat arbitrary, as it is hard for
the planner to fix weights a priori. The advantage of this approach, however, is that it respects an attractive

principle: the dominance principle* (see Decancq et al. (2011) and Schokkaert et al. (2011)).

2The most common factors beyond the individuals’ responsibility in this literature are ethnicity, parental socioeconomic status and

education level, and gender.

3Other ideas are prevalent as well, such as meritocratism. In a meritocratic view, individuals are held responsible for all personal

factors, even their genetic endowment (Almas et al. (2011)).

4This principle requires that a job with better job characteristics in all dimensions has a higher job quality than a job with worse job

characteristics in all dimensions.
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In order to avoid the choice of arbitrary weights, a weighting scheme could be constructed based on the
preferences of the individuals doing the job. This approach embodies ‘respect for individual preferences’,
which is another attractive normative principle. Fleurbaey et al. (2009) have shown that the two principles,
the dominance principle and respect for individual preferences, are incompatible. Hence, at least one of
the principles has to be sacrificed. We decide to sacrifice the respect for individual preference principle
and keep the dominance principle for the following reason. As the individuals in our sample are new to
the labour market, they have little experience in judging the quality of a job and their preferences might

reflect this lack of experience.’ They have preferences, but these preferences might be ill-informed.

This has two implications. First, respecting individual preferences would imply that two individuals
who are in the same ‘objective’ situation —they have the same circumstances, efforts and have the same
job— might be judged differently in terms of job quality: their job quality differs if their preferences
differ. As these two individuals have the same circumstances and arrive at the same job, we argue that,
from an equality of opportunity point of view, they should be judged the same. Or, to put it in another
way, the planner is interested in the distribution of job quality, irrespective of who has which job. The
second implication is that we allow for some paternalism. To operationalize the framework, we rely on

the so-called output distance function, which satisfies the dominance principle.

The output distance function is a concept commonly used in production economics to analyse firms’
transformation process of inputs into outputs (see Deaton and Muellbauer (1980) or Coelli et al. (2005)).
Lovell et al. (1994) have proposed to use the distance function for the measurement of well-being and it
has been applied in a number of settings (e.g. Ramos and Silber (2005), Destefanis and Sena (2006)). The
idea behind it is that individuals transform job characteristics in a number of dimensions into job quality.
The achieved bundle of job characteristics is measured relative to a specific maximal attainable bundle
of job characteristics. As such, our job quality measure is similar to a measure of efficiency. Job quality
is expressed as a percentage: a job with the maximal attainable job characteristics has job quality equal
to 1, or 100%. A job with only half of the maximal attainable job characteristics, has job quality of 0.5,

or 50%. The consequence is that a job is considered better when it comes closer to a specific maximum,

SThis argument holds in particular for the first job quality as in their job at the age of 26, individuals have gained some experience

in judging job quality.
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independent of the combination of job characteristics. More information about the distance function can
be found in the next section.

The existing empirical literature on inequality of opportunity deals mostly with the achievement of
one-dimensional outcomes such as income, health or educational attainment®. Our article contributes to
this literature in two ways. First, empirical studies that focus specifically on inequality of opportunity in
the job market or job quality achievement are scarce. Second, there is -to our knowledge- no contribution
in this literature that deals explicitly with a multidimensional outcome variable. The aim of this article is to
bridge this gap in the literature. The structure of the rest of the article is as follows. The next section deals
with notation and the distance function. The estimation procedure is provided in section 3.3. Sections 3.4

and 3.5 contain the results and section 3.6 concludes.

3.2 Notation

School leavers (indexed ¢ = 1, ..., N) enter the labour market. Each individual ¢ has a vector of M individ-
ual characteristics z* = (2, ..., 23,) € R}/ that are beyond his control such as gender, parental education
level, unemployment rate upon labour market entry...” These are the individual’s ‘circumstances’. He has
K job capacities 2 = (a1, ..., 2% ) € RY suited for the labour market (education level, job market expe-
rience, labour motivation...). The school leavers are (at least partly) responsible for these job capacities.
In the rest of the article, the terms ‘circumstances’ and ‘individual characteristics’ on the one hand, and
‘efforts” and ‘job capacities’ on the other hand, will be used interchangeably. Finally, in their jobs, they
achieve a vector of L job characteristics b* = ( LI bi) € Ri (income, autonomy...). The L x N matrix
b contains the vectors b’ of all individuals.

There is a correspondence B = B (z%,z!) : R} x RY — R%, mapping individual characteris-
tics and job capacities into achievable job characteristics. The set B (zi, xz) contains all individual 7’s

achievement vectors that can be realized with his input vectors z* and z*. In the process under analysis,

6See Ramos and Van de gaer (2012) for an overview of the literature on income inequality. Opportunity inequality in health is
investigated by Rosa Dias (2009) or Trannoy et al. (2010). Brunello and Checchi (2007), Schiitz et al. (2008) and Peragine and

Serlenga (2008) investigate inequality of opportunity in educational attainment.

"Throughout the paper, individuals are indicated using superscripts, subscripts are used for categories of job capacities, job charac-

teristics...
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inputs (job capacities and individual characteristics) are transformed into outputs (job characteristics).
The individual achieves one combination of job characteristics within his output set, b* € B (zi, xl) For

most individuals, b’ falls short of their maximal achievable job quality.

In this article, the output distance function is used to measure job quality. The better the job charac-
teristics of a job, the higher the job quality should be, i.e. the dominance principle has to be fulfilled. In
order to make job quality comparable over individuals, each job is compared with the same output set.
This set is called B (2°,2°), where it is assumed that each individual is endowed with 2° and z°, the
most favourable situation in terms of individual characteristics and job capacities, respectively. This im-
plies that the reference set B (zo, mo) bounds all observations from above. The output distance function

D? = D (2° % b") is defined upon this output set as
D (2%,2°,b") = mdin (d: (b'/d) € B(2°,2")).

This is a measure between 0 and 1. It is the reciprocal of the factor by which all job characteristics could

be increased while still remaining within the output set, see Figure 1.

Figure 1: The distance function
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If an individual has a job characteristics vector on the boundary of the set, then the distance is equal
to 1, or 100%. An individual with a vector of job characteristics inside B (zo, xo) has a lower job quality,

the distance will be below unity. All jobs with the same job quality as job b’ are assumed to be on the
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same distance from the output set®. The output distance will be our measure of job quality JQ?, for an

individual with job characteristics b,

JQ'=D (zo,:vo,bi) .

Job quality inequality means that JQ' differs across individuals. The aim of this article is to investi-
gate to what extent individual characteristics (z-variables) and job capacities (x-variables) play a role in

achieving job quality and, based on this, to determine inequality of opportunity in job quality achievement

3.3 Estimation procedure

Information on the form of the reference output set B (zo, xo) is generally not available. Often, the only
solution is to rely on empirical information (Ramos and Silber (2005)), and this is also what we do. The
output set we use below is based on the best performing individuals, those with a job characteristics bundle
furthest from the origin in a specific direction. This means that we have to rely on the fact that the data
contain enough and sufficiently diverse observations. The SONAR data we use contain 2512 randomly
selected individuals entering the labour market.

There are several ways to estimate the distance function: it can be estimated both in a parametric
and a nonparametric way. The parametric distance function was originally put forward by Lovell et
al. (1994) and has been applied by Ramos and Silber (2005), who use the output distance function to
measure individual well-being. This approach does not remain without problems, especially the fact that
a specification needs to be chosen is vulnerable to criticism (Anderson et al. (2011))°. Therefore we
use the nonparametric distance function, based on data envelopment (DEA) techniques. The results of
the distance function are compared with the situation where income is taken as the only indicator of job

quality.

8The output distance function is homogenous of degree one in outputs, non-decreasing and convex in outputs and decreasing in

and z (Coelli et al. (2005)). See Fire and Primont (2001) for a more detailed discussion of the properties of the distance function.

9The results of the parametric distance function estimation in panel data are available from the authors.
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The estimation procedure consists of three steps. First, in section 3.3.1, the nonparametric distance
function is estimated in order to measure each individual’s job quality. In section 3.3.2, job quality in-
equality is measured. Job quality is regressed upon individual characteristics and job capacities. The
amount of opportunity inequality is determined based on the reduction in inequality that would occur if

all individuals had the same individual characteristics.

3.3.1 Nonparametric distance function

In data envelopment analysis, the boundary of the output set is determined based on the best performing
individuals in terms of the dimensions of job quality. Figure 2 illustrates the approach with two individuals

on the output set.

Figure 2: Data envelopment analysis

b/ D'
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bi
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Three observations of job characteristics, bt, b7 and b*, are shown in the figure. The best-off observa-
tions are individuals j and k, so they are on the output set. In the figure D’ is the number by which all job
characteristics have to be divided to reach the frontier; obviously D* < 1. With superscripted ¢ referring

to the time period, we can define the job quality measures as:

JQit — Dit.

A linear combination of observations j and k is used to calculate the distance. In order to calculate
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job quality, linear programming techniques are used:

IN
o

. /\1t —b bzf )\zz‘
DY = argma / s.t.
>\M>g0 D”);O { oy 1 } it it
=0T = D oy 0 D? = 1

A vector A with individual weights is calculated such that the distance from individual ¢’s bundle to
the linear combination of the job characteristics vectors of a number of other observations (those on the

110

output set) is maximal'”. The values of \ for individuals that are not on the output set are equal to zero.

3.3.2 Job quality inequality measurement
3.3.2.1 Counterfactual job quality and inequality measurement

To analyse inequality of opportunity, we compare the observed situation with the counterfactual situation
in which all individuals are in the most favourable situation in terms of individual characteristics, z°. To do
this, estimated job quality is related to individual characteristics and job capacities, and then counterfactual
job quality is calculated by putting the individual in the situation with reference individual characteristics.

The most general job quality function can be written as

with 't unobserved determinants. Now, job capacities might depend on individual characteristics: 2’ =

x (2%, ¢*), with ¢! unobserved determinants. This implies that the expression becomes:
p p
JQit — f (zi7x (Zi7ci) ,,Uit) .

In this article, we use an indirect approach to inequality of opportunity measurement (as Bourguignon et al.
(2007)). This means that we compare inequality in the observed sample with inequality in a counterfactual

situation where all circumstances are set to reference levels, 2 = 2 Vi. Counterfactual job quality,

100bviously, the optimisation is performed in five dimensional space, so generally more than two observations matter for the

determination of the output set. Note that all jobs, from periods 1 and 2, are compared with the same output set.
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taking into account the total effect of individual characteristics, can be calculated by filling in z°

as
J ta = f (z z (zo, ci) , uit). Counterfactual job quality can also be calculated taking into account only
the direct effects of individual characteristics, not the indirect effects through job capacities. Then we
calculate JQ” = [ (20,2, ).

Inequality of opportunity can be analysed by calculating the difference in inequality between the

distribution of J(@ and j@ With I an inequality measure defined over both distributions, the inequality

reduction'! after all individual characteristics are equalized, is (see Bourguignon et al. (2007))

1(JQ) ~1(JQ)

O = 1
I 700 (H
—~d —~d
Based on J(@ , we can calculate [ (JQ ) and
1JQ)—-1(JQ
0 = ( ) )

Ar=Zf (©))

measures what percentage of total opportunity inequality is due to direct effects of individual characteris-

tics differences.

3.3.2.2 Econometric specification

To construct the counterfactual, we use an econometric approach to get information on the specification
of f (2%, 2%, u) and f (2%, z (2%, ¢%), pu'*). Job quality is regressed upon job capacities and individual
characteristics with OLS'?:

M K
Q"' = po+ Zﬁlzf + Z’ijj- + pt 4

=1 j=1

" The reduction of the inequality measure is expressed in relative terms in order to be able to compare our results with the existing

literature.

I2For ease of notation, superscript ¢ is omitted.
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The individuals can influence their job capacities, but not their individual characteristics. Individuals put
forward effort to create job capacities, but these job capacities in turn are not independent of the individual
characteristics (the individual’s circumstances). Some individuals are in a more favourable position than
others when they have more favourable individual characteristics, so there is also an indirect effect of
individual characteristics on job quality, through job capacities. In order to separate both effects, each job

capacity is regressed upon individual characteristics. For job capacity j we have

M
zh = Boj + Y Bz + )

=1

with C;‘ the residual. The residuals of each of the job capacities regressions are considered as indicators of
effort for each of the job capacities, as it is the part of job capacities that is not determined by individual
characteristics taken into account, so for each individual there is a vector of job capacity efforts ¢! €
RX. The remaining part of expression (5) is determined by the individual’s characteristics. We plug in

expression (5) in expression (4) to have
M K M
JQ =Bo+ Y Bz + > v | Boj+ D Byz +c |+,
=1 j=1 1=1

which can be rewritten as

M K
JQ =00+ > iz + Y vich + i, (6)
=1 j=1

where ¢y = [y + Z]K:l viBo; and ¢ = B + Zf{zl vjBi;. With parameter estimates for expressions
(4) and (6), we are able to determine the extent to which individual characteristics and job capacities
contribute to job quality. Individual characteristics (z variables) influence job quality in two ways: there
is a direct effect and an indirect effect through the job capacities (z variables). In the emp