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Abstract

This work is aimed to assess the distributive iene of carbon taxation: the issue has not
been widely investigated whereas more attentiontessn focused on the efficiency of
ecological tax reforms. Despite of their centrdlerfor the achievement of the Kyoto
targets and the elaboration of post Kyoto strategiee analysis of the introduction of
energy policies in ltaly are not very spredd. particular, ex post analysis or ex ante
simulation of policies can represent very usefublgdoin order to make light on
distributional effects. Even if in this area eviderremains very limited, concern with the
distributional impacts of environmental policy &sisfrom a widespread fear that such
measures could be regressive: poorer householdsdispyoportionately more of the
financial costs associated with the introductioeyironmental policies (OECD, 2004).
This research is organized in four chapters. Thst foffers a review of European
experiences in energy taxation, with a focus ondidocountries, and it also describes the
Italian market of energy products. The second @rapghlights two main literature fields,
represented by optimal taxation and double divigdesttier studies concerning energy
taxation distributional impacts are also reviewkedthe third chapter the work hypothesis
and the demand system approach are describedeaghen the fourth chapter the
estimation and its results are described and digcls

According to Kyoto Protocol domestic policies taluee carbon emissions can include
carbon/energy taxes, emissions trading, commanetantiol regulations and other
policies. Market methods are usually preferreceints of efficiency, and carbon taxes are
thought to be the easiest to implement and morfothermore, carbon taxes can act as a
continuous incentive to search for cleaner techgielo Until now, only a few European
countries have implemented energy or carbon taxesdic countries have been the first-
comers and this seems to suggest a tight link ketvirestitutional environment and the
potential for policy adoption.

The consequences of environmental policies in tewhsdistributive impacts and
competitiveness represent fundamental factors terehéning their political acceptability.
Carbon taxation may well be regressive but thiseddp on the hypothesis on price
translation, the concept of income adopted, howréwenue is used and how different
households respond to price changes.

In my analysis | assume that the carbon tax ig/ felifted forward to consumers; for
energy goods, which are traded on internationalp=ditive markets, and for which the
distribution market can be defined oligopolistibjst is a reasonable assumption. The
distribution of the effects of CQabatement policies can be measured along a nuofiber
dimensions including household income groups, gguyc regions, industries and
different generations. The object of my simulatisnrepresented by personal income
distribution, then by households; in particulagxamine households own and cross-price
elasticities and welfare effects in terms of difetr incidence measures, namely equivalent
and compensating variation. The incidence of arrggnéax is connected to consumer
behaviour in two ways: direct consumption, représey the purchase of fossil fuels, and
indirect consumption, constituted by the purchaseassets whose production has
demanded fossil fuels use. My attention is devobedy to the direct consumption
component, focusing on the heterogeneity of bemalvioesponses among different
household types and macro-regions, linked to adiffeconsumption habits and substitution
possibilities.

Assuming that the problem of deciding how muchdosume at any given time has been
solved, a demand system for the allocation of fammtome to an exhaustive set of good
and services is estimated. Data from the Italiatiddal Statistical Institute (ISTAT) are



used, in particular a sample extracted from lin@agine sui Consumi delle Famiglie
Durable goods are excluded from the sample and®xls enter into the demand system:
food, public transport, transport fuels, heatingl$u electricity and a residual good, which
contains all the other goods.

The carbon tax is modelled making reference td-thancial Law for 1999 and the DPCM
15/1/1999; one year after its adoption, the carlxn with its gradual excise rate
augmentation — aimed to reach an objective lev@DiD5 — has been eliminated for fear of
its inflation consequences and adversely distrdbuteacts.

After having analyzed the different functional fathe Almost Ideal Demand System
(AIDS) and the Quadratic Almost Demand System (Q®&JMave been identified as the
preferred empirical models, thanks to their thecaéttharacteristics that is being based on
a representative consumer but allowing flexibility the consideration of demographic
characteristics.

The estimation of the AIDS (Deaton and Muellbaugd80) and QAIDS (Banks et al.,
1997) has provided the parameters of the cost iumdhat represent the inputs for
computing price and income elasticities and enab®mpute True Cost of Living indices
and welfare measures. For the first time True ©@bdtiving indices are derived for the
quadratic model: on this basis, both the compemga#ind equivalent variations are
computed and compared. | show how the output ofaskehsystem estimation can be used
to simulate different taxation scenarios, modelsdreferring to the Financial Law for
1999, and to estimate the revenue raised by caeb@ation.

The welfare effects linked to the carbon tax pregoby the Financial Law for 1999 and
also to different taxation scenarios (namely tarationly on heating fuels, fuels,
electricity) have been computed. The results shbat the carbon tax proposed by
Financial Law for 1999 is not regressive, but tmewation of different taxation scenarios
allows a regressive component to emerge, relatetldts taxation. The relevance of
geographical variables is confirmed by the difféisgion in welfare impacts between the
North and the South of Italy, which emerges in tdpeation scenario where only heating
fuels are taxed.

The empirical work has demonstrated the environaleetfectiveness of introducing
carbon taxation in Italy, given the high price &lat/ of energy products; it has also
confirmed the key role of public transport, chaesaiced by a high degree of
substitutability with private transport. Furtherrapthe analysis of elasticities and welfare
measures has shown the importance of distinguidiongehold characteristics and macro-
regions when analysing behavioural responses. IFin#he revenue estimation at
aggregated level can constitute the starting pdort hypothesizing compensation
mechanisms directed to particularly affected hoakkprofiles or geographical areas.

The originality of my research is linked to the qmarison between two functional forms,
and the identification of the over-estimation inlfare effects using AIDS. An approach in
terms of demand system estimation has many poliiesdinked to the utilization of the
elasticities for the computation of revenue vaoatiproduced by different taxation
scenarios. Furthermore, the revenue raised fromhthiseholds has been compared with
the welfare impacts, obtaining the excess burddgexaition.

This research work could be widened by investigatime distributive effects on a more
specific sample (i.e. only car owners) or computimg emission reduction associated with
the policy simulated; on a larger basis, the demapstem could be estimated on
individual data, linked with bottom-up or top-dowmodels and employed to provide the
informative basis for collective decision makingaets.
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Chapter 1

1.1 Introduction
The distributive incidence of environmental polgibas not been widely investigated,

whereas more attention has been focused on theeetfy of environmental reforms
(Fullerton and Metcalf, 2001; Fischer, 2004; Gouldeal., 1999; Ricther and Schneider,
2003). Even if in this area evidence remains vamytéd, concern with the distributional
impacts of environmental policy arises from a witead fear that such measures could be
regressive: richer households receive dispropaateliy more of the benefits associated
with improved environmental quality whereas, at faene time, poorer households pay
disproportionately more of the financial costs assed with the introduction of
environmental policies (OECD, 2004). Perhaps thestmoogent reason for being
concerned with environmental policy and distribatis that understanding distributional
impacts can help to shape policy packages thatmeme likely to be accepted by the
public. A transparent framework for analysis can heeful in communicating
environmental policy’s costs and benefits at angseim level of detail, and it can ease
general understanding of related welfare effects.

The detection of the adverse effects of carbonideemissions at the beginning of the
1990s, resulting mainly from the combustion of fofeels, has led to proposals for non-
market mechanisms such as regulation, and marketanesms such as tradable emissions
permits and carbon taxes, both aimed at reducingseans (Hahn, 2000). Market methods
are usually preferred in terms of efficiency ane tlarbon tax is thought to be the easiest to
implement and monitor. A carbon tax would affece tprice of fossil fuels and thus
industrial and consumer prices: in this way theeledf final demands is altered, reducing
fossil fuel use and aggregate carbon dioxide eonsgiBaranzini et al., 2000).

To levy an environmental tax modifies the expenditghoices of economic agents;
environmental taxation turns out to be regressivie ¢oncerns goods and services that
represent a relatively more large expenditure sbal@v income households. Households
that react moresignificantly and rapidly to the pressures to redtite consumption of
energy intensive goods will have to bear a smathgract in terms of costs. In detail, the
incidence of an energy tax is connected to constm@leaviour in two ways: it is necessary
to consider direct consumption, represented byptimehase of fossil fuels, and indirect
consumption, constituted by the purchase of asgletse production has demanded fossil



fuels use. Household responsiveness to price ceacagebe related to disposable income
and this can determine tax regressivity. The bap@n which it is often assumed that
carbon/energy taxes are regressive is intuitiveljiaus: lower-income households tend to
spend a larger proportion of total household experes on fuel for domestic energy
services (i.e. heating, hot water, cooking andtirgy).

The effects of environmental reforms on differemtie-economic groups are not limited to
the increases in prices of the goods and serviess liuy, but come from other sources,
among which the reductions in environmental dam#geg experience. Thus, any analysis
of policy costs should be put together with a syreebenefits distribution, because cost
regressivity could be compensated by benefit pssivéy. Even if it is certainly important
to take this point into consideration, one should bautious about considering
environmental risks exposure to make inferencesitath@ distribution of welfare gains,
for at least four reasons. First, due to a lacHadh, the measures of environmental risk do
not adequately account for the degree of exposuteother relevant factors: rather little is
known on this topic. One could think, for instantleat long-term benefits related to
measures to fight against global warming are meenlg distributed, while the benefits
related to human health policies have a more lobaracter and then they are more
unevenly distributed. Second, when policies createn-uniform environmental
improvements, the existing risk distribution cacimgicate the detection of distributional
benefits linked tahe reform. Third, when environmental quality chesigwe also need to
describe the possible effects on market pricesages, as these price changes also affect
household welfare. Finally, in order to translateygcal benefits into welfare gains we
need to measure how different households value@mwiental quality: a factor that could
weaken or enhance inequality in environmental benefistribution is represented by
differences in preferences between different incgmoaips. | will not handle the issue of
environmental benefits, due both to the mentiometlpms and to the lacking of data. My
scope will be limited to show if introducing carbtaxation in Italy has a regressive impact
just in terms of costs incidence. Because the @asenrpose of environmental policy is to
change consumption and production patterns, grefenms inevitably entaMvinners and
losers among households and firms (Kristrom, 20€@8)this reason it is fundamental to
scrutinize their effects in a distributional persip&. My decision to examine carbon
taxation is due to its peculiarity as an environtakpolicy instrument, namely potentially
embedding adverse distributional effects and, atsdime time, raising a double dividend,

with the possibility of correcting the regressivapacts produced. Even if my thesis

10



focuses on impacts on household consumption, Wwagh mentioning that relaxing the
hypothesis of complete translation on end-userseprcan contribute to show the overall
set of social dilemmas posed by carbon taxatioriadt, since green taxation reforms are
likely to affect many industrial sectors, this apgeh to environmental protection embeds
both competitiveness effects and potential advéistebutional effects. Policy makers, in
order to identify the better intervention strateglyould evaluate the trade off between the
different kind of impacts, taking into account dpalancing the interests of all the actors
involved.

The distribution of the effects of G@batement policies can be measured along a number
of dimensions including household income groupsiggaphic regions, generations and
industries. An important dimension of environmeritatation is the variation in impacts
across industries: carbon taxes can reduce netuytfces in the carbon-supplying
industries and raise costs in industries that sitealy employ fossil fuels as inputs. These
price and cost impacts have, in the short termptitential to seriously harm profits and
employment: their distribution crucially influencpslitical feasibility, since the lobbies of
fossil fuels’ producers have significant weighthe political process.

I will not examine carbon tax implications for fisnon the contrary, the object of
simulation will be represented by personal incom&riution, then by households.
Environmental policy can produce two types of digfes in welfare: the first is due to a
change in environmental quality and refers to tkter@alities whereas the second is linked
to the distribution of financial effects (OECD, 200 My attention will focus on this
second type of impact and on an analysis of houdslaasticities and welfare effects in
terms of different incidence measures in particulistributional impacts consisbf
different kinds of financial effects on householbyps. They generally include direct
compliance costs which can be in the form of engrgyments or adaptive expenditures,
and indirect compliance costs represented by higbsts for other goods and services due
to increased production costs brought about by lagign. The overall distributive
incidence of environmental policies also includesgre more indirect effects arising
through effects on public finance, labour markeésgl estate markets: these can either
exacerbate or counteract the distributional impastsociated with more direct financial
effects. Carbon tax, like any other public polieyl result in costs which vary across
socio-economic groups depending on their experalpatterns, behavioural responses and
employment opportunities. While environmental pplmould entail unemployment and

impose other adjustment costs, these costs arensefdantified in distributional studies.
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The real world consists of heterogeneous househekltsh with different possibilities to
adjust to new policies; the importance of this flaas not been sufficiently appreciated by
economists in the shaping of environmental policwill look at the welfare losses, in
terms of real expenditure, suffered different households, grouped according to number
of members, age and geographical area. Price alestiwill also be calculated as a first
approximation of the economic and environmentalaoctpf the tax. | will then calculate
tax distributional impacts on households with deéf& income levels using compensating
and equivalent variations.

The analysis of environmental taxation distribuéibmpacts could be completed with the
examination of tax revenue recycling options, whrefpresent a way to alleviate the
potential regressive impacts. One possibility isniigans of lump-sum redistribution: the
lowest income groups will proportionally receivligher amount, relative to their income,
than highest income households will do. Another spgmkty to compensate poorer
households — and at the same time to reduce othisting distortionary taxes — is
represented by using tax revenue to reduce lakeest decrease income taxation, or
change the social security system. Such measuresldstbe accompanied by a
complementary redistribution policy targeted ats#social groups that do not benefit
directly from tax cuts, such as the pensionersuaramnployed.

1.2 Different policy tools implications
This paragraph will offer an overview about thetrilgitional implications associated to

different policy tools: in fact, even if my attemi is devoted to a specific energy policy,
represented by carbon taxation, the differencedistributional impacts with respect to
alternative intervention strategies seem worthet@ialysed.

The European system of emissions trading fixes @imman limit to the total emissions,
assigning to every plant an emission quota, a gfavthich should be periodically given
back to the competent national authority. There diféerent ways to satisfy such
obligation: giving back the assigned quotas, buyjugtas from other plants, obtaining
credits from emission reduction projects linked ttee Kyoto Protocol. A similar
mechanism allows, through a negotiation procediardyuy or sell own pollution rights,
and it changes market signals, in order to modisras behaviour.

Differently, a command and control approach, likevibnmental standards, can be
preferred both by the public administrators, foas@ns linked to reduced informative
requirement and to greater certainty of the resultl theindustrial sectorpbecause of the

12



possibility of negotiation and subsidies. Such apph generally does not produae
dynamic incentive to innovation or improvement hayaeestablished goals, and risks to
determine an inefficient resource use; then, ifsgis, command and control toabkould
go with marked based tools.

Since the introduction of carbon taxes alters gricence fixed the tax rate pollution
reduction takes place thank to market action. Cogions of taxed assets diminish,
energetic saving and investments in efficiency &rel substitution are stimulated. An
important feature of this polictool is diminishing the cost related to target iattgent,
allowing every firm to choose the more efficientagtgy: firms with high marginal
reduction costs will pay the tax whereas firms wibtkv marginal reduction costs will
reduce polluting emissions.

Different kinds of taxes can be levied on the cohia carbon of the energetic products
(Baranzini et al., 2000): both energy taxes anbaataxes are excise taxes, but they have
some differencesAn energy tax is defined as a fixed absolute arhaund is imposed on
both fossil fuels and carbon-free energy sourcesprding to their energy (or heat)
contents, with renewable energy usually exemptgd.c@ntrast, a carbon tax is levied
according to the carbon content of fossil fuels enthus restricted to carbon-based fuels
only. Given that oil and gas have greater heatemdatfor a given amount of GO
emissions as compared with coal, an energy taxnliese heavily on oil and gas than a
carbon tax. Moreover, an energy tax burdens nu@eargy, which could provide large-
scale generation of electricity without a direqgtigrallel production of C@emissions. If
the goal is reducing COemissions, a carbon tax is clearly more cost g¥fedhan an
energy tax. Indeed, a carbon tax equals the madrgost of CQ abatement across fuels
and therefore it satisfies the condition for mirimg the global cost of reducing GO
emissions. Therefore, the implementation of an ggnéax will lead to poor C@target
achievement or else to unnecessarily high costempared with a carbon tax. This can be
explained by two factors: price-induced energy eovation and fuel switching. Carbon
taxes reduce COemissions both through their price mechanism &ffean energy
consumption and fuel choice. By contrast, sincagntaxes are imposed on fossil fuels
and nuclear energy, the incentive for fuel switghis lower and the reductions in €O
emissions will be mainly achieved by price-indu@sgkrgy conservation. Thus, a higher
energy tax is required for achieving the same redlidarget as compared with a carbon

tax.
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Different environmental policies will have variodsstributional implications, as discussed
in the following passages. Although taxation igaaty an efficient tool, its consequences
in terms of distributive impacts and of competitiess represent fundamental factors in
determining its political acceptability. All effient forms of regulation lead to a
distribution of costs that is determined by genexqlilibrium cost incidence, factor
endowments and consumption patterns. The distabatieffects of tradable permits can
be similar to those of taxes since, as noted bgtiKnn (2003), in a partial equilibrium
perspective the use of a tax is comparable todalila permits system where permits are
auctioned. With environmentally related taxes, rithstional effects depend on how
revenue is recycled but the rent is generally retdrto tax-payers; differently, with
permits the distributional implications differ acdng to the allocation choice, that is to
say auctioning versus grandfathering. Auction/taxenue can be used in a multitude of
ways, benefiting many different groups: labour,ssanption, payroll or capital gains taxes
could be cut, deficit could be reduced. In additithre revenue-recycling benefits reduce
total costs. Grandfathering is usually used to cemspte some current owners of specific
capital, since it produces a pure wealth effecly dmose who directly receive permits gain.
The same effect can be achieved with targeted teakk: these not only provide direct
compensation, but also increase the efficiencyhefihdustry by reducing tax distortions.
Furthermore, with grandfathering poorer peopleliaedy to bear a greater burden in terms
of costs, because they are workers and consumere witen than shareholders.
Conversely, in the case of taxes and auctioned ifeoost bearing is widely spread and
they are more likely to lead to equitable outcotes grandfathered permit&/ith regard

to subsidies, the distributional impacts will bekid to the degree of regressivity or
progressivity of the tax system used to raise ithente required to finance such programs.
Indirect taxation, and in particular a system aofis& duties, has distributive effects which
favour lower income classes if some conditionsiar®rce. First, the Engel law must be
verified: the necessary goods expenditure shareldgltecrease when income grows and
luxury goods expenditure share should increasear{gleto identify these goods is often
troublesome, especially when households’ demogcapharacteristics change. Second,
excises duties should be addressed to those gdudk have an income elasticity greater
than one. The group of goods should be large entmghclude potential substitutes: in
this manner, the substitution effect produced by thx cannot change consumption
patterns in a way that affects tax revenue. Then diwvn-price elasticity should be

moderately low; at the same time, even if this mneften a tacit assumption, the supply
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elasticity should be high in order to translatetddeon consumers. Finally, the expenditure
shares on taxed goods should be higher for richesdholds. With respect to the condition
on income elasticities, the hypothesis of a chapgrpenditure pattern when income
changes is added: once identified the goods tetetltthrough the study of the elasticities,
the consumption pattern must change with incomerder to have positive distributive
effects.

On the other hand, when these conditions are nofiece environmental and energy
taxation could have negative distributive impabtst tare worth to be examined. | want to
specify that the distributive effects are not aneotive of the excise duties as fiscal
instrument, in the sense that the distributive icbgibes not represent a criterion adopted
to design the excise burden and its structure. Tk distributive impact should be
considered separately from taxation efficiency,hsas an effect which the government
may take into account in order to compensate saneagded groups.

To summarize, all policy tools have potential biffedent distributional impacts; in the
case of taxes and auctioned permits direct effattisouseholds groups are generally more
straightforward; however, even for taxes the ansilis complicated by the inclusion of
indirect impacts and behavioural adjustments. Huot that the distributional implications
of taxes have been particularly highlighted inrhtere is probably due to their greater
visibility and should not be considered as a pafdheir greater regressivity. A review of
empirical evidence suggests that environmentalcpamay well be regressive (Smith,
2000; Symons et al., 1998; Cornwell and Creedy6)98ut this conclusion depends on
the concept of income, how revenue is used and ptréinent dimensions of the analysis,
in particular how different households respond ricgpchanges. Paragraph 2.3 focuses on

the description of the different choices availabléake into consideration these elements.

1.3 The recent energy policy
The international political response to climate rafe began with the adoption of the

United Nations Framework Convention on Climate @sarUNFCCC) in 1992. The
UNFCCC sets out a framework for action aimed dbizang atmospheric concentrations
of greenhouse gases to avoid “dangerous anthroppg®erference” with the climate
system. It entered into force on 21 March 1994, aod@ has 192 parties. In December
1997, delegates at The Third Conference of Pafti3P 3) agreed upon the Kyoto
Protocol that commits developed countries and camin transition to a market economy
to achieve quantified emission reduction targetsllowing COP 3, parties began
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negotiating many of the rules and operational tetaoncerning how countries will
implement and measure their emission reductions.

In November 1998, the COP 4 elaborated the ruldsoperational details for the Protocol
implementation adopting the Buenos Aires Plan diok; this document set COP 6 as the
deadline for finalizing these details and strengtihg implementation of the UNFCCC.
This Conference started in November 2000 but,esimegotiations were not successful, it
was suspended until July 2001. Parties reconvene@®ann and adopted the Bonn
Agreements, a decision that provided high-leveltigal direction on the implementation
of the Kyoto Protocol.

In November 2001 at COP 7 delegates reached agnteameMarrakesh Accords: they
consisted of a package of draft decisions on mdnhe details of the Kyoto Protocol,
including flexible mechanisms, reporting and mettiodies, compliance. In COP 8 and
COP 9 various technical rules and procedures wiatgomted. Always in the context of
Marrakesh Accords, COP 10 agreed on two new ageewais focused on adaptation and
mitigation, and began informal negotiations on toenplex and sensitive issue of how
parties might engage on commitments to combat tdirolaange in the post-2012 period.
The meetings in Montreal, held from 28 Novemberl® December 2005, formally
adopted the Marrakesh Accords and also engagededgotiations on longer-term
international cooperation on climate change. COPagjteed to consider long term
cooperation also under the UNFCCC and post-2012ngements have then been
discussed in a series of meetings. MaeHoc Working Group on Further Commitments
for Annex | Parties (AWG) and the workshop “Dialegan long-term cooperative action
to address climate change by enhancing implementati the Convention” (Convention
Dialogue) have convened four times, in Bonn (Mag&@nd 2007), in Nairobi for the
COP 12 (November 2006), and in Vienna (August 200¥ November 2006, the AWG
elaborated a work programme focusing on the folhgwthree areas: mitigation potentials
and ranges of emission reductions, possible meaglieve mitigation objectives, and
consideration of further commitments by Annex Itjea.

As he presented the EU executive’s work program2fi7, the European commission’s
president José Manuel Barroso said that energgieifiy and climate change were among
the top priorities. In particulathe Commission prioritizes a review of the EU carbo
emission trading system and a paper setting oubpoged EU position for a global post-
2012 framework. At the end of 2006, there was Siggmt support between EU
governments to commit unilaterally to reducing glemuse gas emissions 30% by 2020.
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Referring to the conclusions of the COP12 held awrdbi, EU leaders had backed a vague
goal for all industrialized countries to reduce ssions by 15-30% by 2020. The UK,
Germany, Italy and Sweden were among the coungnel®rsing a 30% target and they
also support a follow-up reduction target of 60%2M50. In a similar context — and from
Italy’s point of view — to levy a domestic carbaxtis an option worth to be considered.
However, Hungary, Slovakia and Poland warned agaihe EU making a “hasty
declaration of commitment” before other developad developing countries signal their
willingness to do likewise. They also said that afufure EU target should be
differentiated to consider the varying growth pdirand emissions of its member states.
European ministers underlined their commitmentitkihg the EU emissions trading
system with other national and regional schemes.

At its third session in May 2007, the AWG agreedlévelop a timetable to complete its
work so as to avoid a gap between the first andrekcommitment periods. In August
2007 delegates focused on mitigation potentialspanssible ranges of emission reductions
for Annex | parties: their conclusions recognizattbo achieve the lowest stabilization
level, Annex | parties as a group would be requitededuce emissions by a range of 25-
40% below 1990 levels by 2020. In the United Nati@limate Change Conference in Bali
(COP 13), held between 3 and 14 December 2007gatele deliberated on a wide range of
topics and agenda items, with a major focus orifimg a post-2012 regime by December
2009, after the expiration of Kyoto Protocol’s firsommitment period (International
Institute for Sustainable Development, 2007).

Negotiations were conducted in a number of grouygeuthe aegis of both the Convention
and the Protocol. Under the Convention, the disonssfocused on how following up the
Convention Dialogue, while under the Protocol th&/@ discussed its work programme
and timetable. Delegates also held consultationghenRussian proposal on voluntary
commitments. During the negotiations, several isqueved difficult to resolve, especially
during the talks on long-term cooperative actiomemthe Convention: the mitigation
strategies for developed and developing countriesewparticularly contentious. The
turning point in the negotiating process has begmesented by parties agreement to a
proposal by India and other developing countriesnatigation actions by developing
country parties in the context of sustainable dgwelent, supported by technology and
enabled by finance and capacity building. After Hi¢ and all other parties had accepted
this proposal, the USA agreed to join the conseraus the decision on long-term action

under the Convention was adopted. This decisioabBshed a process and set out
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guidance and direction for a series of meetingy tve next two years under both the
Convention and Protocol, with the aim of producangomprehensive outcome on post-
2012 issues at COP 15 set up in Copenhagen (30nNmarell December 2009s final
output of Bali negotiations, the Bali Action Plamsvadopted: world governments agreed
upon a negotiating framework to decide a new glabalate policy by 2009. If successful,
the Action Plan would culminate in a new globahwte policy in Copenhagen in late
2009. The Bali Action Plan commits all developedmnies to measurable and verifiable
actions, in order to achieve quantified greenhogss emission reduction targets;
developing countries have to develop to appropnateation actions. Even if the Action
Plan suggests no concrete emission reduction sabgeiause of the insistence of the USA,
a footnote makes reference to documents from ttergovernmental panel on climate
change (IPCC), according to which reductions otaug0 per cent by 2020 are needed to
head off dangerous climate change. In a separa¢emgnt, parties to the Kyoto protocol
agreed to be fully guided by the IPCC recommendatim setting a second round of
commitments by 2009. A review of the Protocol, vihwll focus also on how to enhance
carbon markets, was also launched.

The paragraph will at this point be divided in tsob-paragraphs: Paragraph 1.3.1 will
offer an overview of the Kyoto Protocol relateduiss, while Paragraph 1.3.2 will describe
the European emission trading scheme (ETS). Moran tinforming on recent
developments in the world and European energy ydiiee scope of both sub-paragraphs
is represented by providing with full informatiom ¢he high potential of an instrument
such as carbon taxation in the current context.

1.3.1 The Kyoto Protocol

A global common good, like greenhouse effect radactdefinitely needs intervention in
the transport and energy sectors and thereforelvesothe entire populationn this
context, the Kyoto Protocol, which was opened fgnature in March 1998 and came into
force in February 2005, plays a central rdlee Protocol has been ratified by the European
Community on 31st May 2002. Notable exceptions agnoountries that have made the
agreement official include the United States andtfalia; other countries, like India and
China, which have ratified the Protocol, are nofuieed to reduce carbon emissions under
the present agreement. Despite some steps towagperation, and the interest of all
nations in dealing with the common problem of cliem&@hange, there are significant
conflicts within the international community ovdnet measures that should be taken.
Developing countries fear the imposition of resioies on their growth in the form of
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emissions limitations that would curtail their usé own energy and other national
resources. Since most net greenhouse gas emissiomesitly originate — and historically
originated — in the industrialized countries, whpsé¢terns of development are at the root
of the environmental problems we face today, theeldping countries have consistently
pressedhem to take the lead in reducing emissions.

To a certain extent the Kyoto Protocol has met taguirement. According to the Kyoto
Protocol, the overall emissions of greenhouse glasesdeveloped countries should be on
average 5% below 1990 levels in the period 200822biparticular, the European Union
has agreed to reduce its greenhouse gas emissjoascbllective average of 5% below
1990 levels.Quantified emission limitations and reduction comtmants for Annex |
Partie$ are established without prescribing the domestilicy tools to use to achieve
them. Article 2 of the Kyoto Protocol gives Annexduntries considerable flexibility in
the choice of domestic policies to meet their emrsommitments. It provides four
market-oriented flexibility mechanisms to help tohi@ve Kyoto targets: pooling of
commitments among industrial country Parties taea@hcompliance jointly (Article 4.1);
transfer among industrial country Parties of jomplementation project-based emissions
reduction units (Article 6); the Clean Developmbtegchanism (Article 12); and emissions
trading among industrial country Parties (Articl&).1 Among them, only the Clean
Development Mechanism involves both industrial aledeloping countries. It enables
industrial countries to obtain credits for theiotcol emissions limitation obligations by
investments, including investments by private firms projects to be realized in
developing countries to reduce their greenhousegassions.

Domestic policies can include carbon/energy tademsjestic emissions trading, command-
and-control regulations and other policies. Carlexes have long been advocated by
economists and international organisations, becdheg allow to achieve the same
emission reduction target at lower costs than cotweal command-and-control
regulations. Moreover, carbon taxes can act asnataot incentive to search for cleaner
technologies whereas with command-and-control egguis there is no incentive for the
polluters to go beyond predetermined standards! bimiv, only a few European countries

have already implemented energy-related taxesx@sthased on the carbon content of

1 Annex | parties are industrialized countries andntdes with economies in transition. Developinguties are
referred to as Non-Annex | countries. To date,Kheto Protocol has 176 parties, including Annexattigs representing
61.6% of Annex | greenhouse gas emissions in 1990.
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energy products: Finland in 1990, Sweden and NonwalQ91, Denmark in 1992, Italy
and Germany in 1999 and the United Kingdom in 2001.

Table 1.1- The commitments of the member countries in accaeavith article 4 of the
Kyoto Protocol

Member Country Commitment (% change in emissions for 2008-2012 compared todlbase year)
Austria -13
Belgium -7.5
Denmark -21
Finland 0
France 0
Germany -21
Greece 25
Ireland 13
Italy -6.5
Luxembourg -28
Netherlands -6
Portugal 27
Spain 15
Sweden 4
United Kingdom -12.5

Source EU burden sharing agreement (Annex |l CounciliBiea 2002/358/EC).

Table 1.2 — The achievement of the Kyoto targetsuropean countries (emissions in
millions tons)

1990 1998 2000 2010 Objective
IEA 1998  IEA 2002 2008-2012

Austria 57,0 61,0 62,8 66,0 64,8 56,9
Belgium 106,2 122,5 120,3 121,2 114,4 98,2
Denmark 49,7 57,7 50,1 44,8 59,2 39,3
Finland 53,4 59,7 54,8 70,3 49,7 53,4
France 364,0 371,7 373,3 406,6 461,9 364,0
Germany 966,5 857,7 833,0 894,6 838,5 763,5
Greece 69,0 80,9 87,8 135,0 118,2 86,3
Ireland 32,2 38,4 41,2 45,2 442 36,4
Italy 396,6 420,1 425,7 484,8 428,9 370,8
Luxembourg 10,5 7,2 8,0 7,8 8,2 7,6
Netherlands 156,5 170,9 177,1 196,1 176,3 147,1
Portugal 39,9 54,6 59,6 66,4 60,1 50,7
Spain 2115 254,0 2847 289,3 323,9 243,2
Sweden 48,5 49,6 52,0 61,6 51,1 50,4
United Kingdom 572,3 540,4 531,5 619,5 581,8 500,8
Total UE 3133,8 3146,4 3161,9 3509,2 3381,2 2868,6

Source AEEG, 2003.

Table 1.1 and Table 1.2 show how, with respechéoltalian trend in the achievement of
Kyoto objectives, a measure such as introducingparaitaxation could have helped to
reduce the increasing emission trend (for a motaildd analysis of international emission
reduction policies see Paragraph 1.6 and Table a&rkD 1.11). In particular, carbon
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taxation could have been effective for its intecteeal character, given that its effect
would have interested a number of different sectibedping to achieve sector reduction
targets fixed by the Second CIPE Deliberation. itgroduction could have been
particularly useful considering the assigned maxmmemission levels to each sector for
the period 2008-2012, calculated as average yems&ems and established in conformity
with the reference scenario described in the Se@iR& Deliberation (Table 1.3). in fact,
carbon taxation would have contributed to the respé the maximum emissions levels
fixed for most of energy uses, namely energy imist(electricity generation), industry,

transportation, residential and tertiary sector.

Table 1.3 — Maximum emissions levels (Mt £€9;.)

1990 emissions Maximum GHG emission levels 2008-2012

ENERGY USES 424.9 4445

- Energy industries: 147.4 144.4
. thermoelectric 124.9 124.1
. refinery (direct consumptions) 18 19.2
. others 4.5 1.1

- Industry 85.5 80.2

- Transportation 103.5 134.7

- Residential and tertiary 70.2 68

- Agriculture 9 9.6

- Others (fugitives, military, distribution) 9.3 6/.

NON ENERGY USES 96.1 95.6

- Industrial processes

(mineral and chemical industry) 35.9 30.4

- Agriculture 43.4 41

- Waste 13.7 7.5

- Others (solvents, fluorinated) 3.1 16.7

TOTAL 521 540.1

Source Second CIPE Deliberation.

1.3.2 The emission trading market

EU overall greenhouse gas emissions fell in 20A(E2008), but this drop was mainly
attributable to lower C®emissions from households and offices due to wamesather
and rising fuel prices, and lower nitrous oxide &sions from some chemical plants. In
April 2007, the European Commission reported thatben dioxide emissions from
industrial plants in the EU emission trading schehas risen in 2006: data from
installations responsible for over 90% of emissishewed a slight increase of 1 to 1.5
percent relatively to 2005 emissions. Then, indaisemissions were still below the EU
cap set for 2006 in the national allocation plapgraved for the first phase of the scheme

(2005-2007); also transport emissions were of @adr concern since they grew
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significantly in 2006. The resulting surplus inoaliances adds to the growing consensus
that governments were overgenerous in distributar@pon permits. In 2007, the final year
of the three-year trial phase of EU carbon tradiobeme, industries in the EU emission
trading scheme emitted 0.8% more carbon dioxide pawed with 2006 (European
Commission Press Release, 23/05/20Bpint Carbon indicated an EU over-allocation
of around 215 millions tons in the 2005-2007 figtase of the scheme. This brief
overview clearly shows the relevance of a more ildetaanalysis of emission trading
market recent trends.

The price of carbon permits for the first phaséh&f European emission trading scheme
fell to a new low of EUR 6.88 at the end of Decen@06, probably due to the estimated
surplus of 100m phase-one allowances (ENDS, 20@63es stayed unexpectedly high
over the summer as power generators continued yaalowances to cover future needs
but after, in face of an unusually mild winter, dand in the power sector had fallen away.
Meanwhile, the price for phase-two allowances resaignificantly higher than phase-
one price, reflecting market expectations that suppll be restricted; more precisely it
has continued to rise up to EUR 18.73 per ton. Thiprimarily because of the tough
position being taken by the European Commissioitsifudgment of national allocation
plans.

Figure 1.1 - CQ@price: Spot price (2005-2007) and Futures pri€®82012)
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The price of carbon permits slumped further in fin week of 2007, ending at a new
record low of EUR 4.88 per ton. It has now fallgn8%% since its positive peak of April
2006. The price of carbon allowances in the finstl aecond phases of the European

2 Corrected for changes in the number of installatiorthe ETS, the rise was 0.68 per cent
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emission trading scheme (ETS) has fallen to newslatthe end of February 2007: first-
phase allowances have collapsed to EUR 0.80 perht@ming in less than two weeks,
while allowances for the 2008-12 second phase aEU&R 12.70 per ton. In May 2007
prices amounted only to 1% of their peak level iheaicin April 2006.

While an explanation of the first phase price peakld be over-allocation, the reasons
behind the fall in the phase two price are lessals/ Point Carbohcited possible reasons
running from lower gas prices, reduced demand fatitities and general nervousness in
the market. The allowance price nevertheless resmainch higher for the second phase
because allocation plans for 2008-12 foresee sogmfly deeper cuts in emissions.
Regarding future market developments, an oversupplgarbon credits generated by
carbon offset projects in developing countries dde&d to a new collapse in carbon prices
and hinder efforts to achieve domestic cuts in geradn fact, in the second phase of the
emission trading market, installations will be alde buy carbon allowances on the
international market through the Kyoto Protocokiitde mechanisms. The World Bank
(2007) forecasts a shortage of carbon allowancésivieen 0.9 to 1.5 billion tons during
phase two of the ETS. Despite falling prices, aistion the European carbon market is
continuing to increase rapidly: the value of thebgll carbon market tripled in size during
2006 to reach 22 billions of Euro and volumes tdatese from 710 million tons in 2005 to
1.6 billion tons in 2006. At the same time, theetnational Emission Trading Association
(2007) in its first “Greenhouse gas market sentimgemvey” shows improving business
confidence in carbon trading as an effective lagrgat tool to reduce emissions. As in
previous years, the market was dominated by theg&an emission trading scheme,
which accounted for over 80% of the total valudrdhsacted 1.1 billion tons of carbon in
2006. The market in the Kyoto Protocol’s flexibleechanisms also doubled in size,
trading 450 million tons. In 2006, nearly 90 % bétKyoto flexible mechanisms market
was made up of Clean Development (CDM) projectpragxwhich clean energy projects
made up a quarter of total CDM investments in 20062007, the global carbon market
more than doubled in value to 47 billion of Eurccarding to the World Bank (2008).
Total traded volume increased sharply to 2.9 lillions and the EU emission trading
scheme continues to dominate the market. Trades werth 32 billion of Euro, nearly
double with respect to their 2006 value.

% point Carbon provides carbon price forecasts anlysinaf greenhouse gas emissions trading markets.
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With regard to the over-allocation problem (if angl)fferent interpretations exist. Over-
allocation in phase-one has been widely blamedvédatility and falls in carbon prices,
which have dented the scheme’s reputation. BucaneérEllerman (2006) assert that over-
allocation may not be as pervasive as many havegtiio even a generous approach
concludes that 11 member states that distributedlynéhree-quarters of all allowances
cannot be viewed as having over-allocated. Theoasithiso suggest that emission cuts by
companies could have played a part. In particalecprding to the authors, more than half
of the surplus of allowances recorded in the EWaamarket in 2005 looks to have been
caused by companies reducing their emissions ré#tlaar by governments having handed
out too many allowances. Clearly, the evaluatiompluéise-one results could not be done
without disentangling these factors.

According to a survey of 151 British firms (PriceednouseCoopers, 2007), traditional
command and control measures and taxes could be eftective at delivering green
improvements than instruments such as emissiomsngraEven if UK pioneered the
emission trading approach in Europe and it is amred one of the best implementers of
the ETS, this energy policy tool turns out to bes af the least favoured among the
alternative interventions strategies, with lessithalf of the firms interviewed agreeing on

its effectiveness.

1.4 Environmental taxation in Europe
OECD (2006) confirmed that there is a high potérita governments to introduce more

environmental taxes. The report recommends redweiegiptions in order to ensure taxes
are environmentally effective and economically@éint. Environmental taxes and charges
have been widely used in OECD countries duringdbedecade, but in the last few years
have lost some of their allure. In the EU, for epdan latest data show that in some
countries they are declining as a share of GDPu(Eid.2) and of overall taxation. The
amount of revenue raised could, however, not reptesa precise indicator of
environmental taxes relevance: this kind of enwimental policy can trigger major
behavioural changes that discourage polluting #ietsy then it can raise decreasing
amounts of revenue because the tax base diminishes.

The OECD report discusses how key obstacles tor@amwiental taxation use could be
overcome. One is the widespread fear that greesstasl hit industrial competitiveness.
For this reason many environmental taxes includemgtions or refunds designed to
protect certain sectors. Many of these are totglastial exemptions from energy taxes for
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energy-intensive industries. As a result, the dvéraden of environmental taxes falls for
the most parton the transport and residential sector, reducexed environmental
effectiveness and embedding potential regressieetsf In fact, a second key obstacle to
environmental taxes is related to their potentahit poorer households hardessue that

represents the object of my analysis.

Figure 1.2 - Revenue from environmentally relageces in percent of GDP
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Taxation is certainly a powerful and effective mshent that can help to achieve the EU
ambitious objectives on energy and climate changei@mum costs. Collective decision-
making on tax matters is difficult because it regsiiunanimous agreement among EU
governments and for this reason it can also rasutbx rates too low to be effective.
Adopting green tax reforms in Europe —introducingtaa shift from labour to the
environment — can succeed in realigning some ect®that are still characterized by
insufficient use of labour resources and excessiwgronmental pressure. At the end of
March 2007 the European Commission has publishepgtean paper which promotes
greater use of market-based instruments, such asngtaxation, to achieve EU
environmental and energy goals. The paper is at joiitiative between the EU

environment and tax commissioners Stavros Dimas laasrl0 Kovacs. Policy areas
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targeted by the green paper include energy taxatvater pricing, waste management and
local air pollution. A key proposal in the greenppris the introduction of an explicit
environmental element in the energy tax directReactions to the paper could provide
input for fresh EU legislation, in particular forirBctive 2003/96/EC revision. Problems
implementing the trading scheme (ETS) have boldténe case for a parallel EU carbon
tax. Already the Energy Taxation Directive (2003B6) had foreseen some options
according to which energy taxation could be fullypartially replaced by the emission
trading market, in order to achieve environmentatgction objectives or improvements in
energy efficiency. In this context, some overlagpioetween the European ETS and
energy taxation can arise. The solution to avoisl kind of problem has been to establish
clearly circumscribed taxation elements, in ordeerisure that there is no overlap between
the two instruments with regard to purpose and scdpe EU ETS applies to emissions
from certain combustion and industrial installaipmepresented bgnergy production,
production and processing of ferrous materialsn(iaod steel production), mineralogical
industry (from certain capacity threshold upwardsyl other activities, such as industrial
plants for the production of pulp from timber ohet fibrous materials and industrial
plants for paper production. Energy taxation, st applies to fuel uses of enétgy
leaving the most energy intensive sectors (cuyardVered by EU ETS) outside its scope.
Moreover, energy taxation does not apply to en@rggucts used in energy production or
as inputs for electricity generation. Once solvieid primary issue, | want to emphasize
how carbon taxation can represent a powerful insdnt in order to ensure emission
trading efficiency. The EU could need a carbonadbngside its emission trading scheme
to deliver the strong price signal required to achithe 20% greenhouse gas reduction
target agreed for 2020When the scheme was introduced there was a de#at it was
going to be the only EU instrument for reducingocar dioxide emissions; on the contrary,
it now seems that other instruments can be putsoside. In particular, an EU-wide carbon
tax could improve the ETS by placing a floor on pinee of carbon and it could be applied
to sectors, such as transport, which turn out taliffecult to include in the ETS. The
European commission floated the idea of an EU-wigdon tax as long ago as 1991.: it

was abandoned due to weak political support anchéasr been seriously revised.

*In particular energy taxation does not apply tergy products (and electricity) used as raw mdteiia industrial
processes.

> This objective in European energy policy has besopted by the European Council on 9 March 2007 herbasis of
the Commission's Energy Package, e.g. the CommumicatiAn Energy Policy for Europe” COM(2007)1, “Litimig
global climate change to @egrees Celsius” COM(2007)2 and “Towards a Européategic Energy Technology Plan”
COM (2006)847.
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1.5 A European carbon tax
An important consideration that affects nationaérgy taxation policies is the need to

maintain the country’s international competitivesigs is problematic for a single country
to change its taxation on environmental groundiefothers do not do the same (Nilsson,
1999; Zhang and Baranzini, 2004). Without intemi coordination, the result is
represented by taxation systems where nationab&etiés have no room for manoeuvre.
On an integrated market such as the European ammee glegree of harmonization
constitutes a precondition for any important chaingenergy and environmental taxes.
Introducing green taxes on a European scale iglftanith problems, not least because the
Amsterdam Treafyrequires unanimous support for the implementatibEuropean wide
tax legislation. In the past this has proved to ébédwuge stumbling-block, with the
consequence that for a long time none of the E@og@gommission suggestions have past
the proposal stage.

In 1991 the Commission first attempted to proposeramon climate protection strategy,
followed in 1992 by a directive proposal aimedrataducing community-wide carbon and
energy taxation (COM/92/226). This intervention waasesponse to the United Nations
Framework Convention on Climate Change; it was eapg to take effect at the beginning
of 1993, but neither it nor its amended propbsahieved success. The tax would have
been appliedad quantum(specific tax) to the final consumption of energypore
specifically, it was structured as follows: halftbe tax on crude oil, used as the reference
product, was to be collected on the basis of cadootent (in order to reduce air pollution)
and half on energy content (in order to improvergneefficiency). The taxes on other
energy sources were to be based on unit tax composeecified in this waylhe rates
would have increased over ten years and it would Heeen calculated in real terms to
adjust for inflation. When the tax would have resthts maximum, the tax revenue,
recycled through cuts in employers social secuasgtributions, would have represented
between 0.8 and 1.3% of GDP, depending on the ppunt

The potential for using energy/G@axes to reduce greenhouse gas emissions was again
addressed in 1997 (COM/97/30), in reply to the latlkprogress in the field of energy

taxation. The draft directive rejected the carb@xidie/energy tax model and called for a

® The Treaty of Amsterdam was approved by the Eumpggauncil on 16-17th June 1997 and signed on 2rtdk@c
1997 by the foreign ministers of the fifteen membeuntries. It had as main objective to modify aertregulations of
the Treaty of the European Union, the constitussdties of the European Communities (Paris and Rame)of some
acts related to them.

" The 1992 proposal was revised in 1995 and struttomere flexibly with regard to national implemeinat but made
the introduction of the tax compulsory by the y2@@0 at the latest.
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staggered introduction of minimum tax rates oneakrgy products, the first coming into
effect in 1998, the second in 2000 and the thir@002.The proposed measure aimed at
establishing minimum tax rates for coal, naturad gad electricity, as well as increasing
minimum rates for petrol, diesel and other fueltie Ttwin aims of the plan were
harmonizing EU energy taxation and encouraging duaton in fossil fuels burning.
Policy guidelines also specified sector and usggeiic exemptions, reductions and tax
refunds, and the recommendation to use the gedetakerevenue to reduce distorting
charges on labour. Still, the proposal had to faeey hard opposition: after several
revisions and amendments, it came into force in3200 fact,no consensus could be
reached by Ministers during the previous yearsGbmmission proposal was firmly stuck
in the Council and an alternative proposal was eeéd¢d reduce emissions whilst avoiding
competitiveness issues between EU countries. Al dgroposal failed due to fears of
upsetting euro-skepticisnm several EU countries: a similar approach to eiors
reduction could have a negative political impact nrany countries if not properly
explained or put into context. Opposition is thdutgh have come from concerns about
potential impacts of higher energy taxes on EU stigucompetitiveness. Clearly, more
work was needed to assess how far increases ig\yeteex rates could be compensated by
reductions in labour taxes to achieve fiscal nditgrat member state level. This idea is
closely linked to the so-called double dividendritture, which | will review in Paragraph
2.2.

After that, the Commission modified its previousattgy to design a tax which reflect
both the carbon content and the energy value dfilfégels and promoted a different
approach. The introduction of an energy tax wasifigd not only by environmental
arguments but by matters of harmonization in theriral market. The plan to harmonize
EU energy taxes - widely seen as a key policy enfipht against climate change — could
not be finalized in 1999 neither, and the dossasspd on to the Portuguese presidency
without any major progress. Both the Finnish aral gheceding German EU presidencies
strongly supported the plan, but Spain and Irelatmtked any intervention. Neither
France, which succeeded Portugal as EU presidenttyei second half of 2000, managed
to introduce the harmonization measures.

An agreement on EU-wide minimum energy tax leveds when scheduled to be reached
by the end of 2002; but conflicting demands fromuanber of countries caused a series of
postponements. Italy emerged as the final hurdevéscome, as it blocked the agreement

on the grounds that it would harm its hauliers cettiwpeness. The problem seemed to be

28



solved in July 2002 when Italy was praised by th@m@ission for putting its weight
behind a proposed directive to harmonize excisestd@r commercial diesel fuel; even so
in March 2003 EU finance ministers failed once agaireach a political agreement on a
common energy taxation framework. This time, théaylén agreeing the proposal was
caused by Austrian objections to providing exem#ifor energy-intensive industries.

In October 2003 the agreement on the text of actime was finally achieved. A draft
opinion on the directive by Finnish Member of Ewap Parliament (MEP) Anneli
Korhola had already been voted by the EuropeanaRaht’s environment committee in
March 2003. MEPs passed several amendments widémengcope of the directive to all
professional vehicles, moving more quickly towasedigining excise taxes on petrol and
diesel, and introducing EU-wide taxation of carbdioxide emissions. The “Directive
restructuring the Community framework for the taéomat of energy products and
electricity” replaced, in part or in whole, its D@redecessor dealing just with mineral
oils. Both directives set minimum rates for natiotexes on specified products. The
Directive 2003/96/EC broadens the scope of EC minintax rates beyond mineral oils to
cover all energy products, including natural gag solid fuels (coal, peat, lignite), as well
as electricity. It is based on a system of mininexuise rates, specific for every individual
fuel and energy type, and not of itself introduaesommunity energy or carbon tax. The
directive had to be transposed by Member State20B%; even if the agreement provided
relief for what were difficult negotiations, it i8orth emphasizing that excise taxes fixed

by the directive were smaller than the nationalage, as can be checked from Table 1.4.
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Table 1.4 — Excise burden in force and proposeDilsctive 2003/96/EC

(Euro/000 litri) (Euro/000 Kg)

Unleaded petrol Diesel Diesel (heating) LPG Auto  Heavy fuel oll

Austria 424.7 310.14 106.14 101.02 36.34
Belgium 536.19 321.81 18.49 - 15
Denmark 546.2 369.05 281.82 - 332.82
Finland 597.32 346.81 71.52 - 60.67
France 589.2 416.9 56.6 59.9 18.5
Germany 654.5 470.4 61.35 91.8 25
Greece 296 245 21 99.78 19
Ireland 442.68 368.06 52.12 72.06 18.46
Italy 558.64 403.21 403.21 156.62 31.39
Luxembourg 442.08 252.85 10 54.04 13
Netherlands 664.9 380.4 202.9 54.6 32.11
Portugal 522.6 308.29 89.65 50.8 15
United Kingdom 690.82 690.82 61.89 132 56.15
Spain 395.69 293.86 84.71 32.47 14.43
Sweden 517.49 359.86 359.75 76.92 392.06
Minimum 2004 Level 359 302 21 68 15

Source: Unione Petrolifera, 2004.

Proposed minimal levels are not always significantintries in red are those where excise
level in 2003 were lower than the minimal 2004 lev& any rate, the compromise-
oriented proposal includes a large number of exmeptand country-specific transition
periods. By adopting this directive, the Europeamnod equipped itself with a framework
for energy taxation before the next phase of the éfllargement process. This has
probably represented an attempt to make concreges sin implementing the Kyoto
Protocol before EU enlargement: the very low mimmreates would probably have some
impact in the accession countries. Obviously therex strong link between national
policies and measures (PAM) and EU common and comtet policies and measures
(CCPMs), in this case represented by 2003 direciemmark, Finland, France, Germany,
Ireland, Netherlands and United Kingdom had alreéadylace policies for the taxation of
energy products, Italy and Sweden re-enforcediegistational PAM after the adoption of
the directive, while Austria and Portugal impleneghhew national PAM.

Since various policy tools can be employed in ortterensure the respect of Kyoto
obligations, my study must broaden out its view eamine different intervention
strategies, even if it remains concerned only \ilig distributive effects of a policy tool

such as a carbon tax.
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1.6 European experiences in energy taxation
Although the European Union has faced many diffieal related to harmonize energy

taxation, this has not precluded unilateral pofidie be put into forceiVhen the revenue
from taxes on pollution or natural resource deptetis used to lower taxes on valuable
economic activities, such as employment or investmee refer to this as Environmental
Tax Reform (ETR). Here | describe in detail theorefs enacted (or tried to be) in some
countries. My scope is not offering an exhaustiesiaw but examining the most
significant cases in order to carry out my simolatanalysis. Several observations can be
driven on ETR. First, explicit ETR is a recent political ploemenon: all ETRs were
enacted in the past decAdETR packages have tended to reduce the tax bptdead on
labour, primarily by cutting non-wage labour costs the form of social security
contributions paid by employers. ETR packages harg often focused on the energy
sector, mainly due to the need for curbing the akilobal climate change, as well as to
the high revenue potential of energy taxes compirether green taxes.

At the annual Nordic Council meeting taking placeHelsinki in 1997 — in the middief
the debate on the proposal of a European carbor tagmbers of Parliament from five
Nordic countries made a unanimous recommendatidheam governments to harmonize
energy taxes across the region. Introducing a tsecifically on energy consumption
would have enabled progress towards environmemalsgwithout conflicting with EU
competition laws, which restricted unilateral tax@s energy production. The Nordic
Council (2006) stated that energy and carbon teeantly introduced in Nordic countries
have achieved some remarkable improvements: fompka a Danish tax on carbon
dioxide has cut emissions by almost a quarter eegen years. The Nordic countries can
then be described as forerunners in energy taxatiadhe European Union. Although
some EU Member States, such as Germany and theithi¢y introduced new energy/GO
taxes or increased existing ones, the energy taxdtamework of the Nordic countries
still out-performs the situation in other EU Meml&tates, both in terms of the number of
energy products being taxed and of tax rates, whrehthe highest within the EU. For
these reasons, | will begin my review of Europeargy policies from the Nordic
countries, the first that have acted in order tuoe carbon dioxide emissions.

Despite of their geographical proximity, a “Nordimodel” for CQ taxation does not exist:

taxes are widely different according to excisegataxable basis and exemptions, trying to

8 Nordic countries’ tradition to use fiscal instrurhéor environmental protection objectives dateskitacthe seventies
but in the last decade it has been intensified thighadoption of fiscally neutral ETR.
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adapt to national specific features. Even so, tedaaracteristic features can be identified:
first, ETR are often put into force gradually anxtises are modified to account for
inflation; second, exemptions for energy-intenssextors are widely used in order to
protect national competitivenesand often special treatment is reserved to elégtric
Regarding the excise rates, sometimes fiscal abgscprevail on environmental ones, so
that fuels and gasoline are more heavily taxedh(vaspect to carbon), having a low price
elasticity and allowing for an easy increase inrfeenue. The taxation of transport fuels
has a long tradition: for example, in Norway excis&es on transport fuels were
introduced in 1931, and taxes on petrol have existd&©enmark since 1917. Finally, in all
these countries energy taxes are the greatestuevarsers among environmental taxes.
Finland

Finland in 1990 was the first country in Europenpose a C@tax, levied on fossil fuels
depending on their carbon content. The Finnistsyestem distinguished between an excise
tax (basic duty) and an environmental or,Géx (additional duty), which was calculated
according to the carbon content of the energy mtsdand imposed on primary energy
inputs (Finnish Economic Council, 2000). This @itCG, tax was levied on oil products,
other fossil fuels and electricity. The initial eatvas low (1.2 EUR/ton C) and it,
together with the tax base, has been increasedatdiaes since then. In order to create
incentives for wider use of natural gas, the,@&x rate for this energy source was reduced
by 50% as compared to the general,@&X level and this still applies today. In 19%ke t
CO, tax scheme was changed to a f@@ergy tax. As a result of this amendment, all
primary energy sources were taxed according to bethenergy content and the carbon
content: 75% of the tax was determined by the cadmntent and 25% by the energy
content. In 1997 the CQax became again a 100% carbon tax, but this dppdying only

to heat generation. The tax reform in 1997 ledames changes in the taxation of energy
(Andersen et al., 2001). Firstly, the basic dutyswaduced for all energy products and
completely abolished for heavy fuel oil and elextyi The additional duty became again
completely based on the carbon content of the gnergduct. Unlike Sweden and
Denmark, Finland does not impose any tax on theotibquefied petroleum gas (LPG). In
contrast to the other Scandinavian countries, RthlZoes not distinguish between tax rates
for private users and industrial users.

In 1997 also the tax scheme relating to electriaigs thoroughly revised. Before 1997,
excise taxes were levied on electricity dependingtlze production method, and not
directly on the consumption of electricity. In aogance with this tax scheme, fossil fuels
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used for electricity production were levied witreteame energy and G@axes as those
levied on industry. In 1997 all production taxesr@veemoved and a consumption tax on
electricity was introduced, shifting from an inptaixation scheme to an output-based
scheme. The 1997 amendment in the tax schemerakmed differentiation between the
tax rates levied on the consumption of electribjyhouseholds/service sector and industry
respectively.

The taxation of transport fuels has a long traditroFinland, as is the case in other Nordic
countries. However, environmental issues have ntared into the justification of excise
taxies on transport fuels until 1987, when Finrasithorities introduced differentiated tax
rates on petrol according to the lead content (BmEconomic Council, 2000). Even if the
tax was introduced in order to establish an economcentive for choosing more
environmental-friendly fuel types, tax rates went differentiated according to the lead
content in the period from 1990-1994. The incraasthe tax rates levied on transport
fuels has slowed since 2000: the total tax burdeietl on transport fuels doubled between
1990 and 2000, but has only increased by aroundibée 2000.

Sweden

The overall principle in Swedish and Danish taxatschemes on fossil fuel is similar.
While the energy tax in Denmark is built on threparate taxation schemes, the excise
taxes on fossil fuels in Sweden consists of fo@mants; an energy tax, a €@x, a
sulphur tax and a tax on N@missions. Moreover, taxes on nuclear power axelstan
the consumption of electricity are levied.

Energy policy in Sweden became particularly activeonjunction with the oil crisis in the
early ‘70s, focusing on problems related to the f&aan oil shortage. In the ‘80s, the
motivation for policy intervention switched to erammental concerns; later on, the focus
has switched towards the interaction between enmiemtal taxation and public finance,
the so-called double-dividend issue (Johanssorn))200

The energy tax on fossil fuels has been a palt@Bwedish tax system since the late ‘50s,
when an energy tax on mineral oil and coal wathiced. The scheme was extended in
1964 by levying an energy tax on LPG; the finapstecurred with the inclusion of natural
gas into the scheme in 1985. The tax rate wasivelatmodest when it was first
introduced in 1957, and the energy tax has undergemiodic increases ever since, until
the energy tax rate peaked in 1990. In 1991 th&eeenergy taxation scheme was
restructured: the energy tax was lowered, offsgttthe increase caused by the
implementation of the C{ax, leaving the overall tax burden almost uncleging
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The second element of the excise taxes on fosds fa the C@tax which was introduced
in 1991. The effective C{Qtax rates on the various fuel types are basedherassil fuel
carbon content. The Swedish excise tax schemerslignificantly from the Danish
scheme because in Sweden the, @ constitutes the most significant part of theise
taxes levied on energy. In 2005, the £4@x constituted more than three-quarters of the
total tax on fossil fuel consumption.

An excise tax on electricity consumption in Swedes introduced already as early as in
1951. During the last 50 years the tax on eletyrmpnsumption has been gradually raised,
and the taxation scheme has been revised and adthendatless times. As in Denmark,
the consumption of fossil fuels used for electyigtoduction is not charged with energy or
CO, taxes. Instead consumers of electricity are chavgddan end-user tax. In 1991, the
tax on electricity consumption in industrial fattids was completely abandoned and it was
not reintroduced before the second half of 2004 esnsequence of the adoption of the EU
Energy Taxation Directive. The tax on electricignsumption in Sweden is not levied in a
uniform manner; there are some distributional aspecestablishing the tax rates as they
are set based on geographical considerations: $9®&%® the municipalities in the northern
parts of Sweden have been charged with a lowetrigigg tax. In 1998, the electricity tax
scheme was further refined when the tax rates wiferentiated according to high and
low consumption, leaving large consumers with dérgax rate than smaller consumers.
The tax on petrol consumption was the first end¢agyto be introduced in Sweden in 1924.
Taxes on diesel were implemented later in the'tis and diesel has always been charged
with a lower tax rate than petrol. In 1986, therpletax was modified by considering the
harmful health effect of lead in petrol: two diéett tax rates for leaded and unleaded
petrol have been introduced in order to offer aonemic incentive to choose the least
harmful type of petrol. When the G@x scheme entered into force in 1991, transportat
fuels were also included in this tax scheme.

The Swedish government increased all energy rel@eges considerably during the last
five years as compared to other Nordic countriemidity of Sustainable Development
Sweden, 2005a). The rise in energy tax rates imiaek, Finland and Norway was almost
negligible, at around 5% in nominal terms. Swed@as w strict contrast with this trend, as
the non-transport energy tax rates increased bat®8eand 60 percent during the same
period. Almost the same applies to the electritatypaid by households, which was raised
by around 40%. These nominal increases must beigdka context of the program of tax

shifts over a period of 10 years, which was lauddme the Swedish government in 2001.
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The primary political objective of this program wasshift the tax burden away from taxes
levied on labour and to compensate the loss inngéy increasing environmental taxes.
In particular, the 2004 budgstheme clearly reflects Swedish determination t@ade its
green policy agenda even as other European cosiareedowngrading theirs (Ministry of
Sustainable Development Sweden, 2005b). Underbildget scheme, energy dominates
the environmental tax rises. Sweden’s carbon dexak on households and service
industries jumped by8%; electricity and diesel tax paid by the sameugs have also
risen. Furthermore, the budget scheme abolishedi&vi® zero rating on electricity used
in industry: starting from 1st July 2004 the taxlsarged at the minimum level under the
future European energy tax directive. The greemnrit®s were to be compensated by a cut
in state income tax for all employed individualsdaa reduction in the payroll tax.
Meanwhile, full exemption from excise tax had beearen to biofuels and carbon dioxide-
neutral fuels have been exempted from both carlbmadi and energy taxes.

Sweden proposed budget for 2006 goes on with tt@engtax shift. The output tax on
nuclear electricity has been raised by 85% anddkeon electricity used by households
and the service sector has also been increasguarfAsf adaptation to the EU, the reduced
tax rates for electricity, gas and heating haventeeninated.

Norway

Energy consumption is charged with many differantl& of taxes in Norway (Andersen et
al., 2001). First of all, it is charged with an egmetax already introduced in 1970, which is
not levied on coal and coke. This energy tax schieaseundergone several changes since
it was first introduced. With the introduction dfet CQ tax in 1991, the energy tax on
mineral oil was lowered in 1992 and abandoned BB818s a consequence of the efforts of
the Norwegian authorities to put greater focus @y €missions within the energy tax
scheme. As a result of these changes, excise taxenergy products have been based
exclusively on the environmental characteristicghaf fossil fuels. The legal foundation
concerning the entire energy taxation scheme osilfagels was revised and amended in
1998. In 2000, a basic excise or energy tax on dilelsed for heating purposes was
reintroduced, aiming at discouraging increased afseeating oil. This development has
also to be seen in the context of the increaseéhénelectricity tax: energy authorities
wanted to avoid the tax schemes causing a shifh fedectricity consumption to oll
consumption. The effect of the reintroduction of thasic (or energy) tax on mineral oils
was that almost half of the total tax burden orrgyneonsumption in 2005 stemmed from
the energy/basic tax.
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In 1991 a second kind of taxation on energy condiompvas introduced, affecting the use
of mineral oils, natural gas and petrol. At the efd1992 the C@ tax scheme was
extended and a GQ@ax was also levied on coal and coke, abandon2603. Norway has
adopted a different approach in establishing the, @ rates, which vary between
different energy products, in contrast to the uai@wedish or Danish GQax rate. The
rates have been increased several times sincattiogluction of the tax; Norway indexes
all tax rates, which means that the rates rise@o@ance with inflation, guaranteeing that
the real value of the tax rates is kept constame(wexpressed in the national currency).
Such a policy approach is rarely followed by otBeropean countries. Energy related
taxes as well as environment related taxes haveased by around 2% annually between
2002 and 2005.

Electricity production in Norway is primarily basexh hydropower and it is, therefore,
characterized by low emissions of £€é&nd other pollutants. Therefore, it is not surpgs
that there is no Ctax on electricity consumption in Norway. The Negian excise tax
on electricity consumption was introduced in 1964 & has been gradually increased. The
revenue from the electricity tax was explicitly marked for building hydropower plants
or improving them. Some further development ocalire1993, as Norway introduced a
production tax on electricity generated in hydropowlants. During the period 1993-1997
electricity was therefore subject to a productian veell as a consumption tax. The
production tax was finally removed in 1997.

Two different environmental tax schemes addresdréresport sector, as is the case in all
European countries; energy taxes are levied orspan fuels, while the purchase and
ownership of motor vehicles are subject to transpalated taxes. Taxes levied on petrol
consumption were the first energy taxes to be dhtced in Norway in 1931. The revenue
generated from the petrol tax has been hypothecédedimprovements in road
infrastructure. The petrol tax rates have beenessed for both fiscal and environmental
reasons during the last 80 years. A tax on diefiefoo transportation purposes was
introduced in 1970, as a part of the overall taxraicheme on mineral oils. A specific tax
on diesel oil for transportation purposes — in iddito the tax implemented in 1970 — was
not introduced until 1993.

Aiming at including environmental criteria in thaxt computation, transport related fuel
taxes have been revised three times. In 1980 aB6 1% tax scheme was changed,
focusing before on the octane content and thenhenldad content. The second policy

approach with a specific environmental purpose thrasntroduction of the C{xax. While
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diesel was charged with the tax rate relevantltonaleral oils, petrol was charged with a
special and significantly higher G@x rate. The difference between the QX rate on
petrol and diesel oil has gradually been decreafted the introduction of the tax in 1991.
The third specific environmentally related tax oansportation fuels is a sulphur tax on
diesel which was introduced in 2000.

In April 2007 Norwegian prime minister has pledgednake Norway carbon neutral by
2050 (ENDS, 2007). It would be the first time a iy set out to reduce its net
greenhouse gas emissions to zero. The goal woulédmhed through a combination of
expanding carbon capture and storage and buyingsemi credits internationally. He
declared two further targets: Norway would excetxd Kyoto protocol target by ten
percentage points and unilaterally cut emission30% compared to 1990 levels by 2020.
Norwegian Kyoto target is restricting emission®siso 1% above 1990 levels during the
second phase (2008-2012) and current emissiores@ued 10% above.

Denmark

The Danish excise taxes on fossil fuels are diviteal three separate tax categories with
separate characteristics and distinct historicaiuies (Hoerner and Bosquet, 2001). First,
an energy tax is levied on all fossil fuels. Thergy tax on fossil fuels was introduced in
1977 as a response to the oil crisis. The tax wapased to provide consumers with a
financial incentive to save energy and, therebyettuce the balance of payments deficit
resulting from oil products imports. The energy, tantially levied only on oil products,
was extended in 1982 to include coal products. 9961the energy tax scheme was
expanded further to include natural gas. The ttesrare differentiated across the different
energy products according to the energy contemtaoh fuel type, except for natural gas.
In fact, the energy tax scheme was partly usednascanomic instrument to promote
consumption of natural gas: until 2001 it was reggiiby law that its consumer price does
not to exceed the price of fuel oil and the endegyyinstrument was used to meet this end.
In 2001 a political majority decided to abolishstlixed price scheme. The new and more
liberal scheme was introduced partly in order tonpty with the EU open competition
regulation.

The second element of the excise taxes levied ssilffuels is the C@tax. In 1991, the
Danish Parliament passed the £a@x as a reaction to the increased attention iomatd
change, and this intervention came into force inyM&92. The tax on COwas not
intended to increase the overall price on energy réther to create economic incentives

for less CQ-intensive energy sources. Later, in order to na&nthe overall tax burden
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and avoid price increases in energy, the energyveas«lowered. During the period from
1992 to 2004 the tax rate was fixed regardlessuef fype. In 2005, a revised G@ax
scheme entered into force and the,G&x rate was lowered: to maintain the overall tax
burden, the energy tax has been increased correisgbn

The excise tax on electricity consumption was ihticed in 1977 and it is levied on all
electricity consumption regardless of its origirmsEil fuels used in electricity generation
are exempted from the energy and,Géx. In 1986 a lower tax on electricity used for
space heating was introduced and a two tax-ratenselexists since this time. The latest
revision of the electricity tax scheme came intawdéoduring 1999 and it can be seen as an
adjustment in response to the liberalisation ofdti@mon Nordic electricity market.
Environmental taxes on transportation can be dividéo two independent subcategories.
Transportation fuels are subject to the energy #red CQ tax and, in addition, the
acquisition and use of motor vehicles are charged various vehicle taxes. There is a
long-standing tradition in Denmark for levying taxen fuels for transportation. The first
tax on transport fuels was already introduced ii718nd the rates have been increased
since. Up to the late ‘80s, there were basicallp tebjectives behind the taxes on
transportation fuel: they were meant to raise raeeand they were also seen as an
instrument to control oil imports. The excise tawastransportation fuels have, however,
also been used as a deliberate means to regukatenvironmentally harmful effects
arising from transportation fuel consumption. le thte ‘80s, the harmful effect of lead in
petrol was detected and unleaded petrol was giwar eebate in relation to leaded petrol,
thereby giving consumers an economic incentivehimose unleaded petrol. Excise taxes
have been used in a similar way to secure the dregtonmental technology at petrol
stations. Also in this sector, the 2005 revisibnhe CQ tax legislation was not intended
to increase the overall tax burden on petrol amekefore, the basic excise charge has been
lowered.

Switzerland

Since 2000 the Swiss government has consideredttiogluction of a new climate levy on
fossil fuels used in transport, to bolster the ¢ois measures to meet its Kyoto target
(Bernard et al., 2003). In December 2001 Swissrsatgected a proposal for a potentially
massive new energy tax aimed at supporting moall ¢ihe country’s social security costs.
This was the fourth time in little over a year tiia¢ public rejected initiatives for higher
energy taxes.

Proposed by the Green party in 1996, the initiatte& energy, not jobs” was aimed at
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introducing a new tax on all non-renewable eneigg pll larger hydroelectricity stations
(ENDS, 2001). The Swiss government and parliamgot business groups, all rejected
the proposal. They criticized the lack of a ceilomgthe likely size of the proposed energy
tax, and the fact that it would affect hydropowaihich contributes 60% of Swiss
electricity, just when the sector was about toiberélized.The government still backed
the idea of ecological tax reform, and remained rogited to considering a tax on carbon
dioxide at the beginning of 2004 if current volugtafforts are not successful. Even if
some form of energy tax was anticipated in Switzatls 1999 C@law, until 2003 there
has not been any discussion of specific measures.

With the Kyoto target unlikely to be met throughlwtary instruments alone, in 2003
ministers looked at four different tax options. Tlsvest levy was proposed by the
association representing fuel suppliers and wdsdcatentime en faveur du climat” (0.01
eurocent per litre of fuel); it could have beendus®fund the purchase of GQertificates
abroad and national climate measures. Two optionsmed this proposal with an energy
tax. The final option envisaged imposing an engagyof EUR 0.30 per litre, and it would
not require the purchase of g€ertificates.

At the end of March 2005, Switzerland’s governmapproved two fiscal instruments to
cut carbon dioxide emissions: a £€@x of EUR 23 per ton to be imposed on most fossil
fuels and a separate climate levy of up to 1.6icesd per litre to be applied to petrol and
diesel (ENDS, 2005). The measures were among tireofations floated two years before
and put out to public consultation. Revenue from @0 tax was to be recycled to the
Swiss population through an annual rebate on heasthrance bills. Companies would
also benefit in proportion to the size of their force. Firms could seek to be exempted if
they can show that they suffered competitively anely could demonstrate voluntary
measures to cut emissions. The levy on transpels firas introduced for a two-year trial
period. If it has not helped to bring down emissicufficiently by the end of 2007 it can
be extended, though possibly only to diesel. Regemnauld be independently managed
and invested in promoting biofuels, making buildingore energy efficient and financing
foreign projects to cut CO2 emissions under the t&yarotocol JI and CDM flexible
mechanisms.

These measures will be completed with a tax on @@issions from heating fuels, which
will enter into force from 2008 after the countryipper parliamentary house, the Council
of States, approved the measure at the end of Dme@006, ending the legislative
process. The variable tax rate will be pegged tbaraemissions: it will initially be set at
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EUR 7.5 per ton of C®and it will rise or fall depending on how emissi@vels move
against baselines to be set annually. The lawn®a@iat achieving a national objective to
reduce carbon emissions from fuel combustion by b&%veen 1990 and 2010.

Germany

The Dutch system of energy taxation consists of faMes: the general fuel charge, the
regulatory tax on energy, the excise tax and thategjic oil storage tax (Hoerner and
Bosquet, 2001). The first two taxes are the moghicant ones for my simulation
analysis.

The general fuel charge was introduced in 1988aaisqb an integral system for financing
environmental policy expenditures (then revenue waanaged by Ministry of
Environment). In 1992, however, the charge wasstamed into a tax and became part of
general tax revenue; as such, it fell under theiaidimation of the Ministry of Finance.
The general fuel tax is collected on all fossill§uexcept for fuels used as raw materials.
Tax rates are half based on the energy and hatfadmon contents of fuels. Under the
general fuel tax, electricity is not taxed, thoufgiels used to produce electricity are
taxable.

The regulatory tax on energy came into force orudanl1996. In contrast to the general
fuel tax, the regulatory tax on energy was intratlto alter behaviours towards greater
energy efficiency, the revenue objective havingyadcondary importance. Electricity is
taxed directly under the regulatory tax system. Tdgulatory tax on energy focuses on
small users of energy for three main reasons.,Fssin Denmark, large users are covered
by voluntary agreements signed with the authoritvelsereby they commit to adopting
energy-saving measures. Second, the Dutch govetnmanworried that a unilateral GO
tax would harm the export competitiveness of latadgch energy-intensive companies.
Third, large companies are covered by the geneellthx. Nevertheless, it is estimated
that 95% of all Dutch companies, and all individyare covered by the tax.

Tax rates for the various fuels are based on tb&yenergy content. Fuels used to power
road vehicles are not subject to the tax as theycawered by excise taxes. Special
exemptions are meant to induce energy efficienoys theat supplied via district heating
and electricity produced with natural gas or rert@e&nergy are exempted from the tax.
On 24 March 1999, the German Bundestag passed ‘ttew ‘Introducing the
Environmental Fiscal Reform,” which entails addital excise taxes on several energy
products (Kohlhaas, 2000). The first stage of th@renmental fiscal reform entered into

force in April 1999: the initial tax rates wereged in four steps until 2003. The revenue
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from the tax was used to reduce pension insuraogilsutions: the resulting reduction in
non-wage labour costs was expected to lead to gmglot growth. In addition, funding
was provided for a program to promote renewablerggnesources.The energy tax
concerned fuel oil, gasoline, diesel oil, electyicend natural gas and was differentiated
across these products. Existing taxes on oil prisdigasoline, diesel fuel, heating oil, and
natural gas) are increased and a new tax on eliggts introduced. The tax was levied on
final energy consumption and then, to avoid dotdnkation, electricity producers receive a
rebate for ecological taxes paid on energy soupgshased to produce electricity,
because electricity itself is taxed.

Energy products for heating (light fuel oil andural gas) were taxed almost one order of
magnitude less than energy for transport (gasolidiesel). In addition to this
differentiation, there was special treatment adogrdo the sector in which energy was
used. In fact, private households, the transpatbs@nd private and public services had to
pay the standard tax rate whereas for all oth@peethe tax rate on electricity and heating
fuels (oil and gas) was reduced. The governmeriaiéh considered it necessary taking
steps to ensure that the ETR does not impair Gerroapacity to compete internationally.
Some users were therefore eligible for reducedr&d®s, for example the goods and
materials sector (i.e., manufacturing industry, rgmevater, mining, and construction
sectors) as well as the agricultural, forestry &slkery sectors. Moreover, electricity for
trains was taxed at only half of the regularrate.

Special provisions were also made in order to ptemess environmentally harmful
sources of energy. In particular, electricity froemewable sources was not subject to the
ecological tax if used by the producer itself asupplied from a network or an electric line
exclusively fed by renewable sourcesny power station producing both heat and
electricity, namely a cogeneration plant, receiaddll rebate of all energy taxes.

The revenue from the first step of the ETR has besed to reduce social security
contributions. At the same time, the government inaseased transfers to the pension
program in order to compensate for the reduceduwexdérom payroll taxes, with the bulk
of the funds coming from the ecological tax (Bathale 2002).In 2004, five years after
the eco-tax program had been launched to curb patioxide emissions, diesel prices had
raised by over half and insolvencies among Gernaatalge firms have increased by 71%.
Then, Germany Red/Green government considered raatia reduction of energy tax
exemptions for energy-intensive firms as part ddirticurrent review of ecological tax

reform program. Opposition against this policy adjuhat the ecotax program may be
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unnecessary due to emissions trading. Finance teirisst decided that the tax breaks had
to be scaled back and then ruled out any additibkak in the ecotax, saying that, instead,
he was looking into extending the scope of carborisgions trading to include more
German firms.

United Kingdom

The United Kingdom’s Climate Change Programme vaasdhed in November 2000 by
the British government and its aim went beyond ititernational Kyoto commitment,
proposing a reduction by 20% from 1990 levels bg®@bApart from more conventional
measures related to energy efficiency standards;igm included a number of market
based instruments. Among them. there was a enaxgy the Climate Change Levy — and
a set of negotiated agreements with industry whetkeé levy is reduced in return for an
agreed package of measures to reduce emissionsi{H05).

The Climate Change Levy was imposed on all non-dimenergy bills, typically raising
them by 8% to 10%, with the aim of providing anentive to increase energy efficiency
and reducing carbon emissions. The Climate Changey Lhowever was offset by
corresponding reductions in employers’ Nationalhasce Contributions (NICs) having a
net zero effect on the tax burden on UK busined3eHd. of the revenue was also used to
fund a number of energy efficiency initiatives, luding The Carbon Trust. Introduced on
April 2001, under the Finance Act 2000, it was éargt to cut annual emissions by 2.5
million tons by 2010, and forms part of the UK’'sirGhte Change Programme. The levy
applied to most energy users, with the notable giaes of those in the domestic and
transport sectors. Electricity generated from reat#es sources and approved cogeneration
schemes was not taxed. Electricity from nuclear t&&ed even though it causes no direct
carbon emissions. After its introduction, the lekigs been frozen at 0.43p/kWh on
electricity, 0.15p/kWh on coal and 0.15p/kWh on.gdswever, the 2002 Finance Act
subsequently increased that rate by 1%, reverbimgdduction. In the 2006 budget it was
announced that the levy would in future rise aniyual line with inflation, starting from
April 2007.

The advent of a Labour government in 1997 reaffdrtiee commitment to act on climate
change and to use market-based instruments whestfm However, concerns that made

the design of such measures more complex were adgiest, since the previous

° When the original programme was published in 200@pnfirmed that UK emissions were already forédasbe
around 15% lower by 2010.
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government had faced difficulties in extending ea&dded tax to the household sector, the
new government did not wish to introduce measunas might have a disproportionate
effect on the poor. Then, the question is askiog kffective the Climate Change Levy
was relatively to how the alternative measure migive been. In fact, imposing a tax also
on household consumption probably would have pexvid wider price signal, directed to
all the concerned economic agents. Coverage wadtetinbecause of the exemption of
households, who should nonetheless bear some nugd# the tax, and transport which is
subject to other tax measures. Moreover, most\eeligat a “pure” carbon tax would have
been better. In contrast, the levy was perversated to the carbon content of fuels — gas
being taxed more heavily than coal in terms of carlzontent. The climate change
agreements appear to have been very successfubvdticompliance with targets, even in
the first years of operation. This could reflece ttsoft” nature of the targets, with the
system being largely “captured” by industry; certaithe levy's design reflects the
political economy considerations of governmentueegax would have come into conflict
with government goals concerning household vulrigigbcompetitiveness concerns and
the sensitivity of some sectoral interests.

Portugal

Portugal can be quoted as a good example of tlenalt positive links between emission
trading market and carbon taxatidm.October 2003, the Portuguese environment ministe
thought that the government could introduce taxascarbon dioxide and methane
emissions and use the revenue to offset the aatezpburden of buying greenhouse gas
emission credits in the future emissions market@SN2003a). Portugal was one of the
countries furthest from meeting the Kyoto commitisennder the EU burden-sharing
agreement, and applying emissions taxes to therseadt covered by the EU directive on
emissions tradingvould have collected revenue for acquiring emisstoedits in the
international Kyoto market. One form of carbon tso could have been to increase
vehicle registration fees, weighting them accordittg their polluting potential; a
restructuring of fuel taxes was also under conatilan. One year later, Portugal’'s 2005
draft budget contained no mention of a road velaal®on tax mooted the year before and
included in a national climate change plan; on toatrary, it included a new tax
exemption for bio-fuels and it maintained the sthechforestry eco-tax on transport fuels
(ENDS, 2003b).
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1.7 The market of energy products in Italy
In this paragraph the structure of energy produtiatket will be described: in fact, every

analysis of a carbon tax impacts will be not corteplgithout considering the markets of
concerned goods and the national and internatiogadls which characterize them.

World electricity demand is slightly increasing awsdnsequently, also the share of fossil
fuels employed by this sector (Table 1.5). For tteason, the energetic sources for
electricity production should became more and ndifferentiated, giving priority to more

efficient technologies and less polluting sources.

Table 1.5 - Mondial energy consumption (millionsP)E

1980 1990 1995 2000 2001 2002 2003 2004 2005

solid fuels 1,761 2,215 2,237 2,311 2,309 2,402 2,513 2,776 162,9
natural gas 1,247 1,664 1,829 2,100 2,109 2,173 2,225 2.313 62,3
oil 3,015 3,078 3,220 3,502 3,543 3,571 3,650 3,959 0%4,0
hydro-geo 161 218 253 278 273 278 281 713 318
nuclear 186 525 608 675 688 694 688 304 718
total 6,370 7,700 8147 8866 8922 9118 9357 10,065 10,319

Source ENERDATA, 2006.

In Italy, the electricity balance heavily dependseatectricity imported from neighbouring
countries (Table 1.6): examining the electricityridamarket, our country turns out to be
the second world importer (IEA, 2006).

Table 1.6 — Italian energy consumption (millionsP)E

%

1990 1995 2000 2001 2002003 2004 2005 on total 2005

solid fuels 15 126 12,8 13,7 14,2 153 171 17 8.6
natural gas 39,1 448 584 58%5 581 638 6€5 71,2 36
net importations of electricity 7,6 8,2 98 106 11,1 11,2 10 10,8 55
oil 925 957 92 91,9 92,1 90,8 83 852 431
renewable sources 8,5 104 129 14 126 128 15 135 6.8
total 162,7 171,7 1859 188,7 188,1 1939 196,6 197,7 100

Source Unione Petrolifera, 2005.

Because of the scarcity of internal energy sourtesimports of fossil fuels are very high
(Table 1.7); they represent 80% of energy souavedable, with peak values up to 90%,
well above the European and OECD countries averBige.percentages shown in Table
1.7 are computed as the ratio between imports aaithhility net of stocks, and the total is
obtained as weighted average, considering the stfadifferent energy sources in the

Italian energy mix.
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Table 1.7 — Italian energy dependence on importat{&o)

Solid fuels Natural gas oll Total
1999 86.2 73.9 94.6 82.2
2000 88.1 77.5 95.1 83.7
2001 85.3 78.2 95.5 83.6
2002 84 80.2 94 84.2
2003 82.2 81.7 93.9 84.5
2004 82.6 83.9 93.8 84.3
2005 82.1 85.8 92.9 85.1

Source:ENEA, 2005.

According to IEA (2006), Italy is among the firgk gountries with respect to the share of
oil and gas used in electricity production. In pautar, Italy is the fourth world importer
country of natural gas and the European countryth(sin the world) for which the
dependence on oil in electricity production is kinghest. Differently from other countries,
that have at their disposal higher quantities obaa and also use nuclear energy, the

Italian energetic system is highly unbalanced talsaratural gas and oil (Figure 1.3).

Figure 1.3 — Energy mix: an international compariso
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Source IEA, 2004.

Then, the problem is to find a strategy which camebitwo objectives, the security of
supply and the diversification of energy sourcagadrticular, the majority of Italian power
stations burn natural gas (60.5%), followed by éhéisat burn carbon (16.9%) and oil
products (12.9%). These percentages have congystdrénged in a few years: in 1996,
natural gas, carbon and oil represented respegt®ffh, 11% and 59% in the energy mix.
The major tendencies have then been representad imgreasing relevance of carbon and
by an inversion of oil and natural gas rule. Thi#sads have been determined by costs’

assessment, price volatility and oil's provenierfican countries with a high level of
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political instability; furthermore, natural gas higss serious environmental impacts and

the Kyoto Protocol structure encourages its utilara

Table 1.8 — The Italian demand of oil products ljomis tons)

variazione %

1990 1999 2000 2002 2003 2004 2005 2005 vs. 2005
LPG 3,3 4 3.9 3,7 3,7 3,5 3,5 0.0
leaded petrol 13 6,6 4,6
unleaded petrol 0,7 111 12,2 16,1 15,4 14,6 13,5 -7.5
total 13,7 17,7 16,8 16,1 15,4 14,6 13,5 -7.5
diesel (fuel) 16,3 17,8 18,3 21,5 22,3 24 24,4 1.7
diesel (heating) 6,9 3,8 3,6 29 2,8 2,8 2,9 3.6
diesel (other) 3 2,8 2,6 2,3 2,8 2,6 2,6 0.0
total 26,2 24,4 24,5 26,7 27,9 29,4 29,9 5.3

Source Unione Petrolifera, 2006.

As to gasoline and diesel, Table 1.8 shows theisemption trend in Italy. A decreasing
trend can be observed in gasoline demand, whileddégmand for diesel is steadily
increasing, even if its growth has slowed in recgdrs. In particular, in 2005, gasoline
demand has contracted by 7.5% with respect toOi@g! 2evel, due to the shifting process
from gasoline to diesel vehicles. Conversely, tamand for diesel as fuel has increased,
even if only by 1.7% (in 2004 the increase equalé®o). Since the demand for diesel as
heating fuel is augmented by 3.6%, probably duditoatic effects, the demand for diesel
has totally increased by 5.3% with respect to @32level.

In order to better understand market dynamics, matwollows both the supply and the
demand side will be examined relatively to the oartax’s potentially concerned markets
The trends and the main issues highlighted wilubeful in order to comment the results
obtained from the demand system estimation. Momedkie following analysis could also
help in explaining possible results of differerghimpact&among regions.

Electricity

The Legislative Decree 79/99 (Bersani Decree, aggr@n 9th May 2001), implementing
Directive 96/92/EC based on the Independent Sysdgrarator (ISO) model, stated the
separation of ownership between the national tr&ssam system management, which is
entrusted to a public entity controlled by the Miny of Finance, and the activities
involving the ownership of the grid facilities, vehi continue to be owned by operators. In
this context, three new institutions have beenbdisteed in the electricity sector, namely
Transmission System Operator (TSO), Single Buyer Miarket Operator. In particular,
the GRTN (Gestore Rete Trasmissione Nazionale) esisblished at the beginning of

2000 as a state owned company with responsibdityali activities related to transmission
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(TSO). The Authority for electricity and gas (AEEButorita per 'Energia Elettrica e |l
Gas), with the Resolution 48/04hich followed the Bersani Decree, stated the b@gm

of dispatching, namely the Power Exchange. Thetr&ddy market, according to the
Decree, should include two types of markets, egple tonsisting of several markets:
markets for energy trading between operators, wimclude the day-ahead market and the
adjustment market (the latter taking place in tvegssons), and markets for economic
selection of the resources that GRTN requirestidispatching service. In particular, in
the day-ahead market, the schedules for electrigjgction (generation) and withdrawal
(load) into and from the grid are defined for ehclur of the next day, on the basis of the
offers/bids submitted by operators. These schedubgsbe modified by operators through
offers/bids submitted into the adjustment markdte Tirst session of this market takes
place immediately after the day-ahead market anallaws operators to modify their
schedules resulting from the day-ahead market. Sdoond session takes place at the
beginning of the day to which injections and withalals refer, and it enables operators to
modify the injection or withdrawal commitments theyade in the previous markets,
according to the requirement of potential new daewelents (e.g. outage of a power plant
or of an electricity-consuming unit).

During 2006, GRTN changed its name to GSE (GedlereServizi Elettrici). The new
name further stresses the company’s public-sermigsion in the electricity sector.
Inefficiencies and difficulties of coordination keten the grid operator and the owners of
the grid had led the Government to propose thateosimp and management be merged
once again: this became operational with the aeaif TERNA in November 2005. After
the Decree of the President of the Council of Mers of 11 May 2004 stated the transfer
of its power dispatching, transmission and grided@ement assets to TERNA, GSE has
become focused on managing and promoting reneveai@egy in Italy, an activity that it
previously carried out only in part.

The prices in the electricity market are set adogrdto a simple and transparent
mechanism and, at any time, they reflect the carditof demand and supply, i.e. the
purchase and sale offers/bids submitted by opexa@onsequently, the transactions in the
electricity market are likely to take place undée tbest conditions: no customer or
producer runs the risk of purchasing or sellingcteleity at off-market prices, without
going through a costly search for the counterpaftgring the best conditions. Moreover,
the electricity market gives operators more fldkipiin making their generation and

consumption pledges. In the electricity market,stoners and producers may revise their
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commitments to withdraw or inject electricity fraand into the grid until the previous day,
without any penalty, and until a few hours aheathefreal time, in the adjustment market.
Potential congestions linked to grid constraintsoagh geographical areas could be
managed introducing zonal market articulation, fividuating up to seven market areas.
This could embed a differentiation of electric pgdn different areas, reflecting the supply
and demand peculiarities in each area.

Every operator has to notify to the AEEG the ratebe adopted the next year: the AEEG
will check their conformity to the law and decidehey are applicable. For domestic uses,
the rates are directly fixed by the AEEG, but eletty sellers can propose supplementary
options, which have to be validated by the Autlyoriduring the year, electricity sellers
must adjust their rates and prices, by increasimdiminishing them, on the basis of the
criteria provided by AEEG. These criteria take irgocount changes in the variable
production cost of electricity, namely the partpsbduction cost linked to fossil fuels’
price; clearly this cost strictly depends on thuetilations of international oil price.

On the demand side, the Italian system of energgeprrepresent an exception in the
European context. In fact, in Italy, the electrctor for residential uses, differently from
other countries, has a progressive price structufeich is aimed to promote the
containment of consumptions. Final prices for usétis low consumption are smaller than
the European average; conversely, high consumptsams pay a price higher than the

European average.
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Table 1.9 — Electricity prices for domestic usasr¢cent/kWh, July 2002)

ANNUAL CONSUMPTION 600 kWh 1200 kWh 3500 kWh 7500 KWh
GROSS NET GROSS NET GROSS NET GROSS NET
COUNTRIES OF OF OF OF OF OF OF OF
TAXES TAXES TAXES TAXES TAXES TAXES TAXES TAXES
Austria 12.7 8.5 13.2 8.9 11.6 7.7 12.9 8.7
Belgium 18.0 14.8 16.8 13.7 13.€ 11.1 13.1 10.7
Denmark 324 16.9 25.9 11.8 21.8 8.4 20.5 7.4
Finland 17.0 13.3 12.1 9.3 9.4 7.0 8.0 5.8
France 16.3 12.9 14.3 11.5 11.7 9.2 113 89
Germany 25.2 19.9 20.3 15.7 16.6 12.5 15.1 11.3
Greece 7.9 7.3 7.4 6.8 6.3 5.8 7.1 6.5
Ireland 18.6 16.5 14.7 13.0 9.9 8.8 9.4 8.3
Italy 9.6 7.4 9.9 7.7 195 14.2 19.0 13.7
Luxembourg 23.0 21.0 17.3 15.€ 13.0 115 11.9 10.5
Norway 40.8 31.7 23.8 17.9 12.€ 8.9 9.5 6.4
Netherlands 19.4 17.8 17.7 12.6 17.3 9.3 17.0 8.9
Portugal 13.3 12.5 15.1 14.3 12.9 12.2 114 10.9
United Kingdom 18.7 17.9 14.9 14.2 10.2 9.7V 9.4 8.9
Spain 13.4 11.0 13.4 11.0 10.5 8.6 9.6 7.9
Sweden 24.4 17.5 16.4 11.1 11.2 6.9 10.4 6.3
European weighted average 19.5 158 15.9 12.6 13.310.1 12.4 9.4
Italy: deviation -51.1 -53.1 -37.6 -38.5 47.4 39.8 53.7 46.4

Source:AEEG, 2003.

This trend can be checked by examining Table h&;HEuropean weighted average is
computed by weighting for each country’s consumptevel and the Italian deviation is
computed as the percentage deviation from thishtetaverage.

Residential sector represents around the 23% af &lectricity consumption and Liguria,
Lombardia, Piemonte and Valle d’Aosta are the negiavhit higher consumption
incidence in this sector; on the contrary, MoliBeiglia and Sardegna have a very low
incidence, whit a relevant deviation from the nadilbaverage. Clearly, climate plays a key
role in shaping energetic consumption: all the aegiin the North (except for Friuli
Venezia Giulia) have consumption values higher themational average.

The analysis of energy sources highlights reledédfégrences in the energy production mix
at regional level. Solid fuels represent at theomat level almost 3% of total consumption,
with Puglia, Liguria and Friuli represent relevaceptions, with respectively 24.4%,
12.6% e 9.8%: these percentages are to be asdob#urmoelectric production which
employs carbon. Examining oil products, which repré the 47% of total energetic
consumption, all the regions in the South, Tren#ito Adige and Valle d’Aosta have
values definitely higher than the national averdge use of natural gas at national level

constitutes more than 30% of the final energetissomption and all the regions in the
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North and South — except for Lazio, Liguria, TrantiAlto Adige and Valle d’Aosta —
have higher shares of this energy source in tmgrgy mix. Finally, examining electricity
consumption, regional averages are closer to thienah average, except for Sardegna,
where electricity consumption is higher becausthefabsence of natural gas, and Liguria
and Emilia Romagna, where electricity consumpt®tower due to higher utilization of
carbon and natural gas (CNEL-ENEA, 2001).

Figure 1.4 shows the trend followed by the tacdmponent of electricity prices: in the
period examined the component related to fuelsepritight blue), has not undergone a
substantial augmentation, even if oil price has ladteadily increasing trend. The
tendency of Istat price indices for electricitysisictly connected to the tariff trend shown
in the graph. The tariff diminished up to the minimvalue 10.04 eurocent/kWh in second
quarter 2004, when this tendency inverted and gaheto increase, due to the increasing
trend in international quotations of fuels. Theorefs introduced with the Bersani Decree,
in particular the Single Buyer procurement straegihave allowed to weaken the
international oil market impacts on the domestiagkeg reducing the negative effects on

the low income customers.
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Figure 1.4 — Average electricity tariff net of é&ax(burden of different components in % of
the total)
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In Figure 1.5 the performance of the price of #alelectricity is compared with the main
European countries, using the harmonized consumeg mdices collected by Eurostat.
Values in the graph are computed as percentagatioariwith respect to the previous year
price. With a change in the price of Brent oil obma than 40% in 2005, the performance
of the Italian price is in line with the averager&oean price (3.7%) and it is actually better
when compared to Germany (4.3 %) and the Unitedyam (10.6%), the two countries
in which the portion of thermoelectric productios very high, as it is in Italy. The
increases were considerably more contained onlfrance and Spain (in France, in
particular, there was no change at all): clearg/plerformance was better because a higher
portion of electricity was produced from sources$ cannected to oil (nuclear sources in
the case of France and hydroelectricity in the cds®pain). The fact that in Italy the link
with oil price has been not so strong supportsies that imposing a carbon tax on
electricity would have been feasible, given thahhibe overall relevance of its additional
price effects and the negative price effects lint@the increasing trend in oil price were
likely to be limited.
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Figure 1.5 — Electricity prices variation in somar@&pean countries
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Natural gas

The gas sector is structured in different phasescysement, transport, storage, primary
and secondary distribution. Examining national picithn, a decreasing trend can be
observed; lItaly still represents a relevant imporde natural gas: this is bought from
Algeria, Russian, Netherlands, Norway and Libya #&ntepresents more than 80% of
consumption.

The storage service has the aim of withdrawingstibeks in periods of demand peak and
allows the wholesalers to modulate their supply taw importations rigidity and high
variability of residential demand, due to seaste@perature changes.

The retail sector is heavily influenced by the cohéxercised by Eni, the largest operator
in the country. Eni continues to heavily conditithve entire gas supply chain, limiting its
evolution towards a greater degree of competitidre lack of autonomous procurement
on the international gas market forces the autkdriztail companies to get gas from the
wholesale market, which is fuelled mainly by theocaimts made available by the principal
retail operator. The Italian gas sector has hisadisi been characterized by the presence of
a large number of companies, basically operatin@ docal level, under legal monopoly
conditions for the so-called “civil” supplies (dostie and small industry-trade) hooked up
to the city networks. Liberalization and the intnotion of third parties’ right to access the
grids have changed the reference scenario sulmbanéiven if, due to the historic
inheritance of a pulverized market and the abseheecompetitive process for consumers

acquisition, a marked territorial segmentatiorl stinains, especially for the civil sector.
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In this context, the analysis of the retail perntisnd, issued on national level by the
Ministry of Productive Activities, shows a slow diee in the companies present on the
market, which did not keep their retail permits.e$& are mainly represented by small
companies, and mostly smathunicipalities, that previously managed the integpa
service (distribution and sales) directly, and gtévoperators, which sold their activities to
other sector operators. On the other hand, theysinatighlights the entry of a lot of new
companies. Of these, only a minimal portion (jusder 15%) comes from the gas
distribution sector: the largest component is inkdeenstituted by companies specialized in
oil product sales (almost 40%). The arrival of &letty operators should also be pointed
out (around 15%), as well as that of a few largeeign energy operators (20%) and
energy service supply companies (the remaining 10P® development of retail gas
market shows great differences at the regionall:lamethe North of the country, new
operators are entering the market, while in Ceritedy a concentration process prevails.
The situation is basically unchanged in the South.

To summarize, the market appears to be charadleriae the one hand, by the
predominance of the main operator in all phasethefsupply chain (particularly in the
procurement phase), and on the other, by a fragrdearid basically local offer structure.
The market structure is segmented geographicalti, eperators mainly oriented towards
consolidating their positions on the local leveldavhich in most cases belong to the same
industrial group as the distribution network operataking it even more difficult for new
operators to enter the sector. The most importpatator sets the market reference price,
also exploiting the clear-cut advantages it enjoythe upstream phase.

In order to complete the overview of the gas ratadrket, it is interesting to analyse the
average prices with whom consumers are chargedebrdown by consumption class.
Comparing end-user prices in Italy and other Euamopeountries for 1999 — the year in
which the Italian carbon tax had been introduced amarted its gradual excise
augmentation — natural gas results more expemsitaly. The average price net of taxes
is 6.7% higher than the European average (weighitddconsumption values). The natural
gas taxation is structured in a progressive wag, the price tax included is 43% higher
than the European average. Examining residentiaswoption, for small users, Italian
prices are lower when compared to other Europeantdes, even if fiscal incidence is
very high if compared to other countries, exceptAastria and Sweden. Conversely, for
higher consumption levels, the price paid is arodfé greater than in other European
countries (ENEA, 2000).
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Fuels

The fuels distribution market is highly concenttgte@mong nine operating companies
(Agip, Ip, Esso, Erg, Shell, Q8, Totalfinaelf, Apndh Tamoil), all belonging to oll
companies vertically integrated also in the uppdeases of refining and logistics. These
companies represent the 98% of the market, whiée itldependent plants satisfy the
remaining. The Italian distribution system is_thggest in Europe, with more than 22.400
plants (in France they are 13.300 and in GermanQ0Dj, despite several rationalisation
plans had tried to downsize it. Since all importedis refined in Italy, oil companies
determine the price on the market. Pump pricesanest identical for all the companies,
and this can be checked by examining oil prodyatiges collected and published by the
Ministry of Economic Development. Moreover, pricegiher than in other European
countries (in particular France and Germany) repres peculiarity of our market: oil
companies justify their high prices with the grealstribution costs, to be ascribed both to
the geographical conformation of the Italian temytand to the high fragmentation of the
distribution system. Every oil company determinesstumer price through agreements
with the associations of wholesalers, which in toegotiate the economic aspects with the
retailers associated to the company brand. Inquéati, three different price levels can be
distinguished (i) the recommended price, namely shke price suggested by the oll
company; (ii) the cession price, applied to thegetion between the oil company and
wholesalers, and obtained by applying a discountht®e recommended price (iii) the
maximum price, given by the recommended price pldgferential.

The cession price includes also the excise duty fweihe State; the right to levy the excise
duty arises when the energy products are introdutdide consumption circuit. Then, the
intermediate operators (wholesalers) are those bithwthe legal incidence falls: this
mechanism is easy and works well, because of thigeli number of operators involved
and the easiness of controls. With respect to exesation, several specific conditions can
be applied to some regions. The regions with orglistatute can introduce an additional
tax on gasoline consumption, up to 0,026 EUR/lir&til now, only Campania and Molise
have adopted this strategy. To the autonomous nmegwith special statute is often
allocated part of the revenue raised with excigattan: in the case of Sardegna, Trentino
Alto Adige and Valle d’Aosta the sum allocated dqua/10 of the revenue, while in of
Friuli-Venezia Giulia the percentage is lower. he tperiod of my simulation there were
still fiscal exemptions for Valle d’Aosta, Gorizidrieste and the province of Udine: these

exemptions have been removed starting from JarR@0y. A beneficial treatment is still
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in place in Lombardia and Piemonte for municipaditinext to the frontier with
Switzerland: two price’'s categories are establishied which the gasoline price is
discounted according to the distance from the feont

The excise rates on gasoline and diesel remairsdhee even if the oil price undergoes
relevant augmentations. The excise incidence oustni@l prices is in the range between
156.2% (diesel as fuel) and 197.9% (leaded petitmdjished in 2002). These values are
higher than the excise rates applied to fuelsridustrial use, such as heavy fuel oil and
light fuel oil, for which the incidence on industriprice respectively equals 21.6% and
72.8%.

In Italy the average consumer price (net of tax@synleaded petrol is lower than in
Portugal, Sweden, Netherlands and Austria, whilghiws a maximum differential with
France; on the other hand, in the case of diesellififerential is maximum with respect to
the United Kingdom. These differentials are maitdyascribe to the higher diffusion of
self-servicein the European supermarkets, which enables torldhve prices and is
particularly developed in France and United KingdoGonfronting Italy with other
European countries, the variability of unleadedq&t price has been higher than in Italy
for the 40% in France, 130% in Germany and 95%hm Wnited Kingdom. Relevant
values have been assumed also by the variabiligiesfel's prices, higher than 200% in
France, 100% in Germany and 85% in the United KamgdENEA, 2000).

Filling the current price differential with respetd the other European countries (in
particular France and Germany) would imply savifagsfinal consumers and would help
to make our economic system more competitive, esihecelatively to diesel. Actions
aimed at rationalizing the distribution system anpéning the sector to new companies
should be taken, and also interventions which ka&sger observation — by means of an
independent authority — distribution costs, indatprices and consumer prices, as in the
case of electricity and gas. Refining and distitutactivities should be separated, by
creating independent companies, in order to obtstier levels of transparency and
concurrence.

There are big differences in the tax rates of partsfuels between the countries in Table
1.10 and Table 1.11 The highest taxes can be found in the UK, andgtqe between
unleaded petrol and automotive diesel has not wadoin many countries. The

comparison between the tax rates of unleaded petnol diesel shows that only

1% The countries listed in Table 1.10 and 1.11 arsghexamined in Paragraph 1.6 , chosen for theametevof their
environmental and energy policies.
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Switzerland has introduced a higher tax rate fer ldtter, reflecting its environmental
impact. A decreasing trend of tax percentage inegrican be observed and this can be
ascribed to the increasing prices for unleadedpatrd for diesel observed in recent years.
Italy, in both cases, shows very low tax percergafg€ompared to other countries, and
this highlights a potential for excise augmentaioas planned with the carbon tax
introduced in 1999.

Table 1.10 - Percentage of Taxes in Unleaded Fetites

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Austria 67.7 676 606 626 641 638 615 577 557 56.7
Denmark 724 723 663 684 697 695 685 646 62.1 62.4
Finland 78 743 67.3 684 70 717 69.6 66.5 63.7 64.4
France 812 788 698 716 737 743 719 67.1 64 64.2
Germany 752 738 693 717 734 737 715 674 646 66.0
Italy 74.7 73 648 664 684 678 663 629 605 60.6
Netherlands 749 733 664 688 709 71 69.2 66 63.8 63.9
Norway 76 747 687 67.6 70 689 66.6 645 627 63.4
Portugal 729 67.7 494 462 689 681 665 628 5938 62.5
Sweden 755 731 67 676 696 70.1 681 653 634 64.3
Switzerland 70.1 69 603 621 643 633 596 552 518 522
United Kingdom 815 815 755 76.1 774 755 73.6 69.2 66.6 68.2

Table 1.11 - Percentage of Taxes in Automotive &iEsices for Non-Commercial Use

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Austria 62.6 621 539 555 56.9 565 55 50.1 499 52.1
Denmark 644 633 56.2 589 605 605 603 556 534 54.7
Finland 65.7 626 538 552 568 575 557 51 493 50.6
France 747 725 62 63.3 66 658 635 572 551 56.5
Germany 68 67.1 61 636 ©66.2 668 639 579 559 58.2
Italy 71 69.6 595 61 638 626 59.6 538 522 53.5
Netherlands 669 64.6 564 577 595 592 573 523 501 51.9
Norway 68.3 66.8 63.8 582 591 591 584 55 52.9 52.9
Portugal 63.8 627 521 513 569 56.8 55 50 49.2 52.4
Sweden 62.4 60 546 552 572 592 59 552 529 54.8
Switzerland 69.6 693 606 619 643 634 60 53.7 50.9 52.2
United Kingdom 818 809 744 743 756 741 724 66.7 64.5 66.5

1.8 Emission reduction policies in Italy
The CIPE (Comitato Interministeriale per la Progn@zione Economica, Interministerial

Committee for Economic Planning) with its 137/98liDeration provides a synthesis of
the international obligations for Italy in greenBeuwgas reduction. In order to highlight the

impact of these actions to the consumption of madpcts, it is necessary to examine oil
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demand from the economic sectors involved by thsgon reduction policies. For every
barrel of oil imported, the percentage destinethéomain sectors are represented by:

- 20% to the electric generation sector;

- 52% to the transport sector;

- 12% to non energy sectors;

- 16% to the other energy sectors.

This repartition is worth to be mentioned also hsea— by making evident the dependence
on oil — it highlights the sector on which oil pgigolatility has the stronger impacts.

With the First Deliberation, titledLinee guida per le politiche e misure nazionali di
riduzione dei gas Serra”a very important role to achieve the Kyoto redutttarget is
assigned to the actions in the electric and gawsesfficiency improvements of the pool
of thermoelectric facilities should enable to reacbre than 20% of the overall reduction
objective for 2008-2012. Renewable energies wilitabute with a reduction equal to 18%
of the overall objective, and actions related t@rgg consumption in the industrial,
residential and service sector will reduce greesbhayases emission by 26%. In general,
almost 40% of the emission reduction objective todse achieved with policies related to
electricity supply, to be implemented over 15 ye@®s the demand side, a significant
contribution can arise from programs directed tcklc consumptions management (or
demand side management). All interventions plarstezlld allow to reach at the same
time environmental goals and efficiency increasesjthout altering Italian
competitiveness.

In particular, here | will review the impact of poés implemented during the periods
covered by the First and the Second CIPE Delibmrafi23/02), titled'Revisione delle
linee guida per le politiche e misure nazionalildemissioni di gas serfand enacted the
19" December 2002. The first aspect worth to be cenmsitlis that even if the objective
fixed by the First Deliberation was representedabyemission reduction of 103.5 Mt €O
ed., the emission reduction produced by the measteéned and implemented equals
50.7 Mt CQ eq., that corresponds to around 50% of the irtiiaget.
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Figure 1.6 — The emission reduction measures ifrits¢ CIPE Deliberation (Mt CO2 eq.)
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With reference to Figure 1.6, in achieving the alleemission reduction percentage of
16.1% a key role has been played by a voluntargeagent between Enel and Ministry of
Environment, which dates back to 2000 and is aiatggromoting energy efficiency, and
by other interventions linked to renewable enef@ggarding the domestic sector (13%
emission reduction), the major contribution — eqt@l6.3% of the overall emission
reduction — has been given in 2001 by the decresepby the Ministry for Environment
and Territory for the energetic efficiency in finases (24/4/01). In 1998 the Law 10/91,
inherent to heating consumptions and energy losses, also important. Examining
transport sector, interventions to reduce greerséiogases emissions have assumed
different forms: incentives for low emission veleg] financing of public transport, bio-
fuels promotion, modal shift for goods transportheT major contribution to the
achievement of 12% emission reduction has beenigedvby the incentives for
purchasing low emission vehicles (6.8%), followedtbe financing of public transports
(3.2%). The incentives may represent a countertocki strategy, given that the Italian
rate of motorization is among the highest in Eurogéferently, investing in public
transport, in particular in order to improve theificiency, should represent the key
strategy to reduce emissions in the transport settee carbon tax constitutes the only
inter-sectoral measure and if it would have beeplemented up to 2005, it would have
been associated to a emission reduction of 12%s parcentage clearly highlights the

strong implications of its abolishment.
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In Figure 1.7 the established measures are compatiedhe CIPE objectives: examining
this graph jointly with the previous one shows tkaen the implementation of all the
defined measures would not have been enough fadhievement of the CIPE objectives.
In particular, the contribution achieved by the sweas in the category “other”, where the

carbon tax would have impacted, is very small ihpared with the CIPE target.

Figure 1.7 — CIPE objective and established enmmssaduction measures (Mt CO2 eq.)

120

103.5
100 ~+

80 +

@ CIPE objective

60 1 0.7 m established

measures

M CCR eq.

40 +

5
: ; :

g

domestic/industrial
sector

Source:ISSI, 2004.

The CIPE, with the 123/02 Deliberation, has revitdes guidelines for national emission
reduction policies (developed in 137/98 Delibenatiand has approved the “National Plan
for greenhouse gases reduction: 2003-2010", acugrth the Law 120/02. This law,
passed in ratification of the Kyoto Protocol, idées the following guidelines on policies
and measures:

« to increase energy efficiency of the nationalrernic system and to foster the use of
renewable sources of energy;

 to increase carbon dioxide removals deriving frand use, to change land-use and
forestry, as established under the article 3 okiyxato Protocol;

* full implementation of the Joint ImplementationdaClean Development Mechanisms
established under the Kyoto Protocol, with the aimmeaching the best possible result in
terms of generation of emission credits at the kiwecremental cost;

» promotion of innovative technological solutiorsjch as: research and development
aiming at introducing hydrogen as a main fuel irergy systems and in the transport
sector; biomass-based combined heat and powerspdamat solar thermal power plants;

wind and photovoltaic power plants and waste andds-based power plants.
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The objective, established by Law 120/02, is taioedgreenhouse-gas emissions by 6.5%
compared with 1990 levels; therefore, the emissaameunt assigned to Italy for the period
2008-2012 can not exceed a threshold value, cadolibs the average yearly emissions for
the period under examination. The Second CIPE e&liion identifies a national emission
reduction commitment equal to 487.1 Mt £€. and introduces a trend scenario referring
to which the distance from the Kyoto objective amputed (CQ@ emissions under the
trend scenario amount to 579.7 Mt £€3., so that the emission reduction needed inrorde
to reach the Kyoto objective equals 92.6 Mt C£€2)). The deliberation also defines a
reference scenario and a list of established apdoapd policy measures, even if not yet
implemented (to be implemented in the period 200862, thanks to which an emission
reduction equal to 51.8 Mt Gq. will be reached (Table 1.12). Among these oress
around 77% (39.8 Mt C£eq.) concerns national reduction policies, whetlkeagemaining
percentage (12 Mt C{eq.) is covered by flexible mechanisms: this is@ordance with
articles 6 and 12 of the Kyoto Protocol, which et#tat flexible mechanisms must be
additional with respect to national policies. Amamgional measures, 6.5 Mt @@qg. are

related to renewable energy production and 6.3 Gl €. to energy saving.

Table 1.12 — Established and approved measurkslettin the “reference” scenario

Reduction

(Mt CO,eqglyear)
Electric industry: 26
Combined cycle expansion for 3200 MW 8.9
Import expansion capacity for 2300 MW 10.6
Further growth of renewable sources for 2800 MW 6.5
Civil: 6.3
Decrees on the efficiency of end uses 6.3
Transportation: 7.5
Buses and private vehicles running on fuels with ¢arbon density(LPG, 15
methane) '
- Optimisation and collectivisation systems forpte transportation
- Tax reformulation 2.1
- Activation of computer-telematic systems
Development of national infrastructures and inagndition of combined road 39
transport and coasting navigation '
Total national measures 39.8
Carbon credits from Jl and CD mechanisms 12
TOTAL MEASURES 51.8

Source Second CIPE Deliberation.
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Summing up, the emission reduction to be achiemeatder to reach an emissions level in
line with the national Kyoto commitment is 40.8 @02 eq. (obtained as difference
between the distance from the this commitment &eddtal reduction in Table 1.12). To

fill this gap a set of options for additional acts is presented (Table 1.13).

Table 1.13 — Options for additional reduction meas

Potential reduction

(Mt CO, eq. lyear)

Min Max
A) OPTIONS FOR THE ADOPTION OF ADDITIONAL
NATIONAL REDUCTION MEASURES
Use of energy sources
Industrial sector 5.1 8.1
Renewable sources 1.8 3.4
Residential and tertiary sector 3.8 6.5
Agricultural sector 0.28 0.34
Transport sector:
- technological measures 9.1 121
- infra-structural measures 3.4 4.9
- research and development 0.8 2.1
From other sources:
- industrial sector 6.2
- agricultural sector 0.6 1.3
- waste 1.4
B) OPTIONS FOR THE USE OF THE JI AND CDM
MECHANISMS
Carbon removal 5 10
Projects in the energy sector 15.5 38

Source Second CIPE Deliberation.

The potential of emission reduction associatedhése additional measures corresponds to
values between 32.5 and 46.4 Mt £€2]., considering the measures in section A), and t
values between 20.5 and 48.0 Mt £€x., relatively to the additional carbon credits
attainable through industrial projects and through Joint Implementaion and Clean
Development mechanisms, as specified in sectiotnB)articular, with regard to transport
sector, some examples are represented by: (i) ¢bmiinal measures, such as the
replacement of circulating vehicles with low-congiimn and low-emission vehicles (120
g COJ/Km) (ii) infra-structural measures, for exampleen by the reorganization of
urban traffic, the adoption of urban mobility plarike promotion of regional railway
networks and connections with exchange park arédsré€search and development,
oriented to pilot projects for the utilization ofydrogen-propelled and cell-combustion
systems forenergy production, railcars and car engines. Thear€l Development
Mechanism and Joint Implementation are insteachadtmed at increasing the production
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of energy from renewable sources and improvingetfieiency of electricity generation
and industrial activities.

To summarize, the idea was to adopt a mix of dfiepolicy measures and the carbon tax
played an important role in this approach. It igeiasting to notice that the First CIPE
Deliberation had identified a distance from the tyobjective equal to 103.5 Mt G@q.,
whereas with the Second CIPE Deliberation the destdalls to 92.6 Mt Coeq.

1.8.1 The ltalian carbon tax

The Italian government unveiled at the end of Saptr 1998 its proposals to raise every
year fuel excise for the next five years. More @mely, taxation on the consumption of
energy products and related compensation measwes been introduced with the
approval of the Budget Law for 1999 (L. 23.12.199848, art. 8). The measures was very
significant since Italy was the second largest peam economy, after Germany, to
introduce an environmentally-motivated, energy-daS&R. In addition, Italy represented
the first country in southern Europe to introdud®,Gaxation, a subject already on the
agenda of several northern states and also ofuhgpEan Commission. The new green tax
was based on two main components: a reduction ine@@ssions through a re-modulation
of excise taxe®n mineral oils, and the introduction of a consumpttax on coal and
natural bitumen used in the combustion plants.

The package affected a range of different fueksdéel and unleaded petrol, diesel oil (used
for both heating and for transports), natural gaseq for both heating and transports),
heavy fuel oils and liquefied petroleum gas (LPGExcise taxes had to be raised every
year from 1999 to meet a target level in 2005. Jinecture of excise rates was modified in
such a way such that each energy product was ahamjh a specific tax rate that
reflected its carbon content. This aimed at sahgfpoth the need to tax each fossil fuel
according to its specific COemissions and the European requirements on the
harmonization process of excise rates on energyuste (COM/97/30). Indicating witkx

the excise tax on produGtthe energy excise rates were structured as fellow

a; =kB, + A (1.1)
wherek is the ratio between the Italian excise tax on pobd before the introduction of
the new tax and the minimum excise rate level pgeddy European Union (COM/97/30),
pmis the minimum excise level proposed by the aboeatianed directive andy is the
environmental component of the tax, proportionalh® kgs of C@emitted by the fossil

1 On this basis | have identified the aggregated gadtich constitute my demand system.
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fuel i under consideration. This term was equal to 10 [HER 0.005) per kg of CO
released in the combustion of 1 kg of fuel up @bZkg of CQ. For emissions levels in the
range 2.75 to 4 kg of C{per kg of fuel a linear increase of 400 Lire (EURQ) for each
additional kg of emissions was decided. This pracedas allowed to set out the excise
rates for mineral oils to be applied starting frdemuary 42005, used as reference level.
The annual tax increases was related to the diféerdetween current and target levels,
but every year the increase can not be greater3@#mnof this difference. Considering the
joint effect of price changes and taxation, if ffetrol price rise was assumed to achieve
20% of the targeted increase, then the governmemild achieve around a 10% total
increase in unleaded petrol taxation over the ywar period. Meanwhile, taxes on liquid
petroleum gas (LPG), an alternative, low-pollutimgnsport fuel, will fall. The excise
burden in 2005 would reflect the carbon conteneath fuel: examining fuels used in
power generation, the excise is higher for coah tfea oil products and natural gas. The
tax on heating fuel was lower for industrial uséran for households. The natural gas tax
for households is lower in some areas of southaiy, to promote economic development.
Dealing only with products directly consumed by $eholds, Table 1.14 gives an
indication about the scale of the carbon tax effesihowing excise rates in 1999 and 2005
along with their percentage variation.

Table 1.14 — Excise burden changes due to thartakrbon tax

Product Unit of Excise burden % excise
measurement 1999 2005  variation
Unleaded petrol Euro/1000 | 570.66 594.05 4
Diesel (fuel) Euro/1000 | 403.21 467.84 16
LPG (fuel) Euro/1000 kg 284.77 206.58  -27
Natural gas (fuel) Euro/1000 mc 10.85 51.65 376
Diesel (heating fuel) Euro/1000 | 403.21 467.84 16
LPG (heating fuel) Euro/1000 kg 189.94 206.58 8
Heavy fuel oil (heating fuel) Euro/1000 kg 64.24 820 240
Natural gas (heating fuel) Euro/1000 mc 173.01 2480. 4

Source: DPCM 15/1/1999.

Excise rates augmentation were moderate in alnbsbhses except for natural gas and
heavy fuel oil. The excise rate of LPG diminishedpared with 1999. The environmental
tax introduced with Law 448/98 added an additidisalal levy on energy products on the
basis of their carbon content (in terms of emissimmoduced): for this reason, this measure

should be defined as a “carbon-energy excise taxicreased the price of all the energy
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products and indirectly raised the electricity priccording to the energy source used in
its generation.

Fuel producers had to pay the increase in excisgebuvhereas consumers felt the knock-
on effects of higher prices. The budget specified tesponsible organizations will have to
make tax payments quarterly, and it also fixedsio€up to four times the due amount if
the tax is not paid on time. There is a significdifterence between pure carbon-energy
taxes and excise taxes (Barker and Kohler, 1998pan taxes are included in the basic
prices of the energy industries whereas excisestaxe to be paid further down the
productivity chain. The first step of the Italianafbon tax” introduction was represented
by a tax reduction for industries — ignoring retitb@n on prices — because of the reduction
of social contributions; the higher excise ratdsaéd transport and heating fuels and, for
the most part, households.

According to the government, revenue from the talxndbt simply gone into the treasury,
but it was to be earmarked to support employmentthi@ South of Italy, reduce
employment charges and fund environmental improvesnan sectors such as transport
and heating. In particular, under the plan 60.5%hefrevenue raised in the tax’s first year
were to be spent on reducing compulsory contrilmgtion labour. Specifically, this
revenue would have financed welfare contributiorcsiired by employers hiring new staff
in Italy’s poorer South and half the pension cdmttions of young businessmen who
change jobs. The Italian tax reform representedetbee a targeted version of ETR: it
targeted the unemployed workforce in the pooreioreg Revenue from the tax would also
be recycled to improve transport of remote moungaeas to offset increases in diesel and
heating oil prices.

The environmental fiscal reform has been the subfgc heated debate since its
introduction. The dispute became politically expleswhen the price of mineral oil
products increased dramatically due to the highldvorarket prices for crude oil and the
devaluation of the Euro. The sense and the econ@n& social feasibility of the
environmental fiscal reform were called into quastiOpponents called for the tax to be
postponed or even abolished, because they feagadive effects on economic growth and
believed that the reform could be socially unjust.

In January 1999 Italian fossil fuel prices jumpeithwthe carbon tax entry into force. The
taxation was in line with CIPEesolution (19.11.1998) objective to reduce2@issions,

in order to comply with the obligations of the Kgd®rotocol. It is worth mentioning that,

unusually for a southern European country, Italysvedso introducing an ecological
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component as part of the tax reform. Ten monthar dfte implementation of the Italian
carbon tax, the International Energy Agency (IEA99), surveying lItalian energy
policies, recommended that the government set g-tenm objective of clarifying and
improving the fuel tax structure. The IEA partialjacriticized Italian new tax on CO
emissions, which could have been used to redutertiiiss but which in practice had kept
most of the existing tax structure and maintainistbdions in inter-fuel competition. The
Italian energy tax attempted to incorporate veffedent goals, fiscal, social and regional
as well as environmental ones. One result wastéixadifferentials between coal and other
fuels were much larger than the differentials iaitttarbon content, while energy taxation
should be more focused on the internalisation ¢éreal costs. The IEA also stressed that
Italy had to improve energy efficiency of househeldctric appliances: it suggested that
the government incorporate EU directives on endaggling for washing machines, light
sources and other appliances and take more preasteps within the EU to set new
energy efficiency standards. Carbon taxation intcedl in 1999 did not take into
consideration the issue linked to electricity canption and for this reason | will not only
simulate the distributional impact of proposal téo@ but | will also simulate a scenario
where electricity consumption is charged.

At the beginning of November 1999, Italian retadtnol and diesel prices fell by an
average of 30 Lire (EUR 0.015) per litre followiaggovernment decree aimed at curbing
inflation (ENDS, 2000). Italian fuel prices hadeisby a similar amount at the beginning
of the year when a carbon tax had been introduféet;ting all fossil fuels. The reduction
was only intended to remain in force until the enthe year or beginning of the year after
because preliminary figures showed that the Itadlaort-term inflation rate was in danger
of breaching the upper limit allowed under the Madlst stability pact. The government
estimated that lower prices for transport and hegafuels will cut the overall rate of
inflation by 0.02%. In this situation, the decrepnesented a necessary intervention, but
the tax cut should only be tolerated as a tempamgsur&. The carbon tax introduced
by the Italian government in January had had a il effect on petrol price rises:
unleaded fuel prices had risen by 240 Lire (EURDgder litre since the beginning of the
year, whereas the carbon tax had added only 3pdirditre (EUR 0.016). Since the green
reform was essential to Italy to achieve its Kyptotocol commitment to cut greenhouse

12 Similar policy measures aiming to curb inflationt lthich are likely to have negative environmentf¢as, were
adopted in the same period in Spain which cut thesigdy programme for renewable energy sources addced
motorway taxes.
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emissions by 6.5%, reducing the scope of the tarmsd counterproductive. In any case,
this did not rule out that caution might be neentethe way carbon taxation was applied to
avoid causing inflationary pressures. In April 20€e Italian environment minister Edo
Ronchi said that the carbon tax would be re-appifredlune to gradually counteract
expected growth in petrol consumption, following ttecent decision of the Organization
of Petroleum Exporting Countries (OPEC) to increesele oil production. Carbon tax
rates for 2000 were likely to be higher than thesan force for 11 months in 1999. The
differential between leaded and unleaded petrol desgned to close a current gap in
favor of unleaded by the time that leaded fuel widag outlawed in Italy in 2002. Autumn
2000 was characterized by two important eventst,Rine Italian government proposed an
amendment to its 2001 budget, allocating 1.5% wemae garnered annually from the
carbon tax to promote wider use of renewable engsogyces, in order to ensure permanent
public investment in this field. Second, Italy’s @bof Accounts approved the allocation
of the revenue from the carbon tax. According tov148/98 (art. 8), part of the revenue
deriving from the introduction of carbon tax hadk® used to finance project linked to
emission reduction, energy efficiency and renewainlergy development. The Technical
Appendix of DPCM 15/1/1999 made some projectiondliie raised revenue in 1999 and
the following two years, hypothesizing that constiorpremains constant (Table 1.15)

Table 1.15 — Revenue raised from carbon taxatidtain (millions/Euro)

1999 2000 2001
Revenue raised: 1,125.9 1,172.9 1,172.9
. transport fuels 723 753.2 753.2
. heating fuels 232.4 242.1 242.1
.industrial uses 134.3 139.9 139.9
. electricity generation 41.3 43 43

Source: DPCM 15/1/1999.

In 1999 the revenue share to be used for ecologicgécts financing amounted to EUR
155 million. The conference State-Regions had toosh the utilization criteria which
should be aimed at promoting investments projesto@ated with the Kyoto flexible
mechanisms. In particular, the Ministerial Decre@0R05/21 has established the

distribution of financing to the regional “CarboraX’ programs: the Appendix | of the

3 In the values related to transport fuels and hgatiiscal exemptions, which respectively amountl& and 136
millions of Euro, are not included. According to vinonmental Accounts published by ISTAT (Italian théaal

Statistical Institute) the overall revenue raisgdeRcise taxation on oil products has amountedU®& 24,657 million in
1999.

66



decree lists the subdivision by regions of therfmiag for the ecological projects (Table
1.16)4

Table 1.16 — Financial transfers made available 1899 from carbon taxation

(millions/Euro)

Region Financial transfer from carbon taxation
Val d'Aosta 2.281
Piemonte 12.269
Lombardia 24.721
Autonomous Province of Trento 3.071
Autonomous Province of Bolzano 2.903
Veneto 12.777
Friuli Venezia Giulia 4.829
Liguria 5.706
Emilia Romagna 12.960
Toscana 9.450
Umbria 3.762
Marche 4.602
Lazio 10.530
Abruzzo 4.072
Molise 2.212
Campania 7.529
Puglia 9.851
Basilicata 2.639
Calabria 3.824
Sicilia 9.555
Sardegna 5.458
Total 155.000

Source:Ministerial Decree 2001/05/21.

In 2001, Italy decided to reform its carbon takich was previoushlinked to specific
energy sources. The new environment minister, dlMatteoli, wanted it to be applied to
all carbon dioxide emissions irrespective of theirse. Meanwhile, the government
imposed a freeze on the 2002 tax rate at the saweéds 2001, aimed at slowing down the
rise in energy prices. In Spring 2002, a commitbéeltalian MPs recommended the
abolition of the controversial carbon tax, arguthgt the government should replace the
ineffective measure with an adequate and raticapblicy (ENDS, 2002). After stating
that ltaly’'s “weak” energy sector hindered the doyis economic performance, the
committee suggested that market liberalization khba accelerated, power infrastructures

upgraded and transmission networks improved.

14 Carbon tax revenue should have funded emission tiedsctransport projects, renewable energy sodeselopment
and energy-saving; in actual fact, in February 208H/'s Court of Auditors had accused the governirarfailing to
spend as required on energy efficiency and enviesriah protection measures EUR 155 million raisei989 from the
carbon tax (Corte dei Conti, 2004).
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In September, the government proposals to put’stadgrbon tax on ice and to offer
conditional support to renewable energy sourceaseatiin the lower house of Parliament.
Introduced in 1999, Italy’s carbon tax should haubjected to in-built annual increases
but it was dropped shortly after, thus proving feefive. The new legislative proposals put
it on ice and offered support through incentiveshi energy sources (with similar levels
of emissions) that are more widely available arat tluarantee security of supplyThis
was a sensitive issue, because lItaly relied vegvilyeon imports of natural gas and
electricity for its energy needs. Under the draft,| the quota of electricity generated from
renewable sources would increase by 0.35 percem@igés annually, between 2005 and
2012. The lItalian strategy to cut national greesieogas emissions by 6.5% on 1990 levels
by 2008-12 relied on the Kyoto protocol flexible echanisms to deliver half of the
required emissions cuts. This new approach clgdegsed Italian industry groups, which
had urged the government to minimize command amdr@lomeasures to meet Kyoto
targets. Italy was the second EU country to bedoro rely on the flexible mechanisms
for half of required emission cuts, following areexple set by the Netherlands. Compared
to an intervention on prices, which falls almosimgdetely over consumers, the new
approach represented a serious strategy s@iarly the draft law needed some
investments to be operational. They were suppose@duire no additional taxation or
budgetary provisions, but simply to redirect tovgatdese measures excise taxes on fuel
and a higher share of the carbon tax. Maybe togdaomething — not until the point of
abolishing it — in the Italian carbon tax was neeeg, also because Italy’s inability to
achieve targets set in previous £#mission reduction programs was attacked by thetCo
of Auditors, the country’s principal monitoring aority.

Forecasts in Second CIPE Deliberation have showirthie carbon tax would have brought
about an emission reduction of 12 Mt £€g. in 2005 when the excise objective level
would have been reached. This amount represeniacithird of the Kyoto commitment
for Italy. In the transport sector, the emissioduaion would have been limited (less than
1 Mt CQ, eq.) because price increases would have not behwgiy The carbon tax would
have produced the most relevant effects in thentbelectric (-6 Mt CQ eq.) and
industrial sectors (-3 Mt COeq.), due to the increased use of natural gasthad
improvements in energy efficiency. With regard ke tdrivers of emission reduction,

according to the simulations, around two third vdohlve been linked to the adoption of

15 This argument was used to promote coal utilizatiorelectricity production.
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more efficient technologies and the utilizationfuéls with lower carbon content, whereas
less than one third would have been due to theggngroducts elasticities. This result
highlights a low energy demand elasticity — maybe tb the increased wealth level of
consumers — and a technology market more dynantie. 8stimation of a complete
demand system, and the computation of price eitstic will provide additional
information on these issues and confirm or conttattiese forecasts.

The environmental aim of the carbon tax requires ginadual excise increases to be
coherent with the motivations which have led to ifitroduction, independently from
changes in international and national economicdseffior instance, oil prices and their
potential effects on the inflation rate). This slidbbave been guaranteed even considering
that the carbon tax had a marginal impact on treradlvexcise on energy products but it
was likely to be environmentally effective, contriing to the achievement of Kyoto
targets. The Italian carbon tax was in fact simitathe one introduced in Netherlands in
1996, because of its limited incidence on pricdse United Kingdom, instead, even not
having formerly introduced environmental taxes, imeseased by 6% per year the excise

duties on fuels starting from 1997, a rate welhabtine Italian annual excise increase.
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Chapter 2

2.1 Taxation and public goods
In this paragraph | intend to briefly review thekibetween taxation and public good

provision; in our case, carbon dioxide reductiopresents the concerned public good. |
follow here Musgrave-Musgrave (1994) and Samue{$664) definitions of public goods.
They define public goods by identifying two specitechnical characters of the good, that
is excludability from consumption and rivalry inrsumption. A pure public good is then
defined by non-excludability and non-rivalry. Exaste of pure public goods can result in
a misallocation of scarce resources and requirbBcpmtervention to ensure their socially
optimal amount to be provided. Distributional issdleen do not arise with respect to the
level of provisionper se but only as far as the financial costs of itsvsin differ across
socioeconomic groups. In reality, there are very fpure public goods in the
environmental field because most environmental goark partly or fully rival. The
imperfect public good nature of environmental dyathakes the distributional effects of
environmental regulation even more important.

The sub-paragraph 2.1.1 will address the developmiethe optimal taxation literature,
while the sub-paragraph 2.1.2 will examine the nmaigcost of fund measures, which can
be used for the assessment of environmental taxrmef or for projects’ sensitivity
analysis.

2.1.1 The optimal taxation literature

According to the benefit principle of taxation, ¢ésxallocation should be set as prices
designed to correspond to the marginal utility dedli from the provision of public goods.
In other words, the benefit principle of taxatioraws an analogy between the pricing
process of private goods in a market economy ardatlocation of taxes according to
individual preferences. Analysing benefit taxatiargommon feature is represented by the
interest in whether such taxation, once properfingd, would be progressive, regressive,
or proportional. Moreover, considering the prognggsof a benefit tax in isolation from
the distributive incidence of the public goods inahces is misleading: in particular,
Kaplow (2006) has developed a measurement appribethallows to address how the
distributive incidence of a public good affect® thxtent to which the good should be
provided. Then, a particular formulation of a bén&ix can be identified, named the

benefit-absorbing tax, reflecting a particular ootiof the distributive incidence of public
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goods®. A benefit-absorbing tax represents a tax adjustrifet, for each level of income,
fully absorbs the benefits of the public good, legweach individual indifferent between
not having the good and having it while being sabje the foregoing tax adjustment.
Thus, the incidence of the benefit-absorbing tajusichent will be progressive (or
otherwise) precisely to the extent that the incogenf the public good being financed is
progressive (or otherwise).

Before asking who bears direct and indirect coétsxation and enjoy its benefits, some
issue regarding taxation allocation and its critesihould be taken into account. Optimal
taxation is intended to be a guide to policy-makaryl its basic idea is answering to
guestions as what should be optimised and whichstaints should be considered.
Economists have frequently tried to describe dbkraharacteristics of tax systems. Smith
(1776) listed “four maxims with regard to taxesgeneral’: tax payments should be in
proportion to income (equality); tax liabilities@ild be clear and certain (certainty); taxes
should be collected at a time and in a manner coaue for taxpayers (convenience of
payment); taxes should not be expensive to colkd, should not discourage business
(economy in collection). In particular, the secant third points have not been widely
discussed in economics literature, perhaps becthusg are self-evidently desirable.
Differently, the first and the last maxims have @bgd the main interest. The idea of
equality has been widely discussed — there are rddfgying views on what constitutes a
fair distribution of tax burden — and it is stillraajor part of any tax policy proposal
evaluation. Many authors have handled the issledirio administrative costs and effects
on incentives (the discouragement of business).afl@x proposals have therefore
frequently been analysed in terms of three critet)ahe need for taxes to be fair; 2) the
need to minimize administrative costs; 3) the neetinimize disincentive effects.

The difficulty with having three separate criteisathat a particular policy proposal will
typically satisfy one criterion but not another. eTlapproach of the optimal taxation
literature is represented by using economic araligicombine these criteria into one,
implicitly deriving the relative weights that shdube applied to each criterion. This is
done by using the concepts of individual (or hoatdhutility and social welfare.

Social welfare is considered an indicator of thél-Aweing of society and it is assumed to
depend on the utility of individuals: it is not ity given by the sum of individual utilities,

but it also depends on how equally these utilikes distributed. Assumed that social

% The benefit-absorbing tax is related (but not egleint) to the idea of Lindahl pricing, and it difenore substantially
from some other formulations of benefit taxation.

71



welfare decreases as inequality of utility incresagbe concept of social welfare reflects
the idea of fairness in the tax system. Social avelfreflects criterion 2), in fact high
administrative costs require a greater amount ofgtax revenue to finance government
services and this reduces utility. Criterion 3also incorporated, since the discouragement
of work would lower individual utility and hence @al welfare. In this way, the three
criteria are converted to aspects of social weléan@ they become commensurable, and the
policy that should be chosen is the one that dilveshighest level of social welfare. Since
it is quite difficult to model the relationship keten tax rates and administrative costs,
attention has been typically devoted on finding systems that will provide the best
compromise between equality and efficiency (critet) and 3)). These same basic ideas
have also been applied to the study of tax refomigre the aim is to identify whether
specific tax changes will raise social welfare. fEhis clearly a close connection between
the analysis of optimal taxation and tax reforms:optimal tax system is one in which
there are no possible reforms that will increastame (Ahmad and Stern, 1984).

Several arguments justify looking at utility furats rather than measuring people welfare
by their real after-tax incomes. In particular, whaxes are levied on consumption goods,
relative prices will change and consumers will tegp by changing their consumption
patterns. This should result in a change in weigistesd in the price index that converts
nominal to real income. It is not possible to epstimat weights change properly without
any knowledge of consumer preferences as represbwyta utility function. It is then more
convenient to use the utility function directly. leffect of a tax change can be divided
into an income effect and a substitution effecdt ms in the standard economic analysis of
price changes. The income effect of a tax increasepresented by a reduction in after-tax
income and an increase in the individual's labouppdy, trying to compensate the
reduction in consumption. The substitution effeongists in a reduction of marginal
return, thus leads to a reduction in labour supplyen, the effect of an income tax
increase on labour supply could be in either divactdepending on which effect is
stronger. However, in revenue-neutral tax changesaterage taxpayer does not have an
income effect, and only the substitution effectrapes. The dominance of the substitution
effect that results from revenue neutrality leams general emphasis on the compensated
elasticities of supply and demand in the evaluatibthe distortionary effects of taxation
(Heady, 1993).

The literature on optimal commodity taxation is ntaiconcerned with the design of final

sales taxes, such as value added tax and the ¢axes®eon alcohol, tobacco and petrol; it
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also deals with the taxation of intermediate goadd international trade, and it can be
used to analyse the taxation of savings. The &rslysis of optimal sales taxes was
undertaken by Ramsey (1927) and he considerablyirats the literature on optimal
income taxation, even focusing on a rather diffecgrestion: designing sales taxes to raise
a given amount of revenue at the least possiblertisnary cost. Ramsey showed that,
when only a very small amount of revenue had teaised, the taxes should produce equal
proportional reductions in the consumption of egobd. He then argued that this result
continued to hold, even for substantial revenueuirements, if there were no income
effects and if the demand curves for the goods Weear, conditions unlikely to hold in
practice. A direct indication of which goods shobkl most heavily taxed can be obtained
by making an additional simplifying assumption: tteamand for each good is independent
from the prices of other goods. He stated thatifonm ad valoremtax on all forms of
consumption and on leisure would work like a nostaltionary lump sum tax on the value
of the consumer’s exogenous time endowment. Siogergments cannot observe and tax
the consumption of leisure, any real-world tax egstwill tend to cause distortionary
substitution towards leisure. Ramsey derived tiverse elasticity rule: goods with more
price-inelastic demands should be taxed more heant in this way the optimal tax
system distorts quantities as little as possiblecodding to this rule, the optimal
commodity tax system causes an equi-proportionattuation of the compensated
demands for all goods and services. This rule needsiderable revision when income
inequality is taken into consideration. Howeve tle has had wide influence and its
logic is probably partly responsible for the higixdtion of alcohol, tobacco and petrol all
over the world. Corlett and Hague (1953) adoptéliffarent perspective: they looked at a
situation where there are two consumption goodsdaat the same rate and they asked
whether efficiency could be improved by introducs@me non-uniformity (raising the tax
on one good and lowering the tax on the other)y®i®wed that the commodity which is
less substitutable for leisure should carry a nethit high tax burden in order to offset the
tendency of the tax system to induce substitutbevatds leisure. Then, uniform taxation is
optimal only in the special case where goods amdices not differ in their degree of
complementarity or substitutability with leisuretkfson and Stiglitz (1976) showed that
it is not optimal to differentiate taxes across cowdities if the government can use a non-
linear labour income tax. The intuition behind thisportant result is clear: when all
commodities are equally substitutable for leisdinere is no second-best efficiency case

for distorting the choice between them in ordeoftiset the labour-leisure distortion. In
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this sense, there is no equity case for imposiffgrdntiated taxes, since a labour income
tax would be the better-targeted instrument fonsteution under the hypothesis that
innate differences in labour productivity are timycsource of inequality.

The next major step in the development of the theboptimal commodity taxation came
with the analysis of an economy with inequality Diamond and Mirrlees (1971). They
showed that the introduction of distributional ddesations alters the equal proportional
reductions rule substantially. The most significattieration is that goods which are
consumed particularly heavily by the poor shouldperience a lower-than-average
proportional reduction. In the case of independkmands, Diamond and Mirrlees results
show that the optimal tax rate on a good shouledép not only on the inverse of its price
elasticity of demand, but also on its income etésti The significance of this modification
can be appreciated when one notes that many goikddomw price elasticities also have
low income elasticities, for example in the caseetessity goods. The major results on
whether differential sales taxes are desirablenie@nomy where households differ only
in their incomes and not in their underlying preferes are shown in Atkinson and Stiglitz
(1980). An important aspect of their analysis is tble of the uniform payment to all
households (or the income tax exemption levelnllifgoods are normal, in the sense of
being consumed in larger quantities by people Wwigher incomes, the poor will always
benefit more by an increase in the uniform payntleauh by an equivalent reduction of the
sales tax. With regard to the question of wheth#eréntial sales taxes will reduce the
disincentive effect on labour supply of an incore, the answer depends on differences in
the degree of complementarity between individualdgoand leisure. An obvious difficulty
that arises in attempting to apply the Atkinson &tdlitz results is that their model
ignores differences in preferences that might afigen differences in households
demographic characteristics. Deaton and Stern (1@8&lop the idea according to which
the direct payments to households are more efticrenrder to accomplish redistribution
among different groups if compared to the interi@# on sales tax rates, which remain
the best solution to deal with problems of efficgnThey show that uniform taxation is
still desirable if preferences are weakly separaiple if households in each demographic
group receive an optimally chosen payment, whiclungorm within each group but
differs between groups.

Sorensen (2007) focuses on the implications ofnugdtiax theory for the controversy on
whether taxes should be uniform or whether — ewetiné absence of externalities — they

should systematically discriminate between differeconomic activities. In the Ramsey
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framework, examining whether indirect taxes sholéd differentiated is equivalent to
asking whether the labour income tax should be Isopgnted by selective commodity
taxes. When production or consumption of commasglitienplies externalities,
differentiated Pigouvian taxes or subsidies areelyidmposed; on the other hand, in
absence of externalities there is much less agmerigen if strong administrative and
political economy arguments still favour unifornxaéion, recent advances in optimal tax
theory suggest that the information needed to implg differentiated taxation may be
easier to obtain than previously believed. Sinceeguments find it difficult to collect the
information and have not the administrative capai@timplement differentiated taxes on
specific goods and services, they ultimately pref@gform commodity taxation. Sorensen
argues that once one accounts explicitly for thexistence of household and market
production, it becomes easier to identify the dpecommodities that are candidates for
special treatment under an optimal indirect taxesys

The classical analyses by Ramsey (1927) and CarletHague (1953), together with their
modern generalizations, seem to provide suppomdoruniform commodity taxation. At
the same time, they identify obvious practical ablgs to the implementation of an
optimal commodity tax system: very little is knowabout the size and the sign of the
compensated cross-price elasticities between esod the various goods and services, so
the empirical basis for differentiating indirectxés is very weak. Moreover, policy
advisers typically stress three other points. Tils dne is that uniform taxation is much
easier to administer and much less susceptibleatalf second a commodity tax system
differentiated according to Ramsey principles wowdduire frequent changes in tax rates
in response to changes in tastes and technolagléfg risk and uncertainty into the tax
system and hampering long-term planning and invesstnA third point is that acceptance
of differentiated taxation might constitute an inttee for interest groups to lobby for low
tax rates.

Then, there appears to be a strong case for untjprmindirect taxation, except for areas
with an obvious need for internalisation of extdities. However, once one allows for
household production, the case for uniform taxatsoweakened considerably (Sorensen,
2007). Productive activities within the househaithich almost always depend on market
production of goods, take the form of productionsefvices and represent very close
substitutes for services that may also be delivénad the market. Furthermore, a high tax
on complements to leisure may not be an efficieay wf stimulating tax-discouraged

labour supply to the market when such a commodityeincourages substitution of home
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production for market production: in fact, taxeswld distort the pattern of market activity
as little as possible. When goods and services@ually substitutable for leisure (entering
into a homothetic sub-utility function), so thatifenm taxation would be optimal in the
absence of home production, services should delfyniite taxed at a lower rate than goods
when they can be produced in the household sestael as in the market. Kleven (2004)
developed an inverse factor share rule, stating the optimal tax rate on a given
commodity is inversely related to the share of cadity input in total factor input
required in the relevant household production @gtiwloreover, he states that the larger
the time input relative to total factor input irdome household activity, the higher is the
optimal tax rate on the commodity input into thdivaty. Then, the optimal tax system
imposes relatively high tax rates on commoditieesehconsumption requires a large input
of household time. In this way the optimal tax systminimizes the amount of time that is
diverted from market work to consumption activititin the household sector. At a basic
level this is coherent with the conventional Ramagproach: tax policy should aim to
minimize tax-induced substitution towards non-td®abses of time. From a practical
perspective, an interesting insight from Klevernppmach is that the optimal tax policy
depends solely on observable factor shares ratherdn unobservable compensated price
elasticities. Even if a number of goods and sesvice not be taxed, Kleven’'s analysis
suggests that data on the allocation of houselolel ¢an help policy makers to determine
a rational structure of indirect taxation.

2.1.2 Marginal cost of funds measures

Summary measures such as the marginal cost of f(M@¥F) are important for two
reasons. First, they are useful for assessing éborms on particular public goods: in
particular, they provide a framework which enaliedecentralize policy analysis, without
needing access to a complete model of the econ@mgond, they facilitate sensitivity
analysis for particular projects. Intuitively, thHdCF measures the inefficiency of tax
policy, as it generally costs more than a dollapi¥ate income to raise fiscal revenue by
one dollar. In fact, relevant questions for goveentrpolicy makers are what public goods,
in what quantities, they should provide, and wieatl and mix of taxes they should use to
pay for them. Differences in approaches dealingy Wit income effects of taxation used to
finance spending on public goods could lead to tswmbisl differences in policy
conclusions. Stiglitz and Dasgupta (1971) and At&im and Stern (1974) identified a
previously-ignored income effect as a potentiaiyportant influence on the costs of labour
taxes used to provide public goods. The intuit®the following: leisure is a normal good,
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raising taxes reduces disposable incomes and hkaaemand for leisure, increasing the
supply of taxed labour. The estimates of the matginst of funds raised for the provision
of public goods should take these income effectsxidtion into account. Mayshar (1990)
suggested an approach which measures compensgiadtsnon consumer welfare via an
expenditure function, but uses uncompensated goarh revenue by including the
effects of tax-induced income changes on consumpitosupply of taxed goods: in a
similar framework, the marginal income gains fronoypsion of public goods is clearly
omitted. On the contrary, many studies shifted ftoawlitional approaches to the marginal
cost of funds (Browning, 1976; 1987), based puoglycompensated responses. Atkinson
and Stern (1974), Auerbach (1985) and Ballard anbeiffon (1992) suggest that the
income effects associated with raising taxes meyae the social costs of taxes on labour
and hence expand the range of public goods opgmadvided by governments.

Ballard (1990), Mayshar (1990), Creedy (2000) atiteis have argued that the approach
used to calculate the costs of taxes used for pgolods provision should differ from that
used for evaluating balanced-budget changes imates. Under this view, two different
MCF measures are needed, depending upon the typelioff measure examined. This
approach could be potentially misleading, especsilhce the ultimate uses of the funds
raised may not be known when they are raised. Anteand Martin (2007) highlight that
the relevant issue is to treat symmetrically th@ome effects resulting from public good
provision with those associated with tax financing.

The compensated MCF measures are preferable bedhege allow for potential
compensating international transfers. In this cantdey measure the actual transfer from
outside the system to the private sector that wbalk the same effect on welfare as the
combination of the change in public good provisimal in the taxes needed to finance their
provision. Given that the compensated measuresbeansed for differential-incidence
problems in which taxes are changed while holdimgegnment revenue constant (Ballard,
1990), the compensated MCF can be used for botéreiitial-incidence and balanced-
budget analysis.

Here | want to give a brief overview of some incide measures proposed by the literature
on the marginal cost of funds. The aim of studieshe welfare change caused by actual or
hypothetical taxation reforms is to provide a moneasure of the change in welfare faced
by different types of individuals when prices chan@hanges in commodity or income
taxation give rise to the concept of excess burdsulting from taxation, that measures the

cost of not being able to impose lump sum taxeterAhtive concepts of excess burden
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arise, depending on whether compensating or ecmntvalariations are used; moreover
approximations which do not require the form of th#ity or expenditure function to be
known can be used, needing only elasticities ewauat current consumption levels
(Creedy, 2000).

A comparison with respect to the absence of tayes e developed considering the
amount, in excess of taxation paid, that the imtlial would give up to have all taxes
removed. This approach gives an excess buiigmased on the equivalent variation, as
B. =EV -R(p',x) (2.1)
whereR(p',x") is the revenue collected from the individual whthdgetx at the post-tax
pricesp’. In the case of taxes per unit of outhisuch as the excise taxes), this is given by

R(p' %) = Dt (P ) (22)
where q delr_llotes Marshallian demand. Alternatively, exdesslen may be defined in
terms of the amount, in addition to the revenuéectdd from the individual, that would be
needed to keep utility at the pre-tax level.

This gives a burdemBc, based on the compensating variation, as follows:

B. =CV - R(p*,c(p*,u?)) (2.3)
The revenue subtracted from the CV is higher timag 2.2 ) because it arises from the
compensation involved in maintaining utility af. The relationship between the

Marshallian ¢) and Hicksianlf) demand curves is such that

a(p,x) =a(p,c(p,u)) = h(p,u) (2.4)
Hence the revenue in ( 2.3 ) can be written as

RO (P u%) = 4 (P u) (25)
Equations ( 2.4 )I;nd ( 2.5) highlight the roletled Hicksian demands in obtaining raised
revenue; given its relevance also in computing BY @V, the excess burden with a single
tax could be relevant even if the taxed good instjoe has a low uncompensated own-
price elasticity of demand, because of the suligtiiieffects which arise in response to tax
reforms.

An approach to measurement difficulties, bypassthg requirement of detailed
information on utility or expenditure function, @®@mputing an approximation of welfare
changes. For example, taking a Taylor series expamws c(p’, u)— c(p’, u) and neglecting

the third and higher order terms gives

78



n n

5 0c
c(phu)—c(p’u) =) ~—+> pd 2.6

2 Zlgap. (26)
The tax revenue can be expressed, uSmgoi -p°, as

oc
d —d
Zq.p. Zap P (2.7)
which is the same as the first term in ( 2.6 ). ¢tethe excess burden is approximated by
B——ZZsﬁdpdpJ (2.8)
i—l =1

where s is the i, jth element of the symmetric matrixS with

s; =0x" /0p, =0°c(p,u)/dp,dp;; this is called the Slutsky matrix. This enableg th

excess burden to be approximated without knowiegptlecise form of the utility function,
so long as estimates of compensated changes atabéaFurthermore, for such small
changes there is no distinction between the budiddimed in terms of compensated and
equivalent variation. The use of this method makes dalculation of excess burdens
relatively quick: in fact, very often the elastieg to compute the approximations of excess
burden are taken from demand studies. This apprdaeahly implies the disadvantage that
often elasticities are computed under a high le¥elggregation and they are not enough
differentiated in order express the individual asge to price changeBhe introduction of
demographic variables in demand systems estimatiatheir translation (see Paragraph
3.4) could represent potential solutions in ordesdlve this limitation.

2.2 Thedouble dividend hypothesis
In order to analyse the overall distributive impa€tan environmental tax it should be

considered that its benefits are given by the pdggi of gaining a double dividend:
obtaining improvements in environmental quality aat the same time, a reduction in
other existing distortionary taxes increases thgeapof taxes in comparison with other
environmental policy tools. Empirical investigationisthe potential importance of double
dividend date to the early 1990s, in connectior\gitowing concern on climate changing.
They used several different types of models andwiddly varying results. In particular,
many simulations exploring the double dividend ion@utable General Equilibrium
(CGE) models were carried out in this period (Nor@muncil, 2006). The difficulty with
these studies is that they are highly dependenpamameters which are included as
exogenous by researchers. Technology, in particidaa, crucial parameter which is not

well captured in such models. Also the scope fgromed efficiency by means of changes
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in production factors use is often assumed, awaydnclassical theory’s assumption of
optimality and rationality in firm management.

If the government aims at two objectives, it showmlgrinciple employ two instruments.
Conceptually, therefore, one can view a green &f®rm aimed at reaping a double
dividend as consisting of two separate policiese @olicy is aimed at improving the
quality of the environment, the other one is tagdedit the non-environmental objective.
While efficient environmental improvements presuiyiabonstitute the basic dividend
from the use of market-based instruments, therebbaa a great deal of attention paid to
the second dividend. One can list some restricoraditions whose verification determines
the double dividend existence: the presence of sdistersive taxes; the incidence of
environmental tax falls on a factor fixed and progiia limited excess burden; a large tax
base; substitutability between factors; wages agid r(then a reduction in social
contribution will diminish labour cost and will irease employment); translation on
consumption is reduced; political acceptabilityscakht international level (in particular
coordination is needed, in order to handle competissues).

The possibility of lowering labour taxes, when @omiment assets are factored in, exists
both with environmental taxes and with the auctignof emissions trading permits.
Obtaining a double dividend requires careful comsition of the revenue recycling
method. The most straightforward method is to rlecyevenue by lowering social security
contributions paid by employers and employees. Hewea tax interaction effect may
occur as the increase in energy prices causes gegdither to lower labour supply or
demand higher salaries in compensation, with teeltr¢hat a double dividend in terms of
an increase in employment will not emerge. Cenyaiah excess burden is also attributable
to environmental taxation, in particular throughdinect effect on others economic
variables. Environmental policies enhance welfayerdducing pollution, but they can
reduce it by discouraging labour supply: the nelfave change depends on the relative
size of these two impacts. In reality, this negatiax interaction effect occurs mainly in
stylised analyses, where distortions in currentsigstem are not taken into consideration;
for example, the presumption of negative labourplumlasticity is not confirmed in
Nordic studies (Nordic Council, 2006).

The double dividend argument suggests that one mBsh to push the role of
environmental taxes beyond that of solely an imsémt for environmental protection and
employ them also as a revenue-raising device taistibrtionary taxes. On the contrary,

Bovenberg and de Mooij (1994) demonstrate thatrenmental taxes, by driving up the
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price of (polluting) goods relative to leisure, deto compound the distortions caused by
taxes in labour markets, producing a negative welfempact termed the tax-interaction
effect. They demonstrate that, in the presence of pretegidistortionary taxes, the
optimal pollution tax typically lies below the Pigan tax (which fully internalizes the
adverse external effects of pollution) becausehef competition between the collective
good of environmental quality and other collectg@ds. Hence, when we are not in the
first best case (in which there is no need to fogapublic spending through distortionary
taxation) the marginal costs of environmental polise with the marginal cost of public
funds. At the Pigovian tax rate, the environmeriiahefits associated with less dirty
consumption would exactly offset the adverse welkifects due to an erosion of the tax
base. Moreover, changes in employment would noécaffwelfare: in absence of
distortionary labour taxation, the social opportymiosts of additional employment exactly
offset the social benefits. Differently, in presenaf a distortionary tax on labour, the
optimal environmental tax depends on employmengaese to a change in the tax mix. A
drop in the real after-tax wage comes about bectheséower tax rate on labour income
does not fully compensate workers for the adveifeeteof the pollution levy on their real
after-tax wage. The offset is only partial becaokerosion of the environmental tax base:
in fact, the higher environmental tax induces hbok#s to switch to cleaner consumption
commodities and this behavioural effect erodeseitMronmental tax base, producing a
negative tax-base effect. Given a fixed beforevtagie, the real after-tax wage falls if the
tax base erodes: if the government needs to maiontagrall tax revenue, then it is unable
to reduce the labour tax sufficiently to offset tiverse effect on the real after-tax wage.
The resulting lower income from an additional urfitwork, if the labour-supply curve is
upward-sloping, erodes the incentives to supplyuab Then, positive uncompensated
wage elasticity determines that distortionary labtaxes raise the marginal cost of
environmental protection above its social bendfitis result depends on the separability
assumptions regarding utility function. Private deaare weakly separable from public
goods (environmental quality and public consumptidimat do not directly affect private
demand. Then clean and dirty consumption are agtgdgby a homothetic sub-utility
function into a composite consumption godfl.environmental quality was a closer
substitute for private consumption than for leisuaeheavier reliance on environmental
taxes would imply smaller income effects on labsupply. The government can use the
revenue from pollution taxes to cut labour taxesooraise lump-sum transfers. In the last

case the associated higher levels of distortiortaation and transfers imply that
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employment would decline more than in the casehiclwvlabour taxes are cut. The lower
level of employment erodes the base of the labaxy thereby further worsening pre-
existing tax distortions. In the presence of distoary taxes, therefore, pollution taxes
become more attractive if the revenue is not rexyéh a lump-sum fashion, but rather
they are used to cut distortionary taxes.

Furthermore, relative tax distortions play an intanot role in this result: revenue recycling
through a tax cut can be welfare worsening relatit@ lump-sum recycling if the tax cut
increases relative distortion between energy ahegrotonsumption goods (by reducing
existing taxes on these goods). For this reasobjkBaet al. (2003) find out opposite
results with respect to Bovenberg and de Mooij )9¢hey observe that the weak double
dividend does not hold unambiguously, because lafive tax distortions. This suggests
that a careful assessment of which distortiongtiuce is necessary or one can do worse
than lump-sum recycling. The authors demonstraeniak double dividend is unlikely to
hold for a number of European countries, result tzam be traced to the high existing
energy taxes in most European countries. Placingriaon constraint on top of existing
fuel taxes raises the effective tax on fuels: thewjstributing the revenue by reducing
existing taxes on non-energy consumption good$fidéartvorsens the relative distortions
between energy and these other consumption godus.r@sult shows that the interplay
between carbon policies and pre-existing taxes diffier markedly across countries,
depending greatly on the existing levels of différéistortionary taxes existing in an
economy. Much of the empirical evidence on the #®dividend has been drawn from the
USA where energy taxes are very low compared tot rotbeer developed countries and
they are, therefore, particularly unlikely to apelgewhere (Babiker et al., 2003). In fact,
many developed countries heavily tax consumptiofuells whereas fuels prices are often
subsidized in developing countries as a means &fnganergy affordable to consumers.
As both energy taxes and carbon constraints dyexffiect fuel use, it is perhaps not
surprising that correctly representing distortionsthese markets is essential to rightly
evaluate the economic impacts of climate policye @rust be cautious in extrapolating the
results from a country specific analysis to otheurdries, and one must accurately
represent existing distortions in energy marketsatourately estimate the economic
impacts of climate and fiscal policy.
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2.3 The incidence analysis

The paragraph devoted to incidence analysis, gitgesignificance for the estimation of
the distributional welfare effects, is divided infour sub-paragraphs. Paragraph 2.3.1
describes the different options available for welfaneasurement, namely the choice
between lifetime income, current income or consumompt An overview of the tax
incidence concept is provided in Paragraph 2.3t@leWwaragraph 2.3.3 goes into details of
the incidence measurement in terms of equivalenat@n, compensating variation and
consumer surplus. Finally. Paragraph 2.3.4 brisflgthesizes the issues related to social
welfare measurement and Paragraph 2.3.5 synth#mzequivalence scales theory, with
particular focus on their relevance as devicestfopm welfare comparisons.

2.3.1 Welfare measurement

The analysis of the distributional effects of ennimental policies implies some reflections
linked to different welfare measures and wealthx@® that could be employed. Different
options can be applied, including household curmrecbme, household life time income,
household expenditures or expanded notions of ekdtprinciple. lifetime income is a
better measure of individual welfare than currertbme. Some categories of individuals
may be not poor in a lifetime context given theighy expected future earnings; in
addition, a reasonably well-off person may appeaorpin a particular year due to
transitory factors, such as temporary unemploymantliness. In order to measure
household income, lifetime income could be a bgitexy of individual well being than
current income: it’s in fact designed to remove ¢bafounding effects of similar people at
different stages of their lifecycle.

When the effects of policies last more than on@oper even if inter-temporal separability
holds — a static analysis of the household’s welfauld give a misleading picture. The
bias associated with static welfare analysis has lieemonstrated empirically by Poterba
(1989; 1991), in his examination of the inciden€endirect taxes. He showed that when
the distribution of the tax burden is measured gisinrrent income as a proxy for
household welfare, indirect taxes appear more ssgre than when welfare is measured
using household consumption (which approximatempaent income). This suggests that
significant errors can be made by ignoring theetlihe incidence” of policies.

However, lifetime income is far more difficult toeasure than current income, as it
requires tracking households over extremely longetperiods: it can be measured through
econometric methods relating income to educatige, and other demographic variables,
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or proxied by annual consumption (Poterba, 198%).d&cussed in Kristrom (2003), the
definition retained may affect the results regagdenvironmental policy regressivity.
Metcalf (1999), surveying some studies which emgifgtime income measures, shows
that tax regressive impacts are more limited iifedilne context. Given the controversy
surrounding income measurement, studies often laaopted alternative measurement
options, such as consumption, assuming that incoaa® better proxied by household
expenditure. Consumption is a better indicator effave than annual income and using it
the value of welfare loss from the policy changa ba scaled. University students and
retired people, for example, may have very low mes but high levels of consumption,
and thus high welfare; on the contrary, working $eholds can maintain levels of welfare
in the face of temporary reductions in income bkirtg money from savings or by
borrowing.

Moreover, in a static context the appropriate weliadicator should be a function of total
expenditure rather than income. The permanent iecand life cycle hypotheses suggest
that current (i.e. annual) income is likely to be inaccurate proxy for the standard of
living because of inter-temporal consumption smmgthHouseholds with temporarily low
incomes can have high levels of total expenditareugh borrowing, and then exhibit high
consumption to income ratios; differently, the mee can hold for households with
unusually high incomes. The biases associated vatisehold income as welfare measure
arise from the omission of price and demographiece$ in measuring welfare. An
implication of the permanent income hypothesiha the distribution of total expenditure
iIs quite different from the distribution of incomeélouseholds with low incomes are
disproportionately represented by those with termporeductions in current income,
whereas households with high income levels are-mesented by those with transitory
increases in income; other things equal, one wexjgkct less dispersion in the distribution
of total expenditure relatively to the income disition. For example, Slesnick (1994) has
found that the expenditure distribution is more alyu distributed than the income
distribution in the USA, and it exhibits substalyidess movement over time.

For these reasons, and since ltdagine sui consumi delle famigle®ntains detailed and
accurate data on household expenditure, | usedoteumption expenditures as the proxy
of welfare. As the welfare measure used is a afigeterminant of incidence, so does the
choice of unit of analysis. Any study that adopies tamily as the unit of analysis is clearly
more comparable to a lifetime approach than oneatlapts the individual. The kind of

taxation | examine, levied on goods whose consuwmps rarely on an individual basis
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(only in case of one-adult household), allows tentify households as the more suitable
unit of analysis: most studies on this subjectict Employ household expenditure.

2.3.2 The incidence concept

Taxation has many different economic effects, lmthmicro and macro level: effects on
the distribution of income and the efficiency obwmarce use belong to the first group,
whereas effects on the level of output, employmentes and growth to the second one.
Clearly, all these effects are interdependent tordexample, the distributional effects of a
particular budget measure are likely to be linkedts effects on employment or output.
Furthermore, a policy could be preferable with es$go its distributional outcomes but
not with respect to its efficiency results.

Dealing with the distributional effects, tax inciae refers to the way in which the taxation
burden is shared among households. The overalehurdposed to the private sector tends
to exceed the amount of revenue collected, becthesdax interacts with consumer’s
choices, distorting expenditure patterns: this waltkal burden constitutes the excess
burden or deadweight loss. Input effects (changadtor supply and then in total output)
and employment effects (linked to aggregate denwrahges) constitute other reasons
why tax revenue and total burden (measured bydbg of income for private use) may
differ.

Two distinct kinds of tax incidence can be distiishped (Musgrave and Musgrave, 1989).
The statutory incidence refers to the legal obiagygtnamely the person on whom the legal
liability for payment rests. Although this statute the end is a reflection of voter’s
preferences, once legislated the individual taxpayk try to avoid or to pass the burden
on to other. After this process of shifting, the@®d concept of incidence can be defined:
the economic incidence indicates how the econoopply and demand conditions in the
market for the taxed item determine the final dsttion of the tax burden among
suppliers and consumers. After this first distioeti there are three ways in which the
problem of incidence may be viewed, namely as aitsodifferential or budget incidence.
The absolute tax incidence examines the distripatieffects of imposing a particular tax
while holding public expenditure constant, withdaking into account the macro effects
which follow from the resulting decline in aggregatiemand. The differential tax
incidence broads this view and analyses the digtabal changes which result if one tax is
substituted for another while total revenue andeexiiture are held constant. Finally, the
budget incidence considers the changes in housémaddne resulting from the combined

effects of tax and expenditure changes. My incideanalysis, since it follows from
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demand system estimation, does not take into atdbenrole of government and is not
associated to an input-output approach; then, avlaie tax incidence approach is
adopted.

To summarize, the final incidence, or burden disiiion, will depend on how the tax is
imposed initially, what rate structure is used, hbe basis is defined and how general is
its coverage. In the end, economic incidence depencconditions of demand and supply,
on the structure of markets, and the time periddwald for adjustments to occur.
Adjustments to a tax will cause factor and proquates to change, and these changes will
affect households from both the sources and uses sif their accounts, thus determining
the burden distribution among them. The final ooteadepends on the interaction of these
changes in a general equilibrium system. Howevewilll adopt a partial equilibrium
approach, only considering what happens in the ethdf the taxed inputs and not taking

into account the impacts of the introduction ofomar taxation on other markets.

Figure 2.1 — The division of the tax burden in apetitive market
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Examining Figure 2.1, the tax burdenHgE;P:-t*E: this burden is shared by buyers and
sellers, such that the buyer paysgE;PoH and the sellePoH P;-t*E. The former area
reflects the additional amount which the buyerstpay for quantityOQ;, compared with
what they would have paid at the old price. Theetatsimilarly, reflects the smaller
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amount which the sellers receive in net incometliier sale 0f0Q;, compared with what
they would have received before. This approach estggan important rule — namely, that
the burden of the tax is divided between buyerseiér as the ratio of elasticity of supply
to elasticity of demand in the relevant range &f demand and supply schedtlesf the
demand is inelastic and the supply is elastic,téxetends to fall on consumers; on the
other hand, when the opposite conditions hold #xenmainly fall on producers. Then, in
examining a product tax incidence, the elasticitdgemand and supply plays a key role in
determining which set of conditions applies. Moregvsince markets are not perfect,
imperfections must be allowed for. While Figure &ibws the adjustment to a unit tax in a
competitive market, in Figure 2.2 is depicted théeg adjustment in a monopolistic
market. AR and MR represent respectively the average and margivainctee schedules

before tax, an®C is the marginal cost schedule.

Figure 2.2 — The division of the tax burden in anmyolistic market
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Output is set at the intersectionM€ and MR and equalSQy, while price equal®P,. As
the unit tax of amount* is imposed, théIC schedule shifts up tMC’. Output falls to
OQ: and the price risd?, Ppt+t* falls short the unit tax*. The tax revenue equals

7t is worth to be mentioned that this is not a viynehtisfactory way of looking at the tax burdem ats division, since
the problems linked to the excess burden are hkentanto account. In fact, if taxes are to be s#lab ability to pay —
then based on economic indices such as incomeugmi®n or wealth — they are likely to interferéhweconomic
activity and distort efficient choice (Musgrave avidsgrave, 1989).
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E;/EH,’H and, as in the competitive case, the resulting gésnn output, price, and
revenue depend on the elasticities of demand apgdlysuAnother particular process of
price adjustments arises in an oligopoly contexdreHprices and output are not set in the
traditional profit maximizing manner. The price dsnto be established by the price leader
in the industry: in fact, each other firm does rase the price for fear of loosing its sales
and it does not try to undercut the price, in otdeavoid that its competitor follow suit. In
such a situation, an increase in the tax rate magsa signal to firms to raise the price in
concert: since each firm has reason to expectthigadthers will act similarly, it can raise
price without concern for its competitive positiohhe energy products market is well
represented by an oligopolistic market, and fos tteason the hypothesis of complete
translation on consumers prices of carbon taxati@aasonable.

An excise tax might be called either a consumeell¢éax (e.g., the gasoline excise tax,
collected at the pump) or a producer-level tax.(etge alcohol and tobacco taxes,
collected from manufacturers), but this is not gjioto identify on whom it impacts. As
the Figure 2.1 shows, the distinction could notertfthe economic division of the tax
burden: consumers and producers are both affectezbrine degree, regardless of the
statutory label. How they share the burden of thg tlepends entirely on their
responsiveness to the price changes, the slop® cdfupply and demand curves, and the
market structure.

My choice to examine the impact of carbon taxatarhousehold consumption is linked to
the hypothesis that the firms pass all abatemestscein the specific energy products case
represented by excise augmentation — into prices tleerefore consumers ultimately bear
the full burden of this costs. The assumption df fass through of abatement costs is
reasonable given that the market of oil produaishsas fuels and heating fuels, can be
considered oligopolistic, then the firms are privakers. Thus, a carbon tax can be
hypothesised to be fully shifted forward to constené&hifting occurs directly, as fuel
producers raise their prices to account for thedaxd indirectly, as all producers raise their
prices to cover the increased cost of fuels andrattputs. In the end, each product’s price
rises in proportion to its direct and indirect wdehe taxed fuel. Because of lack of data,
my distributive analysis will not use an input-out@pproach, only being devoted to the
examination of the direct component.

2.3.3 Incidence measurement

| want to specify that, according to the traditimncarry out the distributive analysis in
utility terms, my model will simulate the effects1 diousehold consumptions and will
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estimate related distributive impacts in terms ahe measures of incidence, represented
by compensating and equivalent variation, bothraefiin utility terms.In the empirical
analysis, it has relevant importance to providaiangtative measure of welfare changes
linked to market intervention. For this purposeg tmeasures generally used are
represented by Equivalent Variation (EV), CompengaVariation (CV) and Consumer
Surplus (CS) which, differently form the previouses, is only an approximation of the
really occurred welfare change.

Welfare changes evaluation is based on buildingcatdrs of utility: in this context, cost
functions represent a useful tools because, givemesprices, they measure the minimum
expenditure necessary to achieve a given utilitelleln particular, givene(p,v(p, X)),
where p are constant prices anp,x)is the utility level (correspondent to pricgs), let
consider a price change frapfito p'. These two vectors of prices define two utilitydts,
given byu’ = v(p°,x) andu® = v(p*,x). Starting from herey will always indicate utility,p
vector of pricesw budget shares} quantity consumed andtotal expenditure (or income,
proxied by it).

By taking as the reference price vector alterntiy® or p*, respectively EV and CV can

be constructed:

EV(p°, p*,x) =e(p°, v(p*, X)) —e(p°,v(p°, X)) = c(p°,u*) —c(p°,u®) =¢(p°,ut) - x (2.9)
CV(p°% p',x) =e(p", v(p', X)) —e(p", v(p°, X)) = c(p*,u") —¢(p*,u’) = x—c(p*,u’) (2.10)

EV can be interpreted as the maximum amount by lwhiconsumer would have to be
compensated before a price change in order to rémclsame welfare level as with the
price change. Conversely, CV is defined as the mum amount by which a consumer
would have to be compensated after a price changeder to reach the same welfare level
as before. Both of them are expressed as the elifterin costs of reaching the same utility
level at two different price vectors, so they aog a ratio but simply a sum of money.
These two measures also have an interpretatiorermst of compensated demand (or
Hicksian demand) functions: in the case B the relevant demand curve ligp,ut),

referred to final utility level, whereas in the easf CV ish(p,l), referred to initial utility

level. If a market intervention embed a price cleangly relatively to a good, that is only
p' # p’and other prices remain equap(= p; for i #k), then EV and CV have a

straightforward graphical interpretation. In order compute them, one has to make

reference to the price before or after the changéhe Hicksian demand curvéhey are
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represented by the surfaces ABED (EV) and ACFD (aWjs clearly shows that they can
be different and provide a different informatioroabwelfare effects.

Figure 2.3 — Equivalent variation, compensatingateon and consumer surplus
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More precisely, EV and CV are respectively given by

EV(p°, p'. %) =jz h (p,u')dp (2.11)

CV(p°, p" %) :IZ h (p,u®)dp, (2.12)

then the potential difference is due to the releeanf income effect. In fact, in the
particular case where income effect is zdr,u)= h(p,u") and then the two measures,
besidedo being equal, will also equal consumer surpluBKR in Figure 2.3). Consumer
surplus may differ from the equivalent and compgngavariation for many reasons; here
I will highlight the one linked to the income eftecThe equivalent (compensating)
variation is the area under the compensated dermoamnve, corresponding to the level of
utility after (before) the tax change, which williffdr from the area under the
uncompensated demand curve unless the incomeceiasti demand is zero. Consumer
surplus is defined with reference to Marshalliamdad and is given by

CS(p° p*,x) =jz g (p,X)dp (2.13)

In the absence of income effect, the Marshalliamated will equal Hicksian demand; this
implies that CS is a good approximation of EV arM i€the income effect is not very
important. For individual products price increasksre is usually very little difference
between the three welfare measures, as long ashtime of spending on this good is a
small fraction of income. But this may not be tlase when a wide range of product prices

are simultaneously increased, and the relevantdiigl@re is more substantial.
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For a single price change, constancy of the makgitigy of income enables to say that
consumer surplus provides an exact measure ofltaage in welfare. Some problems
arise with changes in more than one price, asenctse of the simulation of carbon tax
implemented in 1999 in Italy. The change in consusugplus must be evaluated using a
line integral defined over the path of price chang&his extension is conceptually
straightforward, but line integrals generally deghean the paths over which they are
evaluated. Since we only observe the initial andlfprice vectors, the change in consumer
surplus must be independent of the path, conditibat, in turn, occurs if the
uncompensated price effects are symmetric. A ratioansumer will exhibit compensated
price effects that are symmetric, but uncompensaésdands will have this property only
if income effects are always equal. This requirgsadity of the income elasticities which
can only occur if they are equal to one and prefggs are homothetic.

Differently, the compensated demand for a goodhiaracterized by the symmetry of
compensated price effects, so the surplus measusangle valued because the integral
which define it is path independent. Then, becadigkeir relationship with compensation
criteria, and because their measurement is notndigpé on the path of price change,
Hicksian welfare measures are widely regarded agalde measures of the benefits or
costs of price changes. Since CV and EV are botiiletp areas under Hicksian
compensated demand curves rather than areas unaishdflian demand curves their
measurement has proved more difficult than thahefmore-frequently used Marshallian
surplus. However, the adoption of the expendituretion approach provides a reasonably
straight-forward method for the measurement of @G &V, either by using estimated
parameters of complete demand systems, derived fn@ximization of a well-behaved
utility function, or by integrating back from Mamlhian demand curves to Hicksian
demand curves via Roy’s identity. In general, thardhallian surplus lies between the
theoretically grounded measures of welfare changea@d EV. When the price of a
normal good decreases, the following disequalityus:CV < CS < EV conversely, for a
price increase it holds th&V < CS < CV Only when the income elasticity for the good
considered is zero, all three measures equal gheh o

A considerable work has been done on the importafdbe differences between these
three measures and on the possible use of CS agpaoximation of CV and EV. Willig
(1976) indicates that in most practical situatitims differences between CS and CV/EV
does not exceed 5%, depending on the income etpsiicthe good and the share of the

CS of the good in question in the total consumexjsenditures. The consumer surplus can
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differ from the other measures for the variatioos different reasons, linked to income
effects (differences between the compensated andmyrensated demand curve), cross-
price elasticities, and assumption of constanttielas demand curve. The divergence
between CV and EV is theoretically grounded andsitinescapable without severe
restrictions on consumer’s preferences. This dimecg poses the problem of the most
suitable measure to be used. One distinction camd@e on the base of property rights
implied by each of the two measures. The CV candéined as a measure of the
maximum willingness to pay (WTP) to obtain the pritecrease using the initial level of
utility as a reference point, implicitly assumingat the individual has no claim on the
price change. The EV measures the minimum willisgne® accept (WTA) to forgo the
price decrease, considering the (new) utility lehel individual would reach with the price
decrease as a reference point, hypothesizing tigatndividual has a right to the price
decrease and needs to be compensated if it isttamted. Equivalent and compensating
variation can be used to estimate the WTP/WTA fovirenmental quality: such an
approach makes more evident how other assumptfonsgnstance linked to property
rights, are relevant in choosing the most appropili@tween the two welfare measures. In
the case of multiple price changes there is antiaddi issue to be considered. Freeman
(1979) states that the CV is independent of therood evaluation, while the EV will be
independent of the order of evaluation only in #pecial case in which the income
elasticities of the goods are unitary. Unless timéikely condition is met, there is no
unique EV in the case of multiple price changes iarglich cases the CV is therefore the
best measure.

As pointed out by Markandya (2004), another issuges when the measures of welfare
change have to be used for the ranking of two radtere policies. In this case, EV is
shown to be superior to CV. He argues that conisigdwo alternative policies, both of
which embed multiple price changes which lead thesamer from the initial indifference
curve Up to the same final curvd,, for both policies the measure of the welfare gean
should be the same. The EV is the same whateves phange is considered, as long as
the EV is based on the initial set of prices. Oa dther hand, CV is different for the two
policies, the final set of prices being differeeyen if both sets of prices allow the
consumer to reach the same utility le\dgl

The problem of determining the not observable $tmec of consumer preferences
deducing them from market choices has been solegdlaping the revealed preferences

approach, originally proposed by Samuelson (19BBis has required the individuation of
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some properties of demand functions, representetthdoyaxioms of revealed preferences;
depending on the hypothesis on preferences chastitt® these properties constitute
necessary or sufficient conditions under whichdabenection of market choices and utility
maximization is possible. The issue, known as naleidjty of demand systems, was
already faced by Antonelli (1886), and after byd®ar(1906), Hicks and Allen (1934),
Georgescu-Roegen (1936), Samuelson (1950) and Elemd Uzawa (1971).

In particular, supposing that the inverse of themaed system exists (namely,
hypothesizing that only a price system exists incwra bundle of goods is demanded),
then this function is integrable, the utility fuitst represent an integral and the marginal
income utility represent the integration factor {@&melli, 1886). Integrability requires
several conditions with local character: then, thayst hold in order to assure that market
choices are referable to an utility maximizatiomigem. Georgescu-Roegen (1936) and
Samuelson (1950) have proved that integrabilityddtmns are equivalent to the symmetry
properties of Slutsky matrix, whose elements exgptke substitution possibilities between
different couple of goods. Simmetry condition alasenot enough to assure that the
integral of inverse demand function represent thesamer utility function: in other words,
the mathematical integrability does not imply tlter@omic integrability. The authors have
shown that the Slutsky matrix must also be negatemi-definite. The method described
could not be applied to indifferences curves wipcksent corners: in order to solve this
limitation Hurwicz e Uzawa (1971) proposed to deridemand functions directly
integrating demand and not its inverse : at thipgse, they referred to the dual structure
of the maximization problem and used the enveldmorem, according to which the
partial derivatives of the expenditure functionghwiespect to price should be equal to
compensated demand.

There is only a scarce amount of studies that huserétically grounded welfare measures
such as equivalent variation or compensating vanai measure carbon tax incidence:
Cornwell and Creedy (1997), Brannlund and Nordst(2@94), West and Williams (2004)
represent some examples. In these cases, throegidtiption of some representation of
preferences, such as a cost function or an indirglity function, a consistent demand
system is derived and on this basis incidence messare computed. This is relatively
easy because from demand system estimation ons®luiazectly cost or indirect utility
function parameters, which can be employed to caenploe described measures. The

coefficients of a demand system also allow to esttmdemand elasticities, and this

93



represent already a first step in evaluating déffiérdistributive impact among households
with regard to the introduction of a green tax refo

The utilitarian approach evaluates different pggstems or bundles of goods on the basis
of the utility they allow to reach. In this contextelfare measures are generally derived
through the observation of preferences revealeththyidual choices, and interpreted in
terms of the numerical representation of thesecdsoiTherefore the notion of welfare is
able to catch only the item for which a money neeéxists, resulting from the economic
rationality of utility maximization. In some casesyaluating public policies only using
utilitarian approach could embed adverse effectsimatividual welfare. In fact this
conception relies only on the welfarist criteria wfility (in theory) and income (in
application). The income approach to welfare messent can be intended only as a mean
to reach an acceptable standard of living, andoirway as an end in itself, since there
could be other important dimensions of human weltliat income does not account for:
health, education, social relationships, longeveymployment, environmental conditions,
housing conditions (Sen, 1979).

Sen proposed an approach aimed to innovate thatidreadl notion of welfare as
satisfaction of individual preferences, widenin@ tinformation basis of which rational
agents dispose and focusing on some objectivesatialns, called functioning (Sen, 1979).
The way utility is measured in the utilitarian apach can in fact provide only a partial
picture of human well-being, limiting its signiéince to the consideration of welfare
effectd®. Sen major contributions (Sen, 1979; 1995; 199D)staess the centrality of
individual entitlements, opportunities, and riglats conceptual foundations of economics
and social choice, introducing the so-called cdpglapproach. While in the utilitarian
approach, utility, intended as measure of preferemsatisfaction, is the only reference for
the measurement of individual welfare, in the apphodeveloped by Sen it represents only
one of the set of functioning relevant to obtameasure of individual well-being.

The implementation of the approach described hasalyndealt with the computation on
indicators alternative to Gross Domestic Productjowing the first contributions
developed by Sen (1985) and the United Nation praéent Program (1990) or to the
analysis of poverty (among others, Myles and Pi2600; Grasso, 2002; Grusky et al.,
2006). Certainly a micro-economic analysis sucldasand system estimation can not

easily be developed adopting capabilities apprgeciny knowledge it has never been the

'8 1n what follows, the term well-being will be usedthiva wider meaning with respect to welfare, adupthe approach
introduced by Sen (1979).
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case), since it is based on consumer choices &litypand just for this reason it offers a
very high rigour in its implementation. In factyelevant issue in capabilities approach is
the information requirement, in particular with aegd to the availability of data suitable for
well-being measurement in functionings space. Reftinis the capabilities in the
functioning space should be identified: this oblstatends to limit the empirical
investigations to the measurement of functioninigiclv are, even if indirectly, observable.
2.3.4 Aggregation and social welfare measurement

Since the goal of empirical welfare analysis i€nfan assessment of the effects of policies
on groups of households, the aggregation problemst iveiexamined. In order to study the
overall impact of tax reforms on taxpayers, a meétfar aggregating the estimates of
household welfare must be developed. The most comapproach is assuming the
existence of a representative consumer and usingetndemands as the basis for the
measurement of social welfare. This is unappedioiy because distributional issues are
ignored and because aggregate demands could besistant with the behaviour of a
single representative agent. To go beyond this dvaonk requires normative judgements
concerning the measurability and comparability @flfare across heterogeneous agents.
Any effort to develop an index of group welfare musevitably make normative
judgements in which the gains to some are weiglgaihat the losses to others. Should a
policy be implemented if the welfare of the poocrgases slightly but the welfare of the
rich decreases dramatically? The answer ultimatepends on the extent to which welfare
can be compared across the population and on tightsessigned to individual agents.
The effort to make the Pareto principle operationsing compensation mechanisms
started in the 1930s. In particular, the KaldorkdiSamuelson approach described by
Chipman and Moore (1971) provides a stringent moite for comparing policies’
outcomes; it states that policy 2 is preferreddbcy 1 if, for any allocation under policy
1, is possible to find an allocation under policthat is Pareto superior to it. Making this
approach operational is problematic, because prasibitive to examine all the possible
lump-sum redistributions of goods across the pdmrathe efforts have focused on
aggregate index numbers as indicators of changsotential (social) welfare, but both
Paasche and Laspeyres aggregate expenditure turto de reliable indicators only if
preferences are identical and homothetic (ChipnrmahMoore, 1971). Given this negative
results, efforts have then concentrated on sumnsigyistic other than aggregate
expenditure to describe changes in potential welf@lackorby and Donaldson (1988) and
Ruiz-Castillo (1987) show that the sums of the vidiial equivalent or compensating
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variations can reveal the direction of change iteptial welfare only under conditions
similar to those obtained by Chipman and Moore 39This suggests that even accepting
the Kaldor-Hicks-Samuelson criterion as the basisnieasuring the change in welfare,
there is no obvious method of implementing it withomposing very strong assumptions
on preferences.

An alternative approach is to define a functiontied individual surplus measures as an
explicit representation of the change in socialfarel Such an approach to aggregation
was advocated by Harberger (1971), among othetssieffort to make consumer surplus
the standard tool for applied welfare analysis.aAtonceptual level, such measures of
social welfare are presented as natural extensmbrhe positive analysis of welfare
measurement at the micro level. This is obviousty the case, because aggregation
necessitates normative judgements related to tkatntient of unequally situated
individuals. Simply summing the surplus measurebaires a version of utilitarianism
and ignores distributional concerns. This (as o@ggproaches to aggregation) requires
assumptions concerning distributive ethics andethierno way around this issue. The
differences in the various approaches lie in whethese assumptions are implicit or
explicit.

The growing availability of data on individual camsption has changed the problem
connotation, since the necessity to refer to exeelgsrestrictive aggregation models has
been reduced. Furthermore, individual differencepreferences can be introduced in the
model specification through a vector of demograptaracteristics (see Paragraph 3.4).
Then, | will face the problematic issues linkedhe representative consumer approach by
computing the elasticities and the incidence measudistinguishing for households
characteristics and their welfare (total expenéitdevel. | will also compute the aggregate
compensating and equivalent variation by weighthegindividual welfare measures with
the numerousness of each household profile includgte simulation. My scope is not
represented by providing an evaluation of socidfaxe, but simply by aggregating the
impacts estimated at individual level, in orderctmpare this result with raised revenue.
So, | will not develop any consideration on sosi@lfare changes consequent upon the
carbon taxation introduction. On the contrary, Il wktend the individual results obtained
to the whole population, through the utilizationl®8TAT weighting coefficients.

2.3.5 Equivalence scales

The consumer demand literature is plagued withiplalimeanings and interpretations of
the terms “equivalence scales”. It is used to rédeat least four different techniques for
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incorporating demographic variables into demandesys, and it also stands for a class of
welfare comparisons among different household typedormed basing on demand
system estimates. Here | will address the meamkgd to welfare analysis.

Because of the relevant policy implications, a nambf studies attempt to measure the
welfare effects of changes in household charatiesisuch as family sizdn order to
compare incomes and expenditures of different Hmldetypes equivalence scales can be
used. An equivalence scale is the amount by whaséhold consumption expenditures
should be multiplied to make that household as wéllas some reference household.
Equivalence scales are supposed to address wedfares by measuring the relative costs
of demographic variation, such as the cost of beidgversus young or the cost of having
children in a family.

A two-component household without any joint constiolp requires twice the
expenditures of a one-component household in dadettain the same standard of living:
so, if one chooses one individual as the referdrmeesehold, the equivalent scale for this
household is two (Lewbel, 1997). If the househadsisted of one adult and one child, the
equivalence scale will be less than two. In thisecahe equivalence scale is intended to
measure the number of adult equivalents (in terfrtstal expenditure) in the household.
In general, any equivalence scale depends on ibe r@gime and utility level at which the
comparison between households having certain deaistccs and the representative
household is made.

Equivalence scales are designed to address tharevélfeoretic question of the additional
expenditure required to maintain a given level dlfare as household characteristics
change. The answer to this question can be repeskes either the difference or ratio of
expenditure functions. Rather than accounting bgteeity through household size alone,
equivalence scales depend on additional charattsrithat influence demand patterns
such as the age, race and gender of the membagss lthe vector of characteristics of the
reference household, the additional expendituraired for a household with attributeg

to attain utilityuris

AW, =c(p,Ug,ay) —¢(P,Ug,a5) (2.14)
which is analogous to the equivalent variationinkhex form, household equivalent scales
are defined by*:

91t is evident, when equivalence scales are expaeissthis form, their similarity with the True Cosf Living Index
that | will introduce in the following paragraphdili, 1999).
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c(p,Ug,ay)
c(p,Ug,ag)
In measuring the welfare effects of changes ingsriand expenditure, efforts have been

Co(PUg, 8y ) = (2.15)

directed towards incorporating price and expenditeffects flexibly in the demand
functions. Demographic variables are often treaasdan afterthought in an effort to
account for heterogeneity. With equivalence scald® issue is how modelling
demographic effects in a way that does not ovesyrict preferences. Among the simplest
methods of incorporating demographic variable® iddflate the demands and expenditure
by a general equivalence scale, so that the Engeé dbecomes

X 1Co(ay ) = x(c /Co(ay)) (2.16)
This method is attributed to Engel (1895) and idedy used because it is easily estimated
using a simple cross section; however, the dembgraariables have the same effect on
all commodities, which could seem overly restrietiv

Given the arbitrariness in the choice of the refeeeprice vector for the computation of
money-metric utility functions, the ranking of salkcistates need to be invariant to this
choice. To make the equivalence scale base indepgnthat is to say invariant with
respect to the utility level at which the expendit@omparison is made, it is required to
hypothesize some structure on preferences acrassehold types. If preferences satisfy
base independence, then the household equivaleats does not vary across household
income levels. The usefulness of base-independgnvaence scales is related to various
aspects. First, an equivalence scale may ensurermuoents that redistribution is fair, by
making sure that each member of the transfer tggealation ends up with the same level
of welfare. Moreover, policy makers can succeeddsign transfer programs that do not
create incentives for participants to modify thearusehold composition to increase their
level of welfare.Second, accurate equivalence scales permit to iexygosehold data for
social evaluation, for example represented by tmestruction of inequality indices.

On the other side, the invariance of base-indep@retpiivalent scales implies a restriction
on household preferences and, therefore, embetigtieas on the shapes of expenditure
share equations across household types. If bagpemndence property is not satisfied by
preferences, then the conventional and convenisetai base-independent equivalence
scales is inappropriate. Pendakur (1999) constluatesemi-parametric estimator of a
household equivalence scale under the assumptidwas# independence without putting
any further restrictions on the shape of houseBwmigel curves. This estimator uses cross-

equation restrictions on a system of estimated paametric Engel curves to identify
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equivalence scale parameters. Testing the hypstloésiase independence against a fully
non-parametric alternative, the author found thegfggences are consistent with the

existence of a base-independent equivalence smag®me inter-household comparisons.

2.4 Other studies review
My attention, among all the environmental policied] be focused on a carbon tax: this

choice was determined bygriterion of representativeness, with regard tofedént
environmental policy options, and of actual andeptial economic relevance, referring to
the relatively wide use among different countries.

This paragraph discusses the sizeable empiricaititre on a variety of energy taxes,
including gasoline and carbon taxes, whose primacydence effects are transparent,
assuming tax payments or permit rents are fullg@d®n in higher prices. The review will
be held following a chronological order and distirslning between different kinds of
taxation, represented by gasoline taxes, energsiaarbon taxes and other taxes. Care is
needed in comparing studies as they may measurdeimce and household welfare
differently, some of them considering behaviouesponses to price rises induced by the
policies while others not doing so, and some rglyom a partial equilibrium approach
while others on a general equilibrium one. A gehéraling is that, prior to revenue
recycling and on the basis of annual income, mosrgy taxes look regressive, since
lower income households tend to spend a disprapately larger fraction of their income
on energy, which is a necessity good. Using lifetimcome, considering increases in
prices of other goods for which energy is an inpag recycling revenue can mitigate this
regressivity, at least in part.

2.4.1 Gasoline taxes

A gasoline tax is, for the most part, a final prodiax. Poterba’s (1989) study of gasoline
taxes (and other federal excise taxes) is amonditsteto emphasize the quantitative
significance of different measures of income fa tlegree of regressivity. Computing the
budget share on gasoline for each quintile, hesfithcht the budget share of the bottom
income quintile was 5.3 times that for the top meoquintile if expressed in terms of
annual income, but 1.5 times that for the top ineoquintile if expressed in terms of
lifetime income, proxied by annual consumption exgeire.

West and Williams (2004) examine the incidencerofrerease in the gasoline tax, using
total expenditure as a proxy for lifetime incoméey divide the sample into quintiles that
are intended to reflect individuals standard ofinkly even if a given level of total
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household income clearly needs some adjustmeritdiesehold size. Then an equivalence
scale is used: it weights adults and children dgubut allows for economies of scale in
consumption. The demand system is estimated sepafat each quintile using working
households that consume gasoline, separately ®oand two-adult households.

Their study appears particularly useful in order eamine the different options of
incidence measures that can be employed: West aflldhirid¢ perform their incidence
analysis adopting for different incidence measufés first of the measures they use is the
equivalent variation, which has already been usedther studies of the incidence of
carbon taxes (Cornwell and Creedy, 1997; Brannkmal Nordstrom, 2004). This measure
implicitly accounts for cross-price effects throuflle cross-price derivatives of the indirect
utility function; a problem of this incidence meeasis that the indirect utility function is
often unavailableThe second measure they consider is representad agproximation of
the consumer surplus change and requires muchidéssnation; it is shown in the

following equation

X po pl et 1 0
ACS, = hk T 1—( hk] +Y. =Y, (2.17)
; Em 1 pl?k "o

wherex, represents the initial consumption of gdqds is the uncompensated own-price
elasticity of demand for godd(which is allowed to vary across the income graup¥ is

the income and the indices 0 and 1 refer to sceséefore and after tax. On one hand, the
measure in equation ( 2.17 ) is much simpler tolement than the equivalent variation:
one needs to know only the spending on the taxed defore the imposition of the tax,
the percentage change in price and change in incwineed by the tax, and the own-price
demand elasticity for any good whose price chan@esthe other hand, this measure is
likely to differ from the equivalent variation fone reasons examined in Paragraph 2.3.3.
In particular, the cross-price effects in determgnthe incidence of a carbon tax have a
relevant role (Tiezzi, 2005), and one of the adages of Almost Ideal Demand System
(AIDS) and Quadratic Almost Ideal Demand System (Q®) is that they are sufficiently
flexible to provide meaningful estimates of crose® elasticities. The authors compute a
third measure very similar to ( 2.17 ): it diffesaly in assuming that demand elasticities
do not vary across households; in fact, the avedageand elasticity for all households is
used to calculate incidence. Demand elasticitiesvary likely to vary with income, and
then this third measure will overstate the incigemn income groups with relatively
elastic demand, and understate the incidence ampgrwith relatively inelastic demand.

100



For example, poor households may respond more ite @hanges than the wealthy,
because they have smaller budgets; on the othed, h&rnpoor people have fewer
transportation options, they may be less priceamspe. The last incidence measure
ignores demand responses altogether, and thuspiicitty assumes all demands are
completely unresponsive to price. In this casejdemce is simply computed as the
difference between expenditure levels before aner dhe tax plus the change income
resulting from the policy, according (2.18 )

Zh:(prlm = Pk + Yo — Yy (2.18)
This approach is used, for instance, by MetcalB@3o estimate the incidence of a range
of environmental policies, Poterba (1991) or W&&0d) of transport fuels taince it
does not reflect any demand responses (cross-prieavn-price), this fourth incidence
measure will differ from both the equivalent vawatand the consumer surplus (unless all
demand elasticities are equal to zero). In pawigut will tend to overstate the burden of
tax increases, because it ignores consumers’alidy from the newly taxed good. Again,
this difference will be insignificant relative the burden of the tax for a sufficiently small
change, but will become important for larger change

West and Williams (2004) compute incidence for tepresentative individuals: a
representative one-adult household and a repreésentavo-adult household for each of
the five quintiles. Then they calculate incidenoe €ach representative household and
aggregate the one and two-adult households in gaicitile, weighting by the fraction of
each household type in the quintile. Comparingdghasidence estimates across different
income groups demonstrate how regressive or preigees particular tax shift is. The
results show that the potential differences betwienconsumer surplus measure, that
allows elasticities to vary by quintile, and theurglent variation measures (cross-price
effects, income effects, and the assumption of restemt-elasticity demand curve) have
relatively little effect: the two measures yieldryeimilar results. Even considering large
price changes, the authors find out that theserdifices are sufficiently weak that taking
them into account makes little difference in theidence analysis. Comparing the two
consumer surplus measures (the first allowing iredm vary across households, the
second not), the authors point out the importarfcallowing demand elasticities to vary
by quintile. This distinction is particularly impgant in estimating the progressivity or

regressivity of the policy: assuming that demarakttities are constant across quintiles
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makes the gas tax look more regressive than iftielksss are allowed to vary across
quintiles.

Unlike Poterba (1989), West and Williams (2004)u®©n behavioural responses in their
incidence calculations and so estimate gasolineaddnelasticities by income quintile.
Ignoring behavioural responses, or assuming thessd@mand elasticity across different
income groups, makes the tax increase appear negressive: this is because lower
income groups have more elastic demands for gasofirplying an important reduction in
their burden. Behavioural responses play an esdeale, in particular in an economy with
a pre-existing labour tax. Almost none of the prstudies on distributive impacts of a
carbon tax estimate them: nearly all assume thsurke is separable from other goods in
utility, and many even assume that labour supplyixed. They finds out that upper
income quintiles are less responsive to gas pheages than lower-income quintiles. The
authors estimate short-run elasticities, which iegpthat households do not respond to gas
price increases by, for example, buying more fdltient cars. To the extent that
wealthier households may be more able than pocsdimlids to avoid gas taxes in the long
run by switching vehicles, the use of short-rursiétaies will result in incidence estimates
that are biased towards greater progressivity.

West and Williams (2004) consider three differesguanptions about the revenue raised by
the environmental tax: that it is discarded, thas used to cut taxes on wage income, and
that it is returned through a uniform lump-sum misttion. The first assumption implies
that the net wage and lump-sum income for eachdimld will remain constant: only the
price of gasoline changes. The second assumptiphesnthat net wages will rise because
the recycled revenue will lead to a drop in marbtaa rates. They assume that this is an
equal percentage-point cut in all brackets. Thedthissumption implies that household
lump-sum income will rise. They assume that trasisfer is based on the number of adults
in a household; thus, a two-adult household wileree twice the transfer a one-adult
household would get. In each case, they calculetaléemand for each good implied by a
given income and vector of prices for each of #qesentative households and then solve
numerically for the tax cut or increase in the lusym transfer (depending on how the
revenue is recycled) that will exactly offset timereased gas tax revenue. Their results
show that the gasoline tax is generally regregsia to revenue recycling. Regressivity is
reduced if revenue is returned through an equalepéage reduction in the marginal tax
rate on labour income for each income group. Sialbeur income is a greater fraction of

total income for low-income households than forhhigcome households, regressivity is
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reduced if revenue is returned through an equalgméage reduction in the marginal tax
rate on labour income for each income group.

Bento et al. (2005) estimate a random coefficigntsdel of vehicle choice and miles
travelled, and they simulate increases in the gasdax respectively equal to 10, 30, and
50 dollar cent per gallon; two different scena@we adopted, according to which revenue
Is rebated to households in proportion to theiroias tax payments and in proportion to
income. The authors find that with tax-based rangglthe impact of the tax across income
groups is close to proportional. With income-basedycling, on the other hand, low-
income households pay more as a percentage of entlmen high-income households.
Espey (1998) uses meta-analysis to determine iiétaee factors that systematically affect
price and income elasticity of gasoline: severahdsets and model assumptions were
employed in studying gasoline demand, and consélguanwide range of price and
income elasticities were estimated. The meta-aigghybcess cannot indicate what is the
“right” way of modelling demand, but it is valuabla evaluating the sensitivity of
estimates to modelling assumptions and data claistats. The study is based on a
review of articles published between 1966 and 1@8vering the time period from 1929
to 1993; many of these studies involve multiple eisdthat differed by region, by
functional form, by estimation method, or by theiables included. Four econometric
models are estimated, using long-run and shorprige and income elasticity estimates
from previous studies as the dependent variablesy explanatory variables include
functional form, lag structure, time span, natiosetting, estimation technique, and other
features of the model structure. Elasticity estemarather than the coefficient estimates
for price and income, are used as the dependeiables because they are unit-free, easily
interpreted, and comparable across studies.

In the studies included by the authors, the esamaf short-run price elasticity for the
demand for gasoline range from 0 to 1.36, with a&rrage of 0.26; differently, the
estimates of long-run price elasticity estimatedgefrom 0 to 2.72, with an average of
0.58. Short-run income elasticity estimates ramgefO to 2.91 (average 0.47) and long-
run income elasticity estimates from 0.05 to 2.@3(age 0.88). The basic result of this
analysis is that the variation in the estimateslasticities arises because of differences in:
the assumptions inherent in the behavioural modeédying the demand; the measures of

20ughort-term” generally means up to a year. Longrtetasticities tend to be about three times highan the short
term.
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guantity, price, income, vehicle ownership adopti@; countries included and the time
frame of the data; the specifications of the edtahadlemand function; the econometric
estimation technique. Linear regression is useduestigate potential causes of variation
in the estimated elasticity coefficients for fueinsumption, including variables which
model the demand specification adopted, data festugeographical and environmental
characteristics, and estimation technique.

The results of the meta-analysis corroborate theotimgsis according to which models
including some measure of vehicle ownership antl dfeciency effectively measure the
influence of price and income changes on drivinty,ornhile models omitting one or both
of these variables measuckanges in consumption through driving as well lasugh
changes in vehicle ownership or fuel efficiencyeiihthe exclusion of vehicle ownership
would be expected to positively bias the estimatedfficient on income, namely to
provide more elastic gasoline demand.

In general, cross-sectional studies tend to prodigmficantly more elastic estimates for
price elasticity, while cross-sectional-time sed@sa produced less elastic estimates when
compared to pure time-series studies. While thexe mot a significant difference between
studies that used state or provincial level ande¢hasing national level data, the estimates
from panel data and those from national level dagaificantly differ, with panel data
producing more elastic short-run estimates. Thighinbe due to the greater level of detail
and variation in the data available in panel staidi@hich may capture more subtle
responses resulting in more elastic estimates. Yeéghect to the difference between static
and dynamic approacHgsstatic models appear to overestimate short-rastielties and
underestimate long-run price elasticities, but thegk up the full long-run income
responsiveness.

The factors included in the meta-analysis carriedly Espey (1998) together explained
between one-quarter and one-third of the variattarmd in the elasticities: this is a low
explanatory power also considering that the esBohatlasticities already are highly
aggregated. A similar approach was applied by Gaoawal. (2004), although not with
exactly the same definitions as Espey: in particulze static results were separated out

from the dynamic results. The authors results capla;mn a high proportion of the

2 Dynamic methods of estimation are those — alwaysgume series data — in which allowance is maole &
progressive build-up of effects over an expliciiientified time scale. This is now standard in thel consumption
literature and increasingly common in the trafiterature. Static (or equilibrium) methods are thes either using
cross-section or time series data — in which thenmeo explicit allowance for any time scale of r@sge, which their
users hope relate to an end state, of indetermisdte when all responses have been completed.
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elasticities differentiation, taking out many imfaort sources of variation, for instance
between short- and long-run effects, or betweeactffon fuel consumption and traffic
volume. The authors find three main implicationisstf price elasticities are positively
related to price level, and will rise and fall aalrprice rises and falls; price elasticities are
also negatively related to income, and therefone te fall over time; finally, they have a
definite relationship with travel time elasticities

Many surveys have attempted to convey and synthéisezinformation on automobile fuel
demand (Espey, 1998; Graham and Glaister, 2002¢@iocet al., 2004): in most cases,
the focus was placed in giving assessments of the fikely values of price and income
elasticities, while trying to explain the differescbetween results. On the contrary, the
survey realized by Basso and Oum (2007) focuseb@narious approaches and methods
used, and which have sometimes challenged som&eohdcepted core results in the
literature. These approaches include: co-integnaechniques, use of disaggregate data at
the household level and flexible functional forrasd structural models of automobile fuel
consumption. In particular, studies that use diseggje data have shown that it may be
important to provide greater flexibility to the fttional forms used for the demand model
and, more importantly, that the demographic prefibdé households play a major role in
determining automobile fuel consumption. When deraphics are not properly included
in the demand model, their effects are partiallpteeed by the income elasticity. The
results from disaggregate data seem also bettexdsioi assess the distributional impacts of
different policies.

According to Goodwin et al. (2004), the main cosabn is that there is clear evidence that
gasoline demand elasticities are different in the@rtsrun than in the long-run. In the long-
run, there will be a significant response in gasoldemand to changes in price and/or
income. Hence, the range of responses open to @@oghe long-run is wider than the
short-run adaptation of driving less: costs of eudbile use influence people’s decisions
on car ownership, type of vehicle, and employmeui lrousehold location. Johansson and
Shipper (1997) support this result asserting thahe long-run, the largest fraction of the
response to changes in fuel price comes from clsaigear fuel efficiency. This also
confirms the widely held belief that in the longirwadaptation through driving less is not
the most important response and, therefore, fxelvith be more effective in reducing fuel
consumption than measures targeted at reducirfgtvatume.

Each approach offers insights on certain aspedisebfiemand while having different data

and estimations costs and, as shown, automobile demand modelling is a rather

105



dynamic field with a continuous flow of new papearwd, therefore, with many directions
for new research. In addition, Goodwin et al. (200dlieve that the application of formal
econometric decomposition methods to price andnre@lasticities would reveal rich
information for formulating gasoline conservatiomlipies, as they would allow to
decompose elasticities into various sources. Tinesiods, which were developed and
applied extensively in productivity and cost anyliteraturé?, have never been applied
in the gasoline demand literature.

2.4.2 Energy taxes

Gasoline can be assumed to be a final good, directhsumed by households, in fact
household consumption accounts for the bulk of lgasase. However, this assumption is
not reasonable for many other goods that mightaked on environmental grounds: for
example, direct household consumption accountomdy about two-fifths of electricity
sales. Electricity is an intermediate good in thedpction of consumer products, because
it is divided into industrial and commercial usefken, it is potentially important to allow
for increases in prices of other final goods thatiadirectly affected by the tax.

In their study of taxes on electricity, coal, nalugas, gasoline and other refined oil
products, Casler and Rafiqui (1993) compute pritects on 89 final goods consumed by
households, using input-output tables. They asdinatetaxes are fully passed forward to
consumers, and that firm’s input-output ratios aodsehold product demands are fixed.
They combine these price calculations with datatlwm 89 commodities by income
quintile, and income is measured on an annual békey find that the greater is the share
in output of the intermediate taxed good, the feggessive the tax. Overall, the tax burden
to income ratio for the lowest quintile is only nestly larger than that for the top quintile
across the different taxes simulated.

Bull et al. (1994) use a similar approach to amalysax based on energy content and a tax
based on carbon content. They consider a broadgeraf household income measures
than Casler and Rafiqui, including annual incomenual consumption, and lifetime
income. On the basis of annual income, the direntponents of carbon taxes result quite
regressive, while the indirect components are leggessive. On the basis of lifetime
income, the direct component remains regressive,thmi indirect component becomes

22Eor a detailed explanation and application of tlethrods for decomposing a firm’s or an industry’& oost changes
into various sources: changes in input prices, yrtide efficiency, output scale/size, and otherrapeg environments,
see, for example, Oum and Yu, 1998.
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mildly progressive; overall, the taxes look mucssleegressive on a lifetime income basis
than on an annual income basis.

2.4.3 Carbon taxes

Nichele and Robin (1995) assess the consequencésoofeforms in French indirect
taxation system, represented by VAT harmonizatiod aarbon taxation introduction,
levied at $10 per barrel of oil. The effects ofdbdax reforms are estimated adopting a
model of household expenditure behaviour. Estimasambtained by using the property of
perfect aggregation over household of the Almosaldemand System on pooled micro
data on household consumption and macro data oaspfihe aim of their contribution is
to provide an econometric procedure for matchimividual cross-sections and aggregate
time-series so as to estimate price effects ondimid consumption as well as income
effects. In theory, using perfectly aggregable dainaystems (Deaton and Muellbauer,
1980b) should make it possible to construct an egage version of the micro-economic
model; unfortunately, the aggregation generallyunes available statistics about the
dispersion of total expenditure in the entire pagah. In their paper, the authors control
for changes in income dispersion over time by idiclg trends and time dummies in the
estimation of aggregate data. Micro and macro egtims are then optimally combined
using a minimum distance econometric procedurendJghis theoretically efficient
procedure, simulations are performed in order twiple information about the behavioural
reactions to tax changes, the impact on governmexeinue and the distributional effects
of the reforms. Regarding the effects of the carteonon household behaviour, the tax
burden appears to be regressively distributed. Buetrong substitution effects, the
consumption of group heat and light increasessaprite increases; this has a significant
impact in the calculation of government revenue:dtierall prediction is a 1.17% increase
in government revenue.

Cornwell and Creedy (1997) study the introductidnaocarbon tax, assuming that the
prices of goods increase in proportion to theiboarcontent. They estimate parameters of
a linear expenditure system for different incomeugs, and then use these parameters to
calculate the resulting compensating and equivalaniations. On the basis of annual
income, the tax is regressive: both compensatinyeguivalent variation as a fraction of
income fall as income rises.

Symons et al. (1998) examine the impact of a catiaanon five European countries,
France, Italy, Germany, Spain and the UK: the taxdén faced by consumers varies
according to the proportion of total expendituieedted to each good and it differs across
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the income distribution. The results show differ@attterns: in Germany, France, and
slightly in Spain the imposition of the taxes ignessive, while this was not the case for
the UK and ltaly.

Metcalf (1999) analyses a revenue-neutral packdgeneironmental taxes, including a
carbon tax; prices of energy goods, electricityyured gas, fuel oil and gasoline increase
substantially, and although the overall packagedadisproportionately hit low-income
groups, it can be made distributionally neutral rder a range of different income
measures — through targeting of income and patawlteductions.

Labandeira and Labeaga (1999) examine the effdcéstax levied on Spanish energy-
related CQ emissions, considering a tax rate obtained thraighactual damage cost
method. Their empirical analysis proceeds in ttages: an input—output demand model is
employed to calculate the price changes after itreduction of carbon taxation, then a
simulation with Spanish household micro-data isfgrared, to estimates its effects on
final consumption. In particular, the environmenfial terms of behavioural responses),
distributional (in terms of tax payments and wedfaneasures) and revenue outcomes are
computed. A similar combination of input—output lgss and micro-simulation of
demand responses had already been used to assexotiomic and distributional effects
of carbon taxation (Symons et al., 1994; Cornwetl E€reedy, 1996). Employing an input-
output methodology allows to disentangle the compledustrial relationships which
characterize any developed economy: given the gksed dependence of contemporary
societies upon COemissions, the authors prefer not approximatertth@ences of carbon
taxes by focusing on a single sector.

A key assumption when assessing the effects ofl@onaax levied on fossil fuels on the
output prices is the full shifting of carbon taxetito consumption: this assumption does
not allow for general equilibrium effects such aamges in factor prices and pre-tax prices
of goods. Moreover, it is assumed that no subsiiuiakes place in production following
the introduction of the carbon tax, which is obwlyurelated to the incidence presumption;
therefore, the results should only be taken aa-sbrm approximation for the impacts of
taxes on inputs. As | will explain in the next ctexpl will adopt a similar approach.

Due to the generalised dependence of developesrtes upon C@emissions and to the
difficulties in modifying behaviours in the shonr, the hypothetical carbon tax would
raise considerable tax revenue. On the other hahd, carbon tax has limited
environmental effectiveness, since Labandeira atmkaga (1999) find a limited short-run

reaction to the carbon tax. The tax burden is egtassively distributed across households:
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the percentage increase in tax payments (relabitbe pre-reform situation) by decile of
expenditure appears to be proportionally distributdsing sub-samples corresponding to
some socioeconomic variables, it is noticeable tiwate are not significant differences in
the relative tax-payment increase by demograplisscl

Brannlund and Nérdstrom (2004) use data from Swedeanalyse a carbon tax with
revenue recycled in a reduction in the generaleraldded tax (VAT), or in a reduction in
the VAT on public transporiThe model utilizes micro and macro data and in vy
simultaneously relaxes assumptions of some previiudies, represented firstly by
separability between the labour-leisure and consimmghoices: labour supply is included
in the model so that separability between laboppsuand demand for non-durable goods
can be explicitly tested. The basic model employedssentially a two-stage budgeting
model. In the first stage, it is assumed that theskhold determines how much to spend
on non-durable goods and how much to spend on Bugalods (including savings). In the
second stage, it is assumed that the householdatdl its total expenditure for non-
durable goods on each non-durable commodity. Thley the quadratic AIDS (QAIDS) as
basic specification and model the differences insconption patterns between different
household categories by adding intercept and slog@meters in the budget share
equations of the demand system. They include immbeéel not only household income but
other household characteristics, represented byibeu of children 0-2, 3-6, and 7-17
years old, number of children over 18 years witkd anthout employment, number of
adults, age of the head of the household, anditoedtvariables. The preferences are
characterized in such a way that, in each pdtitiie householtt makes decisions on how
much to consume of the examined commodities, camdily on various household
characteristics and labour-market decisions (fenzedd male hours of work). To the
intercept term they also include a set of purekgdrinistic time-dependent variables, like
seasonal dummies and a time trend. QAIDS systesstisiated adopting the Stone index
in order to simplify the simulation; for this reason absence of the non-linearity linked to
the Translog Index, the authors can perform GMM tmal stages OLS estimators. The
basic motivation for the simulations is the Swedismmitment in the Kyoto-protocol: the
authors consider different scenarios designeds®ess the macro-econonas well as
micro-economic impacts on the Swedish econofmyarious policies to reduce greenhouse
gas emissions. The first scenario includes a 1008&ease of the COtax, with a tax
replacement in the form of a lower general VAT; #exond scenarimcludes a 100%

increase of the C{tax, but with a tax replacement in the forml@iver VAT on public
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transport. Thus both scenarios are revenue newtral, they were both considered as
options in a green tax reform. After having obtdimeice elasticities that vary by income
quintile, the authors simulate the effects of tag policies; they find that the tax is
regressive under the first recycling scenario,|&ss regressive in the second one.

Tiezzi (2005) simulates the ex ante effects on @bokls of the environmental tax reform
introduced in Italy at the beginning of 1999, takinto consideration different households
profiles. The environmental effectiveness of thecdl reform is analysed through
estimation of the demand elasticities for fuelg] anmpensating variation is employed in
order to investigate the distribution of the wedf@hange across different households types
and different expenditures levels. Tiezzi increasesthly prices linearly, by 20% per year
of the total rise to be achieved at the end offtheth year, as indicated by the Budget
Law. She squeezes the price increases to fourrrtithe six years (as provided by the law)
and for this reason the simulation is likely to gwoe welfare changes that might be
overestimated. After having obtained True Cost igirlg Indice$? for the no carbon tax
scenario §) and carbon tax scenarib){ monthly compensating variation (CV) for each
type of household and each welfare level was caiedl The difference in the
compensating variation calculated for the two sdesa andb indicates the amount of
income that would allow households to enjoy the esdewvel of welfare they would have
had without the fiscal reform. This is given by:

CVyy ~CVpi =(TCOLy, ~TCOLL )y, (2.19)
whereCV,} is theCV of householdh, at timet, at the welfare levei, calculated according

to scenaridb; the followingCV is the same but calculatedcording to scenarimand y

is the welfare leveh of householdh at montht (proxied by total expenditure). In order to
obtain an aggregate measure of the welfare chahgenumber of households in each
household and expenditure class has been multipjed coefficient (published by the

Italian National Statistical Institute) that convéne sample used into the real number of
households of that type living in ltaly in the exasd year.A relevant result is that

variation of welfare losses across different lewvaigotal expenditures does not allow to
sustain the presumed regressivity of carbon tamatie the cost of living of households in
the lowest income groups is not the most adveraéiiscted by the tax increases. The

results show, contrary to what has been foundheratimilar studies, that the tax burden is

% True Cost of Living Indices constitutes a devisedduce the comparison between two different stahdétiving
(represented by two different price systems) tingls scalar; for a detailed description of suctlides see Paragraph
3.5.
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progressively distributed across households aewdifft welfare levels. Since the reform
mainly hit transport fuels, and increased relatideks heating fuels prices, the presumed
regressivity of carbon taxation is not sustainesl Siith (2000) has pointed out, this result
might be due to households in the lowest experdievels not owning a car; indeed, in
the British study, when only car-owning househo#is taken into consideration, the
distributive effect became opposite. Concerningirenwmental effectiveness, the way
various individuals react to policy changes playsralamental role: the price and revenue
elasticities of transport fuels are very high, @oly due to availability of alternative
transport options.

Unlike other studies that consider proposed catib&res, Wier et al. (2005) examine the

existing CQ tax in Denmark, based on actual tax rates paiccitijrand indirectly by

households. They use input-output tables for thar V996, assuming taxes are fully
passed through to consumers in higher productgraxed a consumer expenditure survey
of over 3,400 households. On the basis of anngahie, they find that (excluding revenue
reutilization) the C@ tax is regressive and the direct component oftéxeaccounts for
most of the regressivity. This study confirms ttia regressivity can also depend on the
way income is measured: using total expenditures gsoxy for lifetime income, the
regressive effect is greatly reduced, though ntitedy eliminated.

Labandeira et al. (2006) continue the previousyamal(Labandeira and Labeaga, 1999)
exploring consumer choices in electricity, natugak, liquefied petroleum gases (LPG),
and car fuels for private transport; their demaystesm also incorporates public transport,
food and other non-durable goods. The authors diecldemographical explanatory
variables such as place of residence, househokl sige, education or labour force
participation: in this way, they can control forseloved heterogeneity in the energy
profiles of different households. A noteworthy admition of the paper is represented by
the estimation of the model with different sub-séapo capture varying responses to
energy price changes by households living in rurgermediate and urban areas. The
results show the relevance of including explanat@nyables capable to take heterogeneity
into account: in particular, a significant relattip was found between spending on
different energy goods and place of residence, ¢tmld composition and work status
(active or retired). For these reasons, | distigigdor this characteristics in my simulation.
As rural, intermediate and urban households ddaoat the same opportunities to consume

energy goods and transport services, Labandeah €006) find a gradual substitution of
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transport fuels and LPG, respectively with publiansport and natural gas, when the
population size of the municipality increases. Gonig price elasticities, the authors
show that energy products are rather inelastiqo@irs Electricity is the most elastic good,
in contrast to the price independence of natural ydith regard to income elasticities,
food, electricity and LPG are normal goods, natges, car fuels and public transport are
luxuries, whereas LPG constitutes the most incomeéastic energy source. Income and
price elasticities vary by grouping different typsEfshouseholds with respect to their place
of residence (type of municipalities): this has artpnt efficiency and distributional
implications, because some households have limpeskibilities to substitute energy
goods. Poorer households are more responsive togelaon energy prices, which is
obviously related to a larger share of energy daltexpenditure. Again, the authors
observe significant differences in some goods edlab the place of residence, and these
findings have important efficiency and distributgiconsequences.

As price elasticities indicate only a limited shtatm effectiveness of pricing policies to
restrict Spanish energy household consumption, n@ddiea et al. (2006) suggest that other
regulatory approaches should be contemplated. @leltricity consumption seems to be
fairly price sensible; on the contrary, car fuehded is found to be particularly price
inelastic, and this implies a formidable challenfyg public regulators due to the
uncontrolled and unsustainable pattern of consumpises seen in the last decades.
2.4.4 Other taxes

Even if West (2004) considers a particular kindeovironmental tax, such as a motor
vehicle tax, her contribution could be useful imarto highlight some methodological
issues. She integrates behavioural responses intocalence analysis of motor vehicle
taxes and subsidies. The policies she considera e on vehicle size, a mileage tax, and
a subsidy to vehicle “newness”. She finds that bbokls in the lower income deciles have
more elastic demands for miles travelled than thwghe higher income deciles. Looking
at estimated tax payments as a share of lifetimmenne (proxied by annual consumption)
without considering behavioural responses, or asgyithe same demand elasticity across
different income groups, the tax appear more regresinterestingly, the tax payments as
a share of income, or consumer surplus changesaara of income, become larger from
the lowest decile to the middle deciles, but thalh dnd drop sharply for the top decile.
Some of this impact is due to the fact that loweime households do not own a vehicle:
the regressivity of the tax is greater when onlydeholds who own vehicles are

considered.
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To conclude, ashort synthesis of quoted studies controversiakaspwill be given.
Focusing on the system employed in order to estirnahsumption changes, the majority
of calculations use the same demand system andtivarycidence measure. It might be
interesting for future research to compare theltesd alternative approaches that vary the
assumptions made in the estimation, holding thiel@mce measure fixed.

Households welfare losses can be confronted wightéix revenue expected from the
introduction of the tax, in order to allow for agsible compensation; the revenue is often
calculated without accounting for behavioural resas: this produces a distortion in the
revenue available for redistribution. On this suobjé& would be necessary to remove the
hypothesis, generally adopted in consumption chamgéculation, that firms completely
transmit on prices the higher costs resulting fittva emission tax introduction. It should
be noted that even using an input-output framewlods not directly allow for substitution
possibilities in production, and this gives risetta opposing biases in the model. If
substitution possibilities do exist in productidit are omitted in the analysis, the post tax
pollution level is overstated, since the tax wotddise a shift of techniques such that goods
produced were less pollution intensive. Howevebsstutability in production would also
reduce the incidence of the tax on consumer prened,therefore on consumer behaviour,

thus lessening the effect of the tax on pollutieduction.
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Chapter 3

3.1 The empirical assumptions
The analysis of the allocation of family income goods and services is of interest to

economists and policy makers because examining e income elasticities helps to
clarify the impact of economic policies. ldentifgimelevant factors and their magnitude
will give producers the ability to forecast marldstmand and it will help government to
select appropriate fiscal policies. In additiongmlwv policy reform which implies price
changes will produce welfare redistribution amormudeholds: analysing households
expenditure patterns over time can help to highligh social impacts of taxation reforms
(Musgrave and Musgrave, 1989).

Demand studies could be classified into two braaegories. The first group is concerned
with finding a model explaining the relationship @mg the quantity consumed of a single
commodity, its price, the prices of related comniedj and total income. Such a demand
model can be considered as part of a demand systamit can be tested for theoretical
properties (such as homogeneity of degree zergicepand income). The second group
deals with the allocation of total expenditure toexhaustive set of different commaodities.
It is usually assumed that the problem of decidiogg much to consume at any given time
has been solved, concentrating on the problem lfcatlon. The demand system
underlying my simulation is a model belonging te tfecond group, represented by an
extension of the Almost Ideal Demand System of Deand Muellbauer (1980b) and
Quadratic Almost Ideal Demand System (Banks etl@97). | will estimate both models
and then test the quadratic term significance. Takgw the expenditure on specific
commodity groups to depend on both the price df ghaup and the relative price of other
groups together with household characteristidg.study focuses on incidence of carbon
taxation on household consumption, ignoring thdriistion of the external benefits.
Incorporating such benefits would probably redwoeliurdens for all income groups and
may have important distributional effects if thenbBts are unevenly distributed across
income groups.

When a tax is introduced, the full burden is natassarily borne by consumers. Part of it
may also fall on producers (in the form of loweteraf return on capital) and workers
involved in taxed goods production or other goddstlie form of lower wages). In this

sense, the overall tax incidence can be calculatédin a general equilibrium framework,
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because it generally depends on the market steietod on the price elasticity of supply
and demand. In particular, low price elasticity ddmand and high price elasticity of
supply imply that the largest part of the tax burde borne by consumers whereas in the
opposite case most of the tax burden is borne bgymers. The longer the time period
over which factors can adjust, the more the costhef policy is borne by consumers.
Focusing on the introduction of a carbon tax, ia tbng run capital and labour would
leave carbon-intensive industries until returngatdors in those industries reflected returns
throughout the rest of the economy. An ideal measirtax incidence would begin by
calculating the general-equilibrium changes in ggi¢hat would occur throughout the
economy in response to the change in the tax aatkthen computing the effects of those
price changes on households welfare. It shoulddiednthat | do not allow for possible
general equilibrium effects. Calculating such efeequires a great deal of information,
most notably the demand and supply elasticitiesafiorelevant sectors, together with the
distribution of ownership of firms in those indueg. Thus, for simplicity’s sake, many
incidence studies assume that the supply of conswgueds is perfectly elastic: in
particular, it is assumed that a carbon tax isyfwhifted forward to consumers and
increases the price of goods in proportion to tharbon conten&or energy goods at least
(e.g. ail), which are traded on international cotitpee markets, and in the case of a small
open economy, this hypothesis is reasonablee price changes produced by carbon
taxation can be regarded as equivalent to a satlvect taxes on consumer goods. In this
case, distributional effects are determined by demeelasticities and market
characteristics. In my analysis | will assume thatentire cost would be passed forward to
the consumers.

My goal here is not to produce a perfect estimétihe incidence of the gasoline tax, but
rather to compare different measures of incide@ieen a particular set of price changes,
the question is how to measure the effect on haldeWelfare. | compare different
incidence measures, namely equivalent and compegsariation, which are computed
using the demand system estimates for differensélooid profiles.

The empirical model | develop is inspired by thanmiework employed by Brannlund and
Nordstrom (2004), who analyse the implementationtleé carbon tax in Sweden,
hypothesizing revenue recycling in a reductionha general or public transport value-
added tax. The authors take the QAIDS as basicifsjaion and they model the
differences in consumption patterns between diffeteusehold categories, by adding

intercept and slope parameters in the budget stprations of the demand system. For the
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analysis of the demand for various goods that afatively energy intensive, | will
consider only current expenditure in non-durabledso Regarding this issue, | will not
follow Brannlund and Nordstrom (2004), who estindadetwo-stage budgeting model.

My empirical work, devoted to the Italian case, haen particularly inspired by Tiezzi
(2005); I will integrate the analysis she pursuedstdering the welfare effect generated on
different households profiles and macro-regionstifesmore, my empirical model will not
only analyse the Italian carbon tax proposed in81®®it it will simulate other scenarios,
hypothesizing an impact only on certain groupsamds (fuels, heating fuels) or choosing
different excise augmentations; doing this, | Wi able to compare the distributive impact
corresponding to each scenario and its potentgdessivity. The period during which
consumption will be examined covers nine years fi@®7 to 2005.

With regard to methodological steps, | will folld8ymons et al. (1998), who conduct their
analysis in three stages. First, | will calculdte thanges in prices caused by changing the
tax rate; | want to specify that | will not analybe effect on prices using an input-output
approach, but | will simply add excise rates insesaon consumer prices. The empirical
model will be used to study the taxation of finabogs, directly consumed from
households, rather than to compute the price isere# other final assets, indirectly
influenced by the introduction carbon tax. Secohayill investigate the expenditure
patterns of consumers; third, the price changeseattfrom tax increases will be linked to
consumer demand and the implication for consumdides estimated by calculating the
effects of those price changes on household welfavél use True Cost of Living Indices
rather than other price indices, following Tiez2005): they have the advantage of making
the measure of welfare change more precise bypocating behavioural responses. When
information about households expenditure functi®ravailable, the calculation of exact
measures of welfare change, such as compensatthgaaivalent variation, is fairly easy
and gives more reliable information about welfanargges and distribution of the burden

of a tax reform.

3.2 Some technical issues on demand systems
When estimating a demand system, one has to laokhéomore adequate specification

referring to the studied problem, in particulathe specific taxation reform and the goods
concerned. This issue must be satisfied assurirlijeasame time demand system theory
constraint verification and providing a robust emmetric basis. Moreover, it is important

to find the correct level of aggregation betweenstoners, which enables to understand
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both the aggregate effect of a policy reform arsl distributive impacts on different
households’ expenditure patterns.

3.2.1 Aggregation over goods and consumers

To be useful for most policy analysis applicatidasge complete demand systems need to
be specified in terms of disaggregated commodititsvever data requirement may be
prohibitive if, at the same time, one wants to paeametric specifications that are not too
constraining, such as standard flexible functiof@ms®. Moreover, the theory of
consumer behaviour is based on individual consupreferences. Data are usually
available for aggregate commodity groups and aggeegroups of consumers; then some
conditions are needed, which allow to consistettdat aggregate groups of commodities
and consumers, given that the theory is based ororeconomic relationship. The first of
these problems, aggregation across commoditiespéas solved by using separability
concepts and by imposing restrictions on the prabdelved by consumers. Typically a
separable structure for consumer preferences ismess that allows the consumer’s
expenditure allocation problem to satisfy multigtdgudgeting rules. A simplified two-
stage budgeting is possible under two alternatoreditions: homothetic weak separability
of the direct utility function, or strong separatyilof the direct utility function into group
sub-utility functiongGorman, 1959). Utility function is weakly sepamldl and only if the
marginal rate of substitution between two commeditbelonging to the same group is
independent of the level of consumption of a thomimmodity in any other group.
Conversely, strong separability implies that thegmal rate of substitution between the
two commodities is unaffected by the consumptionaothird commodity which may
belong to the same group of commodity. Additivefgmences are closely related to this
concept: preferences are additive if the direditytfunction, except for a monotonic
transformation, can be written as the sum of dgfféfunctions that can be expressed only
in terms of the quantities of commodities appeaimghat particular group. The Linear
Expenditure System is an example of a system difreen additive preferences.

In general, what is required is the aggregation cohsumption into a composite
commodity. One way to do this is to invoke the Hidleontief Composite Commodity
Theorem, which states that a group of goods catrelaged as a single aggregate if their
prices move in parallel. In absence of the Hickefiteef aggregation, an alternative

approach is assuming separability of the commddityvhich there are data from all other

24 For a definition of flexible functional form, seadgraph 3.3.
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goods. This suggests that changes in welfare camdmsured using a single demand
equation as long as demand patterns are consisidntthe separable structure of the
utility function. In general, preferences of thigpeé require strong elasticity equality
restrictions among the goods that compose the csit@pocommodity; tests of weaker
forms of separability usually reject it. Note aldwmt this form of separability does not
actually solve the data problem that often motiwagengle equation methods. Without
aggregating goods, collinearity of prices resulinsignificant parametersstimates, since
each equation in a demand system depends on ttespof all goods in the system. If
prices of goods within groups were perfectly caan then, by the Hicks (1936) and
Leontief (1936) Composite Commodity Theorem, thdireearly priced goods can be
aggregated and the resulting aggregate demandnsysik remain integrable. Lewbel
(1996) provides a generalization of the Hicks-Lefn€Composite Commodity Theorem
that allows aggregation without separability, untlee more realistic assumptions that
within-group prices are multicollinear but not getly collinear.

Grouping goods into aggregates is generally rali®ech by assuming preferences are
separable; different forms of separability exist&l dhey have different theoretical and
empirical implications on preferencedtrong or additive separability is rarely used asro
goods, because it imposes constraints on prefesetheg are often empirically violated
(Deaton and Muellbauer, 1980a); this kind of sepiéitg is generally assumed to hold
only across time periods. In practice, weak hontathseparability represents the form of
separability more often assumed: in fact, it radimes the standard practice of
constructing a price index for each good and afgisi to divide total expenditure on that
good in order to define quantities. Weak homothetgparability implies that cost
functions, direct and indirect utility function m®ss all the same properties as the
corresponding functions of individual goods.

Although direct weak separability is neither neeegsior sufficient for standard two-stage
budgeting, it provides the necessary and sufficieonditions for the existence of
conditional (second-stage) demand functions, ddfioely on group prices and group
expenditure allocations (Pollak, 1971). Such cood#@ demand functions typically
depend on a small set of variables and some erapsgiadies have pursued the estimation
of second-stage demand functions in isolation.tFseparability assumptions usually
result in the reduction of unknown parameter tesigmated: in fact, the demand analysis
can concentrate on aggregate commodity group. dilig/s to focus on food demand, for

instance, expressed as a function of the pricesad items and total food expenditure.
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Price changes in other commodity groups affect fqpaahntity demand through their impact
on total food expenditure. Even if in certain case®nditional analysis can provide useful
information, generally conditional demand paransetge only of partial interest for policy
analysis, so that such a widespread approach istignable. Economic analysis and
political questions often require to recover unagbadal demands and, under direct weak
separability, to estimate both first-stage and sdesiage expenditure allocation functions.
If one insists on not weakening the assumptionireict weak separability, then estimation
of a complete demand system requires a consissraimetric specification for the two
budgeting stages. While second-stage demand funscttan easily be derived by Roy’s
identity applied to a specification of the (sep#atgroup indirect sub-utility function,
derivation of first-stage expenditure allocatiomdtions appears more difficult, requiring
an explicit solution of the conditional utility miawization problem.

Moreover, separability restrictions are not imposethout some costs. It is usually
stressed that separability implies strong restmtion the elasticities of goods contained
within groups. Furthermore, using the same pricexnfor every households implies that
goods are purchased in the same proportions wifoaps: on the contrary, it would be
more appropriate to construct price indices thay \aaeross households. A popular choice
is Stone’s index (Stone, 1954a), given by a welaeerage of the log of the prices of
every aggregate good, whose weights are the holdsehoverage expenditure shares on
these goods. Furthermore, strong separability €pegrice aggregation) implies that there
exists an approximate linear relationship betwegrepnd income elasticities. This very
serious limitation runs counter the most empirieggults, even if conditions for perfect
price aggregation underlie a certain number of istalje complete demand systems. In
any case, these conditions are often deemed tor@tiee and for this reason more flexible
forms that not impose additivity should be adoptedtempts have been made to model
demand based on the hypothesis of direct weak aleibgr only.

Generally, it is worth to be mentioned that all émcpl results should be treated with some
caution, because if the degree of aggregation agoeds is quite large, the aggregation
across households involves some approximations ecoimgy the total expenditure
distribution, and standard assumptions such a% @xogeneity, time separability, and
common functional forms across agents may be @dlat

Regarding the problem of aggregation across consynam issue of importance for
empirical analysis of consumer behaviour is theddans that guarantee the existence of

theoretically consistent aggregate demand. Thibeisause consumer theory describes
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individual unitary households behaviour, but selvsrgnificant empirical issues require
the ability to make statements about aggregate deénihe two most common situations
that call for aggregate demand are: 1) time sez@snation from aggregated data 2)
welfare effects about the aggregate consumer. Houaluapproach has been assuming
identical preferences across consumers, expresammples in the demand function in per
capita terms, and turning to the “representativesamer” argument. More specifically, it
is assumed that expressing aggregate demand fanctper capita terms, the theoretically
micro or individual results approximately carry ove the aggregate or market demand
functions. But this has little theoretical foundati it is necessary to obtain some
conditions under which consistent aggregation a&cresnsumers is permitted. If
preferences belong to a Price Indipendent Generhalimear class (PIGL), then market
demand can be represented as if it was the outadnuecisions taken by a rational
representative consumer (Deaton and Muellbauer,0d)98Data on demographic
composition of households or population, and then distribution of demographic
characteristics in the sample examined, enabl@ve h detailed description of purchasing
behaviour. The knowledge of demographic charatiesislistribution plays a key role in
the comprehension of the consumption patterns’ ugawl at aggregate level: for this
reason, it is important evaluating the impact oésth characteristics on individual
consumption choices. This problem can be reconddotéhe issue of aggregation among
individuals: the question is if a synthetic repregaéion exists, which models purchasing
behaviour in a consistent and not excessively ictisg way. If disaggregated data on
household consumption are available, it is posspkcify models that reflect households
heterogeneity, determined by the presence of diffedemographic characteristics (see
Paragraph 3.4).

3.2.2 Rank

According to Gorman (1981) results, in exactly aggible demand system integrability
imposes the restriction that the rank of the matfixEngel curve coefficient$ can not
exceed three. Lewbel (1990) defined the concegtilbfank functional form in demand
systems estimation. This information is very impattbecause full rank demand systems
provide parsimonious representations of incomectffdn fact, a demand system that is

not full rank has terms that are linear combinaiohother terms, which means that there

%5 For more details on Price Indipendent Generalize@dr class of preferences, see Paragraph 3.3.
26 Being the Engel curve Marshallian demand holdinggodonstant (q=g(x)), the matrix of its coefficienntains the
derivatives of demand with respect to income.
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are redundant parameters that do not add inform&tiohe functional form. Since degrees
of freedom are usually a concern in most econometudies, parsimonious functional
forms are important.

The rank of any demand system can be defingdeamaximum dimension of the function
space spanned by the Engel curves associated ttethand system (Lewbel, 1991). This
definition allows the concept of rank to be empbbyeferring to any demand system,
extending the previous definition of Gorman (198Mich only applied to exactly
aggregable demand systems. In other words, the inalidates the flexibility degree that
Engel curve can have with the chosen demand systmmuification. For example, a
demand system having all linear Engel curves i& tauo, unless the Engel curves are all
rays from the origin, in which case it is homotbeind hence rank one. Quadratic Engel
curves can be either rank two or three. Any demsystiem has rank R if R goods exist
such that the Engel curve of any good equals ahtaigaverage of the Engel curves of
thoseR goods. More formally, the rank of any given demagstemg(p,x)is the smallest

value ofR such that eacf) can be rewritten as

g =g (pxm=Y" g (p.m(pxm (3.1)
for some functiongg, and f,. All demand system have raR N, the number of goods.
Generalizing Gorman (1981), when utility is homaitedly separable into L groups of
goods, then the rank of the demand system is arlbwend on L. Furthermore, if the
household utility function is a social welfare ftaoo over M homothetic sub-utility
functions associated to each of dlemember of the household, then rank is also a lower
bound onM (Lewbel, 2003). Exactly aggregable demands aréuufecause, as their
name implies, they can be summed across consumeyieltl closed form (though not
necessarily representative consumer) expressioregfiregate demands (Jorgenson et al.,
1982). On the other hand, the fact that utility idedt demand systems must be
homogeneous of degree zeroximndp greatly limits the types of Engel curves that the
demand system can possess.

Rank has numerous implications for separability,fimctional form, and for aggregation
across goods and agents. Most conditions requeddgregate demands to resemble
those of a representative consumer require eitnge one or two. A demand system has
rank one if and only if it is homothetic, meanirwt all income elasticities equal one.
Homothetic demand systemg(p,x) = a(p)} and Gorman polar form demand systeis (

(p,x) = a(p) + b(p)Y result in budget sharepigi/x, that are constant across the income
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distribution. These systems are known as rank @meadd systems: that means that the
rank of the matrix of derivatives of demand witlspect to income (proxied by total
expenditure) x, is one. This implication is too restrictive foramy commaodities, even if
acceptable for a small group of commodities. Beeaighe limitations of these functional
forms, an adequate representation of demand fot owamodities requires functional
forms that are of rank greater than one. Theoretsdrictions on demand, such as Slutsky
symmetry, place strong restrictions on the ranklehand systems. Gorman proved that
the maximum rank of exactly aggregable demand sysste three: this implies that adding
terms that are cubic or higher in income will nddaew information to a demand system.
Lewbel (2003) highlights how asserting that utiliyaximization requires demands to have
rank three or less constitutes a misinterpretatiborman (1981) results. In fact, these
results only apply to the class of exactly aggrégatemand systems (namely, utility
derived demands that are exactly aggregable), wlelebel (1991) has shown that all
demand systems have a rank. Then, rank can berhigirethree in not exactly aggregable
demand systems, namely in utility derived deflatecbme demands, without violating
utility maximization. To support this point, thethar proposes a large set of rank four
demand systems which possess two important featthreg are consistent with utility
maximization and they nest commonly used exacttyregable demand systems of lower
rank as special cases. Differently from utilityisded demands that are exactly aggregable,
derived deflated income demands must have ranktlhess or equal to four. The author
aims to construct a demand system which has ramkwahout violating rationality. After
having elaborated a parametric formulation for saclysterfY, it is used to parametrically
test the null hypothesis that the rank is threeldss) versus rank four, without imposing
irrationality under the rank four alternative. Thenctional form used is log polynomial
and it nests popular models like the Translog, Atrideal, and Quadratic Almost Ideal

demand systems. Apart from testing, the new funatiftorm developed by Lewbel (2003)

2" The “Nearly Log Polynomial Rational Rank Four Dem&ys$tem” is derived considering the class of indiredity
functions given by

-1

. [In[x a(p)] b(p)] +d(p)
c(p)

wherea, b, ¢, andd are functions of prices. Homogeneity requires thahdd be homogeneous of degree zero and that

expp) anda be homogeneous of degree one in p.

Applying the Roy identity a deflated income demaystesm can be obtained which have rank four, pralitiat no one

of the functionsa, b, ¢, ord can be written as a function of the other threee Tdnk three QAIDS (Quadratic Almost

Ideal) model of Banks, Blundell, and Lewbel (199@)als the special case of this model in whigh) = 0, and the rank

two Almost Ideal Demand System of Deaton and Muaeitly (1980) equals the special casa(pf = 0 andd(p) = 0.
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could turn to be useful when estimating systemsravhdarge number of different goods is
included and then where demands of high rank apestied.

Often income distribution tails contain significanbn-linearities: rank could be lower
when lowest and highest expenditure level houseshatd dropped from the sample. For
this reason, the popular AIDS and Translog modetigh are PIGLOG, then they have
budget shares linear in total expenditure) fit Erogeve data relatively well, but they are
inadequate for encompassing households in tails.E®gel curvature in the upper and
lower income quintiles does not provide an effextpreferences’ representation when
consumption is aggregated across consumers ofcalivie levels.

3.2.3 Flexibility

Perhaps because of computational limitations, tlaeliee demand systems used
specifications that could be estimated using liraonly slightly non-linear regression
methods. In his pioneering study, Stone (1954agld@ed and implemented the Linear
Expenditure System and, much later, Hausman (1ffl)sed his attention to functional
forms that could be estimated using linear regoesgtven if easy to implement, linear
demand functions may not be sufficiently flexibterheasure demand responses to price
and expenditure changes. The estimated elastiatiag reflect the functional form
assumed rather than the demand patterns reveakbe lokata. Out of this concern grew the
development of what have become known as “flexibabetional forms”: any specification
is likely to be incorrect, and the best one canehfgp is an approximation to the demand
or utility function. Functional flexible forms haueeen widely used in economics in order
to approximate direct utility functions or cost @tions. Albeit a flexible form is defined as
a second order Taylor approximation of an arbitrfanyction (i.e. an utility function) it
should be remarked that it is possible to makerémiee on the empirical results only in the
local point in which the second order approximatreatly fits the theorethical general
form. The principal flexible form is the Translogiliy function, that possesses enough
parameters to approximate any elasticities at angpoint.

A demand system specification is said to be Die&974) flexible if the values of the
Marshallian demands, their derivatives and the fiosttions can locally approximate the
demand of any utility function. In other terms, yrean all equal the corresponding values
of any integrable demand system at one valyg aidx. In most datasets the variation of
total expenditure levels across consumers is daitge, whereas the amount of relative

price variation is limited. Therefore, given an qdate specification of Engel curves,
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almost any Diewert flexible specification for theige effects will be appropriate for
modelling specific datasets.

The flexibility issue often refers to another kindl problem, linked to the negativity
property. Focusing the attention on the AIDS systima coefficients of the Slutsky matrix
are not constant but depend on prices and incotgerding to the equation

X X
S =— |y W, —O. W. ' B.In| —
Ij D pj |:yu +VVIW] |1VV| +ﬂ|ﬂ] n( Pj} (32)

Then the inequality restrictions of negativity caolchonly locally, for some specific
values of prices and income, so that Slutsky matoefficient became constant. For
example, the sample mean can be chosen as norealigoint and, in this case, the
matrix of substitution effects will be negative seatafinite at the sample mean. In order to
solve flexibility issue, a meaningful approach abide represented by imposing local
curvature in consumer-demand systems (Diewert arade$y 1987; Ryan and Wales,
1998). Moschini (1998) used this technique to ingposrvature locally in the Almost Ideal
demand system as a step in the development of iflesble Almost Ideal model. When
the unrestricted parameter estimates violate cotygcasne can restrict the rank of the
Slutsky substitution matrix, which in generalis1) for the case of goods, and consider
a model with a rank a substitution matrix of rd¢é¥(n-1). This procedure may be useful to
achieve convergence of the parameters of the locaticave model, and it is known as the
semi-flexible technique. Restricting the rank oé tbubstitution matrix in such a locally
concave demand model thus vyields the Semi-flexiblimost Ideal Demand System
(Moschini, 1998), because the price coefficienesestimated with less information.

The “bottom line” of discussions on flexible functad forms risks to be one of a trade off
between plausible economic models with many themletestrictions versus possibly

better data fitting with less economic foundation.

3.3 Demand system estimation
There are two different approaches to the derivatibnheoretically plausible demand

systems, that can be also connedtethe distinction between choice based demandyheo
and preference based demand theory (Moro, 2004). fireke one starts withthe
specification of a particular utility function (Wddehaved, that satisfies certain axioms of
choice) to be maximized. After having considered budget constraint, maximization
yields a set of simultaneous demand functions. €&hbased theory is only concerned with

rational choice as defined by axioms of revealedfguence: it is agnostic about the

124



existence of preferences behind choices. This appras based on choices, which are
directly observable. On the contrary, preferenceelademand theory (the classical
approach) is directly based on consumer theory l@gins with axiomatically defined
preferences, deriving rational choices from themtedrability is concerned with
determining whether observed demand functions alnerent with consumers preferences
system and utility maximization process: it is thagionalisation that gives to the areas
under demand curves economic welfare implicati®as.this alternative approach chooses
an arbitrary demand system and then it imposesiagshs on the system of demand
functions, such as homogeneity conditions or Siussknmetry constraints.

More precisely, all theoretically plausible demaystems should satisfy four properties,
the so-called integrability properties: adding-npmogeneity, symmetry and negativity.
According to the adding-up restriction, budget skanf both ordinary and compensated
demand functions sum to one; equivalently, bothnamy and compensated demand must
sum to total expenditure (Walras law):

> pch(pu) = P, (p,X) = X (3.3)
V\;herehk represeknts the Hicksian demand apthe Marshallian demand for each of the k
goods. Homogeneity states that the purchased gewehin the same if all prices and
income increase by the same proportion. Hicksiamasels are homogenous of degree
zero in prices, whereas Marshallian demands areogenous of degree zero (jo,x); then
(3.4) holds

h (6b,u) =h (p,u) =h (p,v(p, X)) =a (p.X) = g (&b, &) (3.4)

Slutsky’s symmetry condition asserts that the suhgin effects matrix is symmetric, that

is to say
oh (p,u) _ oh;(p,u) (3.5)
ap, op;

Shephard’s lemma enables to rewrite symmetry ptpperterms of cost function second
order derivatives:
d%c(p,u) _ 0’c(p,u) (3.6)

0p,0p; op;0p,
and the Young Theorem ensures the equality constigauerified. Both homogeneity and

symmetry can be checked by imposing parametricgiticion on the demand systems
parameters.
Finally, negativity restriction is also related the compensated price elasticities and

implies that the matrix of substitution terms (Skyt matrix) must be negative semi-
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definite®. This, in turns, yields to non-positive diagondéneents, which represent
compensated own-price derivatives. Alternativelys trestriction can be expressed with
reference to compensated demand curve, which neustoltvnward sloping (the law of
demand must hold). This property can be checkeinppsing inequality constraints, and
for this reason its tests are more complicated thase of the previous ones.

These properties have relevant implications on aelhsystem estimation, because they
assert that in a demand system composea lgpods there are onlg-1 independent
expenditure shares, thus they allow to estimatg o+l parameters. Moreover, following
Engel aggregation, only-1 income elasticities are independent; finally, lgeanoss-price
elasticities matrix symmetric, there are on{y-1)/2independent cross-price elasticities.
Following this approach, the parametric form foe thtility (or demand) function is
assumed to be the same for all households. Obgsrsain expenditure patterns are used
to recover the utility function and measure thenges in welfare resulting from actual or
simulated policies. Heterogeneity is accountedofpoallowing preferences and demand to
be functions of household characteristics, wheraasbserved differences can be
accommodated through the stochastic specificatidineoeconometric model.

Looking at the properties of indirect utility fummt and the expenditure function one can
note that convexity/concavity and homogeneity ammmon functional features of these
functions. The sample fact that these functionshmaefined as solution of optimization
problems implies convexity/concavity. Instead, hgemeity is a direct result of linear
objective functions or constraints in the optimiaatproblem that define the function. One
important property associated to homogeneity i¢ tha function is homogeneous of
degreek then its derivative is homogeneous of dedgtee The expenditure function is
homogeneous of degree 1 in prices and therefoee Hibksian demands, obtained by
applying Shephard’s lemma to the expenditure fongtare homogeneous of degree 0 in
prices. This feature has well-known implicationscohsumer theory: in fact, if all prices
rise by 20%, Hicksian demands should be unchanfiedso total expenditure rises, the
same holds for Marshallian demands.

With regard to the budget constraint, and in palkdic deriving it with respect to total
expenditure, significant observable restrictiongraome elasticities of demand come out.
In very simple words, it is not possible for allagis to be luxuries or to be necessities

(Engel aggregation). On the other hand, deriving bladget constraint with respect to

28 Referring to the underlying expenditure functions froperty ensure its the concavity in prices.
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prices entails restrictions on the price elastiatydemand (Cournot aggregation). Own-
price and cross-price effects can not be too largwo small; these restrictions are not as
strong as the restrictions on compensated cross-pifects from Hicksian demand,

because Marshallian demand includes income eftectaell as substitution effects. For
example, since the expenditure function is con@ayices, own-price elasticities must be
negative (the diagonal elements of the Hessianhef éxpenditure function must be

negative). Being the Hicksian demands homogenebutegree O in prices, the sum of

cross-price compensated elasticities from Hicksddamand should be equal to zero, a
stronger restriction than the restriction on theadhallian demand elasticities.

A different kind of problem is linked to the fachat the expenditure level which

rationalises the aggregate budget shares may chérge prices change because in
general aggregate expenditure depends on pricesrder to avoid this problem, the

condition that aggregate expenditure x is independ€ pricep needs to be imposed. So

expenditurex must take the forma

Xy (3.7)

)—a

v=x7 vV, =
° " (kh(p)

or alternatively
v=1In(x,) v, =In(x, /k,) (3.8)
wherek is a price indexand h index distinguish different households. Consedyetite

form of macro expenditure functions will be either

e(p.u,) =[(a(p)” + (B(p)) o] (39)
or
c(p,U,) = (a(p))*’b(p) (3.10)

These functional forms are called price independgnteralized linearity, PIGL (Deaton
and Muellbauer, 1980b); in ( 3.8 ) budget shareseapressed as a functionlofx, as one
can see by inverting the expenditure functiond the indirect utility function:

In(x/b 3.11
V(p.x) = MO/ B(P) (311)
In(a(p))
Thus, the derivatives with respect to p will bedtions ofin x: due to this property this

functional form is called PIGLOG. It is the basistite most widely used demand systems,
as for example AIDS and Translog models. Anothemfof PIGLOG preferences can be

obtained by taking the Ilimit of ( 3.9 ) as—>0. In order to ensure that
ac(p,u,)/0p, >0 i , s replaced byp(p)’-a(p)”, whereb(p)>a(p); then one obtains

Inc(p,u,) =Ina(p) +In(b(p)/a(p))u, =Ina(p)L-u,) +Inb(p)u, (3.12)
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By normalizing utility so that its range will be theeen 0 and la(p) and b(p) can be
respectively interpreted as subsistence and bligsraliture levels.

The first attempt to compute a demand system has bede by Stone (1954a), who has
estimated a demand system directly based on comsimeery. He has adopted a LES
(Linear Expenditure System), proposed by Klein Ruadbin (1947) and Samuelson (1947).
Later developments have made flexible functionadFRF more used specification of
demand system. This notion has been introducedibywédt and Wales (1987): flexible
forms are first order Taylor approximation of soaritrary demand function or second
order approximation of some cost or indirect wtilinction. They are employed in order
to approximate functions of interest which are wwkn and unobservable; for these
reasons, FFF must satisfy some theoretical pr@sesand have a certain number of free
parameters, so that they can be considered a ggwdxamation. Demand theory provides
a large number of flexible functionfdrms to describe the preferences of a represeatati
household without assuming too strong prior resoms. In particular, two flexible forms
have been widely used, the TRANSLOG and PIGLOG rhdde first one represents a
second order approximation of an indirect utiliynétion, whereas the second one a
second order approximation of a cost function. $tamdard approach in the computation
of expenditure share equations has hitherto beeassome a particular form for the
functions, and to estimate the parameters of thattion by minimizing some criterion
function (either ML or GMM); some examples followhe Working-Leser (Working,
1943) model posits that household expenditure skgretions are log-linear in total
expenditure. The Almost Ideal (Deaton and Muelbali®@B80b) system also hypothesizes
log-linear budget shares at any price vector; dbfidy, the Integrable Quadratic Almost
Ideal (Banks et al., 1997) model has non-lineareskguations.

Among the many demand specifications in the litegtthe Rotterdam model and the
Almost Ideal Demand System have often been apphedonsumer demand systems
modelling. They are based on flexible functionainfe, so they do not put a priori
restrictions on the possible elasticities, i.eythessess enough parameters to approximate
any elasticity at a given point. These two modaiglp due their success to the possibility
of being estimated without relying on non-lineatimaation and of imposing and testing
theoretical restrictions with ease. In additiore &iDS model has other attractive features:
the properties of the preference relations fromcWwhit is derived are known and it is
generated from a known cost function with the agebproperties. Deaton and Muellbauer

(1980b) pointed out the striking similarity betwetrese two models, showing that the
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AIDS model with linear price can be rewritten irifeience form so that it has the same
dependent variable as the Rotterdam model expressdxbolute prices.

Different options available for demand system estion will be described in the
following sub-paragraphs, in chronological ordeyjng to highlight developments that
have been made and to explain controversial isdBasagraph 3.4.2, instead, will be
entirely devoted to the description of a recentceored demand system (Lewbel and
Pendakur, 2008), which takes into account demoggaphouseholds characteristics and
for this reason because of its particular strucheeds to be estimated on individual data.
3.3.1 Linear Expenditure System

An early functional form that was used to condunpeical studies of consumer behaviour
is the Linear Expenditure System (LES; Klein andbiRu 1947; Stone, 1954a). It is
obtained by solving the primal consumer optimisagwooblem. Let assume consumer has
a direct utility of this form

U :Zﬁiln(qi_ai) (3.13)

where q denotes the consumption of the ith good @il the committed consumption,

with g>a;, 0 < 4 < 1 and the normalisatiorEi,Bi = 1. Maximization subject to the

budget constraint= zi p.q, gives rise to the linear expenditure functions:

(3.14)
PG =a,p +4 X_Zaj P;
i
Dividing equation ( 3.14 ) bk one can obtain LES in terms of expenditure shares.

Parametersr represensubsistence consumption level of each good, ihjit@lirchased by

each individual; residual income{;x—zjaj pj) is allocated among different goods

according to the8 parameters, which represent marginal expenditusees, constant with
LES.

Concerning demand properties, LES satisfies homatgeand adding-up by construction.
LES is a demand system linear in income and itvderifrom quasi-homothetical
preferences. It is the only demand system theailbtiplausible where expenditure for
every good is a linear function of prices and ineort is important to notice that the
assumed linearity of the Marshallian demand fumsti@an cause severe problems if
economic data do not reflect this assumption. Agylas the duality occurs, the cost
(expenditure) function has to be concave in pritas: hypothesis directly affects ( 3.14 ),

asf3i has to be strictly positivén particular, the expression for income elasti€dyg; /0 x
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= G | p) demonstrates one of the limitations of the linegpenditure system. Then, the
linear model fails to consider the existence otiitr goods in the consumer’s basket.
Intuitively, it means that all the consumer’s assate substitutes; moreover, the linear
model implies a Slutsky matrix such that the etatstito expenditure is strongly correlated
to the cross-prices elasticities. This hypothesifardly verified in economic data, then
estimating LES constitutes a restrictive framewlmrkmany empirical analysis. One of the
limitations of the Linear Expenditure System isttita Engel curves are straight lines,
while econometric tests have often rejected onetancparameters Engel curves in favour
of three parameter functional forms.

Then, even if the linear system proposed by Std®&4b) is directly derived from the
demand theory and it represents a powerful instniteeperform consumers analysis, it is
better to consider how other models can satisfithiberetical requirements allowing for a
better fit of real data.

3.3.2 Translog

Another class of logarithmic functional forms istfranslog class (Christensen et al.,
1975). This class generalizes the Cobb-Douglastifume form by adding quadratic terms
to the log-linear terms in the Cobb-Douglas functi@he addition of quadratic terms
represents an approach frequently used by fleXibietional forms. The idea of flexible
functional forms is to specify functions containiry number of free econometric
parameters equal to the independent economic ptgesrtbat need to be estimated. This
specification implies that budget shares are inddget of income. In other words, the
specification requires that consumers at all poaitgg the income distribution allocate
their budgets identically. This is a consequencthefhomotheticity of the indirect utility
function. Homothetic functions are not useful féwe tspecification of indirect utility
functions because they imply that Engel curves sdraight lines emanating from the
origin. The behavioural interpretation of this pedy is that demand is proportional to
income, or budget shares are independent of incoime;is obviously an unreasonably
restrictive assumption.

Implying that consumers have identical budget shae all points along the income
distribution, the homothetic Translog model is t@strictive for modelling consumer
behaviour. So another member of the Translog ctdssodels is needed to model
consumer behaviour.

A widely used model is the log Translog model whings an indirect utility function that

Is specified as:
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v(pX)=-Ya In(p ’X)‘%Zzﬁu In(p, /) 1n(p, /%) (3.15)

By using Roy identity, ( 3.15 ) lead to the followjibudget share equation
av/dln pi_ai‘*zjﬂu In p,—‘zjﬂi,- In x (3.16)

ov/iainx 1+ > Binp,
The designation log Translog has been assignedadtigcR and Wales (1969), others

s(p,X) ==

simply refer to it as the Translog. Both ( 3.15§i¢ 3.16 ) are difficult models to estimate,
because they are non-linear in the parametersprinal errors are assumed, it is fairly
straightforward to estimate the model by maximukelihood. Pollack and Wales (1969)
observe that another difficulty of this class of dals is parameters interpretation:
differently from linear expenditure system and Batam models, the Translog parameters
have not straightforward meanings so that elagschave to be calculated.

3.3.3 Rotterdam

The Rotterdam model (Barnett, 1979) is one of i@ flemand systems, together with
LES model, to be based on consumption theory. it ba obtained starting from

Marshallian demandy=q;i(p,x)) total differential:

3.17
q| d +z qld ( )
ap;
It can be rewrltten as
ding =gdiny+> &dinp, (3.18)
i

In this specification, differently from LES, pricglasticities are not assumed constant.
From equation ( 3.18 ), employing Slutsky equatad multiplying byw;, one obtains
wding =we (dIinx=>Y wdinp,)+> wr,dinp, (3.19)

j i
The parameterg; represents the elements of the Slutsky matrix: themmodel allow to
determine whether the different goods are substiduicomplements, without imposing the

restrictions wich characterized LES.

The absolute prices version of the Rotterdam misdgiven by

wding =g(dinx=> wdInp,)+> 7dinp, (3.20)
] ]

The factor (dInx—ZWden p, xan be interpreted as proportional changes in
j

expenditure.

Using the budget constraint, an equivalent formxgression ( 3.20 ) is represented by
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wding =8dInQ+> mdinp, (3.21)
]

Wherew,dIng => w,ding;.
j

W,Alng, =6AINQ, +> mAlnp, (3.22)
wherew, =1/2 (wj - W.H;

Differently from other functional forms, which aegproximation in the variables space
(quantity, price and income), the Rotterdam modah de better interpreted as an
approximation in the parameters space. Then, whieAIDS or Translog models can
represent an exact preference system, the Rottemtzarel cannotunlessadopting strong
restrictions. In particular, the Rotterdam modedftiocients can be constant only if income
and direct price elasticities all equal one. To swanze, the Rotterdam model is a valid
linear approximation of any demand system, buthdusd not be referred to a specific
representation function: in this case the modelffments can be interpreted only as
constant approximation of the real ones. HoweveyyiMain (1988) demonstrated that the
Rotterdam model can be interpreted as an approximat the variables space and that its
coefficients can be referred to a cost functiontihis result, the model is as flexible as
any other functional form and its approximatioma inferior to the one provided by any
other model.

Although it has almost fallen into disuse becausdsomany documented problems, the
Rotterdam system has the previously unrecognizetueviof depending only on
differenced, and hence possibly stationary, pritesvbel, 1985).

3.3.4 AIDS

The Almost Ideal Demand System has been deriveBdgton and Muellbauer (1980b)
from a specific class of preferences which repressarket demands as if they were the
outcome of decisions by a rational representatoresemer (under the hypothesis of exact
aggregation over consumers). The models presemtiedebdo not explicitly recognize the
agents preference structure, as they simply maeirthe representative agent problem,
ignoring the aggregation requirements. Deaton andlMauer (1980b) propose a different
approach, which reckon in aggregation and satisfiesproperties of theoretical demand
functions. In order to aggregate individual data astimate the market demand, it is

useful to investigate whether the Marshallian dessagiven byq = f,(x,p ) can be

represented only as a function of the aggregatenieclevel, without imposing the strong

condition for which the aggregate income mean issimered the only approximation of
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the income distribution. The authors suggests thiaén Engel’s curves are non-lineatr, it is
possible to determine a generalised linearity dosmdunder which the aggregate demands
are function of a representative income level, Wldepends on the degree of non-linearity
of the Engel curves.

In order to define a representative consumer, direcat utility functionv(x; p) and its
corresponding cost functiar(u; p) have to be defined. The Marshallian demand funstio
can be derived directly from the cost function sifis price derivatives are the quantities
demandedc(u, p)/0p, = q,. Multiplying both sides byp, /c(u, p We find

dinc(u,p)/ainp, = p,q,/c(u, p) =w, (3.23)
Then, Deaton and Muellbauer (1980a) demonstrates e cost function of the
representative agent must take the form:

c(Us, P) = 6]y, a(p).b(p)] (3.24)

( 3.23) can then be rewritten as:
_0In@ dlna +0Im9 dlnb

W, (Ug, P) =
o P) = Ginaaing, “anbainp (3.25)
but, sinced is homogeneous of degree laiandb, it becomes:
dlna dlnb
(U, P) °3inp ( o)aln 0 (3.26)

If we consider the special case in which the experal levels are independent from

prices, the representative cost function is given b

1
c(u, p) = [a(p)* @-u,) +b(p)" U |- (3.27)
in which a characterizes the form of the Engel's curve apnds the utility of the
representative
agent.

Whena tends to zero, ( 3.27 ) becomes:

Inc(u, p) = - u)Inf{a(p)} +uln{b(p)} (3.28)
These preferences are known as the PIGLOG classaendconnected to a cost or
expenditure function ( 3.28 ) which defines the imum expenditure necessary to attain a
specific utility level at fixed prices. In parti@ar, a(p) and b(p) can be regarded as the
prices of the intermediate goods that define tre fonction, namely subsistence and bliss:
the utility, in fact, lies between 0 (subsistene&d 1 (bliss). For a utility-maximizing
consumer, total expendituxas equal tac(u,p)and this equality can be inverted to give the
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indirect utility function, wherau is a function ofp andx*°. In this way one can obtain
AIDS demand functions in budget share forms.

Let us consider a cost function PIGLOG such as emud 3.28 ) wherea andb are a
function of prices, respectively homogenous of degine and two in prices

Ina(p) =a, +> a;In H%ZZVH Inp,In p, (3.29)
i i i

Inb(p) =Ina(p) +b,[] P/ (3.30)

The Hicksian demand functions in budget sharesvioffom Shephard’s lemma:

Wi:ai+ZyijInpj+,8iu|_| p; (3.31)
i j

By inverting the utility function, the following gxession of demand function (Marshallian

budget shares) can be obtained
w =a,+> y,Inp, +B[Inx-Ina(p)] (3.32)

j
The Almost Ideal Demand System functions add ugl tpenditure, are homogeneous of
degree zero in prices and total expenditure, atsfg&lutsky symmetry. Without changes
in relative prices and real expenditupeand x), the budget shares are therefore constant

whereas changes in relative prices work through tédrens y; and changes in real
expenditure through thé coefficients.

AIDS uncompensated cross-price elasticiti#sand income elasticities are respectively
given by:

g’ :ﬁ—ﬁi&+%[lnx—lna(p)]—5ij (3.33)
W wWooW
& =5 1w +1

where); andG; are estimated coefficients adgthe Kronecker delta, equal to one when

i=j] and zero otherwise. Conversely, the compensated-@rice elasticitiergjC are given

by:

Q?:ﬁ+wj +%[|nx_|na(p)]_5ij (3.34)

W W

When the model is in expenditure share form withepand income variables expressed in

logarithms price and income elasticities can baiolkd with the following expressions:

%9 The indirect utility function provides the theorsti background to obtain demand system budget sltateerent with
consumer behaviour and utility maximization; siitds clearly not observable, in order to derivalget share equations
one must invert it.
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ow, Z (€ +3 )W (3.35)
dIn p, ! v
ow,
L =(e -Dw
TN x (& —Dw,

The linear version of AIDS can be computed, whise TRANSLOGiIndex (In a(p)) is

substituted by an easier to compute index, for gptar8tone index

w =a,+Y yInp, +5[Inx-InP] (3.36)
i
where INP=>"w,Inp,.
k

In this case, the expressions of Marshallian incahasticity, Marshallian and Hicksian

price elasticities are given by:

B +
= 4]
| W,
VY W,
Ch —Wji—ﬁiwi‘—dj (3.37)
_Vi
Q?‘ﬁ_wj_dj

Consequently, the constraints related to theolghicerties satisfaction can be expressed

as

Homogeneity >y, = 0
]

Adding-up Y a, =1 Yy, =0 > B =0 (3.38)
Symmetry Yi=Vi
Negativity matrix J; +w, w; —J;w, | must be negative semi-definite

In models expressed by means of budget sharegyarilomic form, income and price

elasticities can be derived using these equations

ow
L _=(&. +J. )W
aln j ( ij ij )VVI
aw (3.39)
= (& -Dw,
dlny

The popularity of the AIDS is certainly relatedit® properties. As other demand systems,
simple parametric restrictions allow symmetry aminbgeneity of degree zero both in
prices and income to be handled. In addition, dehfanctions resulting from the Almost

Ideal model possess non-linear Engel curves, whtléhe same time, allowing for exact

aggregation across consumers. This property idaltige fact that preferences underlying
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the Al model are of the Generalized Gorman Polam® a class that includes some other
popular models such as a version of the Translagadd system. Non-linear curves imply
that, in the event of a necessary good (incomeagtie), an increase in income not only
decreases the share of income allocated to that gab also reduces income elasticity.
Another reason for the popularity of this modelthat, while satisfying the number of
desirable properties already enounced, a lineaoappation can be estimated. The linear
Al model specification employs a Stone price indexl it gives an arbitrary first-order
approximation to any demand system. It should mofdogotten that this linear model is
not itself derived starting from a well-specifiegpresentation of preferences, and so it is
worth being considered only as an approximatioth& integrable non-linear Al model.
Hence, it is important to guarantee good approxongbroperties for the linear Al model.
Unfortunately, these properties are likely to bieetkd by the fact that the Stone index is
not invariant to the choice of the unit of measuwsatrfor prices and quantities.

Empirical application of the AIDS can encounterasthroblems. Firsthe model does not
explicitly consider concavity of the expenditurendtion (that implies that the Slutsky
matrix is negative semi-definite), so that estim@tresults often violate this condition.
Secondthe model can become prohibitively demanding im&of data requirement, as
the number of good being examined increadasparticular, while the number of
parameters to be estimated increases quadratitddynumber of effective observations
increases only linearly. For large demand systestadistical properties of the estimated
model can be affected by a degrees of freedom @mublA procedure to solve this
inconvenient could be saving degrees of freedom réstricting the substitution
possibilities across goods, then by diminishing rdrek ofthe Slutsky substitution matrix
(Moschini, 1998).

3.3.5 QAIDS

Lewbel (1990) has shown that a generic demand raystast take one of the following
forms: homothetic, PIGL, PIGLOG or quadratic. Thenothetic form is a rank one
demand system whereas the PIGL and PIGLOG formsaatetwo demand systems. The
guadratic logarithmic demand functions have ranledhand they are the basis of the
Quadratic Almost Ideal Demand System. The PIGLOnfthas budget shares that are

linear in Inx and the QAIDS has budget shares that are quadraticx. Then, the

% Gorman’s aggregation result can be generalizedebigidg the representative consumer through busigates instead
of quantity demanded. This generalization definkal®G preferences and allows the Engel curves todpelinear in
expenditure.
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PIGLOG functional form allows budget shares to waith log income in a linear manner,
whereas the QAIDS allows budget shares to varylmearly inInx.

Banks et al. (1997) specified the Quadratic Almdsal Demand System and generalize
the AIDS adding a non-linear income term to therslemuations. They derive a new class
of demand systems that add higher order incomestéontog income in the expenditure
share equations. This is consistent with utilltgdry and allows flexible relative price
effects, providing a practical specification fomwEnds across many commodities (using a
pooled data set of UK households).

Thus PIGLOG share equatiofis= Ai(p) + Bi(p) In(x/P)are generalized to:

S = A(p)+B,(p)In(x/ P)+C,(p)g(x/ P) (3.40)

In particular, in equation ( 3.40 ) th& (p)g(x/P teym allows for non-linearities and, at
the same time, it could be near zero for the gadush are characterized by linear Engel
curves. The rank of equations system ( 3.40 ) aain& rank of théix3 matrix of Engel
curve coefficients, with rowsq (p):Bi:C; (p)] for goodi. This matrix has three columns so
that this value corresponds to the maximum poss#rik of the equation system.

The authors specify the log indirect utility furosti as a generalization of the indirect
PIGLOG utility function:

] B " (3.41)
InV(p,%) :{(""Xb(';;‘(m] +A(p)}

The functionsin a(p) andb(p) have the same parametric restrictions as the AtioSel

and we also have the restrict@"n]/}j =0. When Ap) is independent of prices, the

indirect utility function ( 3.41 ) becomes equivaldo the PIGLOG class which includes
the Almost Ideal and Translog models. Using bottaeetric and non-parametric tests, the
authors demonstrate empirically that the quadiagarithmic utility function appears to
be the best rank three functional form for modegliitemand.

Applying Roy’s identity, share equations for the IQ& are given by

! X ) o (3.42)
e i )

The functionA; in equation ( 3.40 ¢orresponds to thigh In p derivative ofin a(p) and the

same holds foB; andC;. This functional form is obviously a generalizatiohthe AIDS,
which adds a term that is quadratic in the log efladed income. This allows for non-
linear changes in budget shares with respect togthg in prices or income levels. It also

provides an easy way to test for these non-lin#acts, by testing the null hypothesis that
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the parametersli=0. For example, Tiezzi (2005), at an earlier stafjher analysis,
specified the demand system as a QAIDS, but atiein tested the significance of the
guadratic parameters rejected this functional forhe model had therefore been restricted
to the AIDS form.

To calculate QAIDS elasticities, the expenditurarshform of the model ( 3.42 ) must be

differentiated with respect tax andinp;, to obtain respectively

ow, 2 X (3.43)
M = — =L +——qIn| —

dInx b(p) a(p)

2
ow, 2A. X
= L =y —ul(ag + Inp.)+—"{|n| —=—

M=o — i (a, Zj‘,V.J p;) b(p){ {a(p)}}
Budget elasticitieg are given by
& =4 1w +1 (3.44)

Banks et al. (1997) find that, whe¢his positive andl is negative, this elasticity is greater
than unity at low levels of expenditure and becdess than unity as the total expenditure
increases: then, the concerned good has the chas#ics of luxuries at low levels of total

expenditure and of necessities at high levels tfierauthors, this is the case of clothing

and alcohol).

With regard to uncompensated price elasticiq'jés their equations are represented by

QJM:/v/ij/Wi_dij (3.45)
whereg; is the Kronecker delta. Using the Slutsky equatibe,set of compensated

elasticitiesg can be computed

e =¢e' +ew, (3.46)
and the symmetry and negativity conditions candsessed.

3.4 Demographic variables in demand system estimati
In this paragraph | will survey different ways totroduce demographic variables in

demand system estimation. In particular, Parag@&ghl will describe two techniques,
demographic translating and scaling; Paragraph2 3mll deal with EASI, a demand
system which considers demographic variables; Papag3.4.3 will shift the attention on
welfare comparison, differentiating by householdfis, carried out using equivalent

scales.

31 with respect to the AIDS model, the computatioretzsticities clearly follows the same steps: fas tleason the
analogous of equations ( 3.44 ) has not been iediud the previous paragraph, focused on the diegliAIDS
functional form.
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Consumer demand patterns typically found in micatadsets vary considerably across
households with different characteristics and Ievef income. This requires — and
discouragesny different one — an approach based on the cemagidn of demographic
and other variables that allow to identify homogenbouseholds groups.

3.4.1 Demographic translating and scaling

Demographic translating and demographic scaling alternative procedures for
incorporating major determinants of household comsion patterns, such as age and
number of children, into complete systems of demegdations. Both methods can be
decomposed into three steps: 1) specifying a clalssddemand system for every
demographic profile; 2) indicating the parametersicv depend on the demographic
variables; 3) finding, for each of these parametarsunctional form relating it to the
demographic variables. Demographic translatingdermdographic scaling differ just the
way they specify which parameters depend on derpbgraariables.

Demographic translating is basically an introductad demographically-varying constant
terms in demand equations. One may demographisedile and translate budget shares of
goods, instead of quantities. This is a natural laytroducing demographic variation in
models like the AIDS or the indirect Translog systevhich are fundamentally budget
share models. For example, AIDS has constant temntise equations for budget shares
instead of in quantity equations. To let these tanis vary demographically represents an
application of demographic translating. Demograghanslating introducea translation
parameter(d;, ...
depend on the demographic variables. The speddicas completed by postulating a
functional form relating the translation parametéos the N demographic variables
(nz ..nn). For instance, linear demographic translatingfisnational form like

i . (3.47)
D (’7):d| +25ir,7r
r=1

and it adds at most x N independent parameters to the original demancesysif the
original demand system is theoretically plausilbieen the modified system will also be
plausible. When translating is used to introduce demograph&racteristics into complete
demand systems, there is a close relationship eetwdemographic variables and
consumption patterns. A change ip causes reallocation of expenditure among the
consumption categories but total expenditure remaimchanged, so any increase in the
consumption of some goods must be balanced by @@ the consumption of others.

The sign of the effect on the expenditure shara ohange inj; cannot be inferred from
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the sign of its effect ordi: there is no a priori presumption that an increasea
demographic variable such as family size will @ase rather than decreage since
changes in parametedls regardless to their direction, imply a reallocatof expenditure
among goods leaving total expenditure unchangddhe last result holds also when
demographic scaling is used.

Demographic scaling is a general procedure forrpm@ting demographic variables into
demand systems, and it follows very similar stepthé demographic translating approach.
Demographic scaling can be considered as a comyngjicific adult equivalent scale; it
first introduces n parametefisy, ..., m) into the original system, then postulates thay onl
these depend on demographic variables. The speaiin is completed by postulating a
functional form relating these parameters to demplgic variables. For example, linear
demographic scaling is given by
M (7) =1+ igmr (3.48)
The distinctir\;le feature of demographic scalinghis way in which it introduces the scaling
factors into the original class of demand systemh'(p, x)} which is replaced by the
modified system:

h'(p,x) =mh'(pm, p,m,.......p,m,, ) (3.49)

If m is interpreted as reflecting the number of eq@inthdults in the household, measured
on a scale appropriate to gogdhen preferences and demand behaviour can bediew
terms of demographically scaled prices and quastitit should be mentioned that, as it
was for demographic translating, formally ther@as even a presumption that an increase
in a demographic variable will increase rather thimcrease then parameters. Under
demographic scaling the effects of changes in deapdgc variables are closely related to
the effects of price changes, and this is mostlgiessible in elasticity form. Even if adult
equivalent represent the oldest and most commasey umethod of introducing variation
into demand equation, the problem with this techeaidgs that it only permits a very
restricted range of demographic effects becaugbeotlose link with changes in prices.
Sometimes because of the difficulty of modelling timteractions between these two
different kinds of effects, many easier potentiadels have had to be ruled out. Some
extensions have been proposed, such as demogmapadricead or translation terms, and
they help to alleviate the problem, even thougly tleenain quite restrictive.

The main alternative to demographic and translasrg take specific demand equation or

system, and let some of its parameters vary dempbgmally (Stoker, 1979). This
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procedure allows for virtually any set of interaetidemographic and price effects, but
does not have any general applicability, being ifigeo the given starting model.

Lewbel (1985) proposed a method according to whidistions of demographic variables,
prices and expenditures are introduced into thé @enditure) function of a demand
system. Using the so-called modifying functionsy demand system can be modified to
contain scaling and translating terms that aretfans of prices and expenditure levels, as
well as demographic or other variables. Modifyinmdtions represent a large middle
round between the extremes of individual model rication and scaling and translating
approaches. What is given is a large class of plessiodifications, having both universal
applicability and flexibility to allow the interaioh of demographic variables with prices
and expenditure in an almost unlimited variety cdys. The method is to introduce
functions of demographic variables into the costcfion of a demand system. The
modified demand system can be written directly &sation of the original system, so the
effect of modifying functions on the demand equaionay be directly assessed, without
consideration of the cost or utility functions imwed. Modifying function can be
interpreted as representing household technolotliesnodified utility function equals the
original utility function evaluated at the valuek demographically varying intermediate
goods.Modifying functions are indirect specification dfet correspondenag=g(q, r), the
functional form g which connects demanded quantity to input goodsq and
demographical variables Demographic scaling and translating are all spexases of
modifying functions (Lewbel, 1985). Introducing degnaphic variables via some
transformation of a cost function, that is to salesting some parameters and letting them
vary demographically, is completely dependent @ndkact functional form of the chosen
demand system, and then it lacks the general atylity of modifying functions. Rather
than specifying a class of cost functions with @ertproperties, modifying functions
represent a class of cost function transformattbas preserve certain properties. So, the
modified cost function inherits the properties bé tstarting cost function that makes it
legitimate.

In particular, |1 will employ this technique to obstaa demographic modified AIDS (or
QAIDS) system which will take into considerationmidy type and the geographical area
of residence. More precisely, the Translog indeklva expressed by

Ina(p,a) =Ina(p)+>_ A(a)In(p,) (3.50)
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whereA (a) :zkaikak, parametersa, are linear in the translating interce@sa;...a

(which will represent family type, geographical aend season)zkaik = 0 Ok verifying

the adding-up property. The AIDS cost functionZ83) becomes

Inc(u, p,a) =Ina(p,a) +ulnb(p) (3.51)
It will be used to estimate the following demandtsyn

3.52
Vvi(p’aix):ai+zkaikak+2jcij In pj+b,|n(%j ( )

wherelnP*=InP+ Y a,a, In p,.

3.4.2 EASI

This sub-paragraph will be devoted to the desaniptif a demand system which allows for
the introduction of demographic characteristics wherking on individual consumption
data; then, this functional form represents a pgaksolution to the problematic issues
linked to aggregation among individuals, namely ttee limits imposed by the
representative consumer approach.

Lewbel and Pendakur (2008) consider a consumerdeithographic (and other observable
preference related) characteristizsthat faces thel-vector of log pricesp. Hicksian
demand functions associated with the utility maxzeion problem, which express budget
sharesw as a function op, z, and the attained utility levei, can be easily specified and
have many desirable properties.

Given the log nominal total expenditures_ewbel and Pendak2008) show that, under
some conditions, log real expendituseérdinally equivalent tal) can be expressed as a
simple function ofw, p, z and x. This result is used to directly estimate the albed
Pseudo-Marshallian demands, which are Hicksian ddmafter replacingy with vy.
Noting thatp'w is the definition of the Stone log price indexdis, 1954a), the authors
define the Exact Affine Stone Index (EASI) classcoét functions, wherg is equal to an
affine function of the Stone index deflated log moah expendituresx — pw. Their
demand system has several positive characterigttush can be resumed as: to be linear
in parameters, linear ipand polynomial irz andy; not have any rank restriction; to have
error terms that equal preference heterogeneitglltav for an approximate version that
can be estimated by linear regression.

Differently from standard methods, that obtain MiatBan demands from Hicksian
demands by solving for u in terms @fz andx, the authors construct cost functions that

have simple expressions for log real expendiireterms ofw, p, zandx, and substitutg
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for u in the Hicksian demands to yield what they calew®o-Marshallian demand
functions. In this way, they circumvent the diffiguof finding simple analytic expressions
for indirect utility or Marshallian demands. PsetMarshallian demands can easily
incorporate unobserved preference heterogeneiige ghe error terms equal the random
utility parameterss. More in details (and not including for now prefiece heterogeneity),
the Exact Stone Index (ESI) demand system is repted by a cost functid@(p,u) whose
preferences verifyy=x-pw, so that real expenditures, which hold utility stamt when
prices change, are equal to Stone index deflatpdrahtures.

Shephard’s lemma relates Hicksian (compensated)diighares to regular cost functions
by

w=a(p,u) =0,C(p,u) (3.53)
Having an ESI cost function, u can be substitdatlin the Hicksian demand functions
w=cayp,u) to obtainw=cap, x-pw. The name, Exact Stone Index, is aimed to contvéht
the approximate Almost Ideal demand system, whedsx -pw as an approximation to
deflatingx by a certain quadratic function of p. InsteadamESI cost function, the Stone
index is the exact correct deflator for The idea is to construct models where utility is
ordinally equivalent to some simple function of eh&ble variables, in this specific case
Stone index deflated nominal total expenditures.

ESI Hicksian and Pseudo-Marshallian budget shawvesgss the unattractive feature of not
changing when all prices are squared, and then riinest either be independent of p or
non-linear in p. To avoid these problems, a germatabn is proposed, represented by
Exact Affine Stone Index (EASI) Pseudo-Marshallidemand functions. Thereby,
homogeneity restrictions required by the ESI alaxexl. Specifically, instead of imposing
the ESI restriction that be ordinally equivalenk-pw, the authors define EASI cost
functions to be functions that have the propergt this ordinally equivalent to an affine
transformation ok-pw. So, the general class of EASI cost functiongsesented by

C(p,u) =u+ p'm(u) +T(p) + S(p)u (3.54)
for some functiong (p) and S(p) homogeneous of degree zeropinin order to explicitly

include both observable and unobservable sourcpeetdrence heterogeneity, the authors
define both arL-vectorz = (z... z)’ of observable demographic (or other) charactesistic
that affect preferences, and continue to debe aJ-vector of unobserved preference
characteristics (taste parameters). The log coskpenditure function is now= C (p, u,
z, &, which equals the minimum log-expenditure requifed an individual with

characteristicg, ¢ to attain utility levelu when facing log pricep. Typical elements of
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would include household size, age, and compositdrsimple way to include these
variables in the cost function without interferimgth required price homogeneities is
including them in the vector of functioms(u) and allowing the observable components to
enter T and S. Including preference heterogeneity in the moteth from observable
sources z and unobservable souée following equation is obtained

C(p,u,z,&)=u+p'mu,ze)+T(p,2)+S(p,2)u (3.55)
This broad class includes the following parametriodel, which the authors take as

baseline case for empirical work:

5

L
C(p,u,z,&) =u+ p'{Zb,u’ +Cz+ Dzu+£}+%22, p'A p+% p'Bpu (3.56)
1=0

r=-1
where eaclhy is aJ-vector of parameters withi joo =1,1’; by =0 for & 0.

By Shephard’s lemma, this cost function has Higk¢@mpensated) budget shares
5 L
w= > 'bu’ +Cz+Dzu+ > zAp+Bpu+e (3.57)
r=-1 1=0
It can be checked from these formulas t@e;b,u,za):u+p'w-zrzo z,A p/2-p'Bpu/2 and

solving this expression farimplies that log real-expenditurgsan be written as an affine

transformation of the log of Stone Index deflatednmal expenditures:

L
X=p'w+> zZp'Ap/2
- 1=0
y 1-p'Bp/2
Since log real-expenditures are ordinally equiviaterutility, they can be substituted into

(3.58)

Hicksian budget shares to yield Pseudo-Marshallisadget shares

W:ibryr+Cz+Dzy+iz,Ap+pr+£ (3.59)
Aparrt_ ;rom the construcI::[(i)on of, the Pseudo-Marshallian demand equations ( 3&@ )
linear in coefficients, which simplifies estimatioim this model theD and B matrix

parameters allow for flexible interactions betwegeand bothz andp. Either or both of
these matrices could be zero if such interactiorsnat needed. Note thatBf was zero,
theny in equation ( 3.57 ) would also be linear in pagters.

The demand functions ( 3.56 ) are linear in parametexcept for the terms
%Z:_:Ozl p'A p andpBp that appear in the construction yin ( 3.55 ). A similar non-

linearity appears in Deaton and Muellbauer's (1988EDS and Banks et al. (1997)
QUAIDS. The problem can be solved in an analogoag, wither by non-linear estimation

or by replacing with an observable approximation, for example withdefined by
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y:)(— p'v_\/ (3.60)
for some set of budget shar@s Then, by comparison with equation ( 3.53 ) weehav
5 L
wW=>'by +Cz+DZ +) zAp+Bpy+& (3.61)
r=-1 1=0

where £ =g with £ defined to make equations ( 3.55 ) holdhis model is called the

Approximate EASI model.lt nests the modelw=b,+by+Cz+ Ap+&, which is

identical to the popular approximated Almost ldéxmand System. An important
difference is represented by the fact that in Aigout the approximation is equal to
deflated x, where the log deflator is quadratic in p, wher@asEASI model without
approximationy is equal to an affine transform »f—p’w. The approximate EASI model,
substituting equation ( 3.54 ) into ( 3.55 ), candstimated by linear regression methods,
with linear cross-equation symmetry restrictionstba A and B coefficients. A natural
choice fowis the sample average of budget shares across roensu A better
approximation toy would be to letw be each consumer’'s own so each consumer has
his own Stone index deflator, based on his own buidgares, but this alternative implies
endogeneityproblems.

The authors estimate the approximate model withw using seemingly unrelated
regressions, and they estimate the true EASI madelg the Generalized Method of
Moments. As in the approximate AID system, therenasformal theory regarding the

quality of the approximation that usgs in place ofy, but the authors find empirically

estimated parameters belonging to the approximatieirhave the same signs and roughly
similar magnitudes than the estimates based oexaety, providing good starting values

for exact model estimation.

3.5 Exact price indices
In order to perform a so-called welfare or incidemnalysis the first step is represented by

the computation of a price index which constitutee basis for computation of the
incidence measures. In this paragraph the diffecbaices with respect to the price index
to be used for incidence analysis will be reviewed.

Hicks (1942) and Samuelson (1947) have noted tNaad EV are intimately related to

the theory of true, or constant-utility, price ioes which was first developed by Konus
(1939). Samuelson and Swamy (1974), Diewert (198®) Lau (1978) have been
concerned with deriving indices which are truegarticular forms of utility or production

function.
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The constant-utility cost of living indeR(po, p1,u) is equal to the ratio of expenditures
required to achieve a specified level of utilityfiaal and initial price vectorp; andpo. If

the specified level of utility is the initial leveb, then we have a Laspeyres base-weighted
index

c(py,Up)

(P, Uo)
whereas if the reference level of utility is thedi levelu;, then we have a Paasche current

P(Po, Py, Ug) = (3.62)

weighted true index:

c(p,,u,)
(P, u,)
These two indices will be equal to each other dl anly if the underlying direct utility

P(py, P, Up) = (3.63)

function is homothetic. Such indices are sometimefsrred to as true or exact. True
indices can be derived for non-homothetic utilitypsoduction functions by substituting
the expenditure or cost function associated with dasumed structure of preferences or
production into the price index equations ( 3.62n§l ( 3.63 ). Deaton and Muellbauer
(1980a) provide the general formula for the Laspsyrue index using the logarithmic
form of the price-independent generalized lineagfgrences (PIGLOG) model; they
illustrate this results by using parameters fopacgic form of PIGLOG preferences for
the UK and estimate changes in the true cost afidivor families in different income-
household composition groups.

True indices can be used for the computation ofa@®f EV, and the relationship between
these two measures is so close that both of thesm {h@ same informational requirements:
if we want to measure either we need information tbe form of the underlying
utility/expenditure function.

After having defined what an exact index is, hevall begin the review of the literature
related to index number development: in generaty thre devices for reducing the
comparison between two complete price vectors single scalar. A first answer to the
problem of evaluating individual welfare effectsewhprice changes has been represented
by the utilization of index numbers expressed mte of price and quantity. The total

derivative of utility function can be written as

ov(p,y)
T

=Y ad (364)
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whereq represent the quantity consumed ofitkensumption goodq its price andrthe
marginal income utility. From the budget constraimpothesized linear, equati¢.65 )
can be obtained

| |
Zqidji :d/_zpi&]i (3.65)
i=1 i=1
That, once substituted in ( 3.64 ), leads to thleieng equation
d/ |
_:_Z(d/_pi&]i) (3.66)
T i=1

The consumer welfare changes can be evaluated eorbakis of one of the terms in
equation ( 3.65 ): the possibility of consideringlyoone term constitutes the reason for
which this kind of indices number represents anr@admation of the welfare effects
induced by prices changes (see equation ( 3.6d J 868 )). If the approximation error is
not so high, equation ( 3.65 ) offers a straightind way to compute consumer welfare
changes because the variables included are e@sign@ble. The element on the right side
of equation ( 3.65 ) represents an index of comdiom change evaluated at the initial
period prices: when divided by the expenditure lleieconstitutes a Laspeyres quantity
index. The problem inherent to the approximatiogrde is caused by the fact that, for non

infinitesimal price changes, equation ( 3.65 ) ta#tee form

| | |

dy=) qdp + pdg + dpdg (3.67)
i=1 i=1 i=1

In order to precisely evaluate the total derivatofethe utility function, the following

integral should be computed

f]—levz—IZl:qidp, (3.68)
The appro>l<;nation of ( 3.67 ) with the equation§53) and of ( 3.68 ) with the equation (
3.66 ) implies different results in presence of non iitésimal price variations. In
particular, the value of the integral in equatidh&8 ) depends on the integration path: the
economic reason behind this mathematical properthat the marginal income utility is
not constant, but changes when prices change. @rlye case of Leontief preferences
individual welfare changes are equivalent to Laspeand Paasche indi¢&swhile in the
case of homothetic preferences there is a consafint between equation ( 3.68 ) and (
3.65 ) In all other cases, and hypothesizing that atbdgoare normal, Laspeyres and

Paasche indices implies an under or overestimaifowelfare changes (depending on

% Asin equation ( 3.63 ) for the constant-utilityst®f living index, quantity Paasche index différsm Laspeyres
quantity index only for the different base usedtsrthe computation, represented by final periddgs:

147



which expenditure shares are included in the coatjout, respectively the previous or
following ones with respect to the price change)arining tax introduction in a partial
equilibrium context, the utilization of this kind mdex corresponds to the hypothesis that
the reduction in consumer purchase power or wetdgtals the tax revenue, excluding the
efficiency loss (deadweight loss) caused by théodisn of relative prices. In fact, the
behavioural responses on the taxed products demr@ndot taken into account. Paasche
and Laspeyres hypothesize that tax revenue edoalburden imposed on individuals in
terms of utility reduction, but this assumption amly valid with very simplified
preferences systems (homothetic or Leontief prats®): generally, taxes determine
welfare losses that exceed the revenue provideti{has excess burden is connected to the
demand and supply structures. The relevance assuigethis component changes
according to the specific characteristics of thecesned goods’ demand. Focusing on the
demand side, clearly the welfare effects of taxatlepend on the price change (and in this
context revenue raising represents an importantpooent) and its different impacts on
individual consumption. The Laspeyres and Paasotiieds do not consider substitution
effects, assuming that the same bundle of goodsoigyht before and after the price
change; for this reason, they are only a first oeggroximation of the True Cost of Living
(TCOL) Index, referring, respectively, to the ialtor final welfare level.

When relative prices change, some standard of cosgpais required: every index
number uses a measure of the standard of livingfasence. One such measure can be
some reference commodity bundf& using this technique are constructed Laspeyrds an
Paasche indices. A single bundle is an unnecegsasitrictive interpretation of what is
meant by a constant standard of living and the assialternative is taking a specific
indifference curve as the reference that has tkdpé constant. Following this approach,
TCOLs can be constructed as the ratio of the mimnexpenditure necessary to reach the
reference indifference curve at the two set of gmicCost (expenditure) functions to
compute TCOLs can be obtained by direct estimadiotheir parameters, by performing
demand system estimation: this requires the spatibin of the preference structure and,
in this way, the efficiency loss caused by relatiméces variation can therefore be
assessed. Following this approach, the interpetsmraparison can be made easier by
adopting equivalence scales. Moreover, the demgsigra estimation can be performed
by adding demographical characteristics, and is Way the welfare indices obtained can

be related to a specific household structure, ¥an®le, in terms of household members.
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The True Cost of Living Index (Konus, 1939) solveany problems of the fixed-weighted
indices: it is represented by the ratio between &xpenditure functions and it can be
directly connected to the money metric or Hicksiareasures of equivalent and
compensating variations. This could be easily chdckGiven that CV and EV are
respectively defined through the expressio(®, x-CV)=v(g, x) andv(p', X+EV)=v(g",

X), from these expressions the money metric measii@sn in equation (2.9) and (2.10)
can be obtained

CV =¢(p°,v(p°,x)) —e(p",v(p®, X))

EV =e(p°,v(p", X)) —e(p",v(p", X))
where ise=e(p',v(p’,x)) is the cost (expenditure) function in terms of itidirect utility

function. The True Cost of Living Index is definasl

1.0 _ e(plN( po’x))
P(p, P°,Vp) = — g sl 3.69
(P PYo) = o o (P, ) (3:69)
or
P(pl.p°,v1)=w (3.70)

e(p°,v(p', X))
The difference between these two expressions rigka different utility level chosen as

the baseline level in the evaluation: in particuldre index in ( 3.69 ) is based on

compensating variation, the index in ( 3.70 ) onieglent variation.

Figure 3.1 — Different kind of price indices
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In the Figure 3.1 the original budget line AB restwith the rise ip,, to AC. The budget
line necessary to buy at the new prices cuts the vertical axi€3thowever, an identical
standard of living can be obtainedR and the corresponding budget line cD& at D°.
Since p is unchanged, distances aldB§’ are proportional to total expenditure; hence, the
base quantity weighted index (Laspeyres price inidethis case) is given b@E”/OA,
while the base utility reference indexd®®%OA. Clearly the former exceeds the latter.
A similar reasoning can be developed in the caseuoent weighted index: the Paasche
index can be no greater than the utility refereindex. In both cases, the inequalities are
caused by substitution effects; these inequal@reseasily shown to hold, in general. The
bundleq® is one way of reaching® but not necessarily the cheapest when pricep’are
hencep' x o, the cost of’ atp' is greater than or equal &é’,p*), namely the minimum
cost ofu® atp'. But, by the definition of’, p° x dis equal tac(L’, o). Hence we have that

1 0 0 1
PP = 05 2 0 o) =P ) (3.71)
Similarly, since drepresent one way of obtaining at p°, p’.q" is equal or greater than
c(U'.p°) so that, since.q'=c(u’, q')

1y ol 11
P B, 0) = By b2 2 =P ) (3.72)
These inequalities, which date back to Konus (19@d)not imply that the true index lies
somewhere between the Paasche and Laspeyres indigeseral, there is no unique true
index and the base-weighted utility index that tfas Laspeyres as an upper limit is a
different number from the current weighted utilindex that is no less than the Paasche
index.

The True Cost of Living Index can be computed Iiynig as reference not the individuals
but the households, which very often represent dbeeisional unit with respect to
consumption choices. The differences between haldelare linked to the income level,
to their different structure (in terms of numbeidamge of their members) and to some
socio-demographic characteristics, such as emplolyared geographical residence. These
differences can be taken into account by adoptixmemrditure functions conditional to
household characteristics. Indicating householdaratteristics with the vectaa", the
expenditure function concerning the houseHoldill be given bye(u, p, ). A TCOL
index compares the cost of achieving a given lefelvelfare before and after a price
increase, computing the extra income needed tonreétuthe original welfare level; it is

defined by the following expression
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P(p', p°;u,a") = c(u, p*,a")/c(u, p°,a") (3.73)
where c(u, p,a") is the cost (expenditure) function which defindse tminimum

expenditure level of the househdidwith demographic characteristics expressed by the

a" vector) needed for the household to achieve tfilgyulevel u if price system is
described by thp vector. In particulap®andp' respectively stand for price system before
and after an hypothetic price change. Thus, theegridexP represent the ratio between
the minimum cost needed to reach a welfare lewgrgitwo different configurations of
price system. As the equivalence scales comparpribe structure of different household
profiles, the True Cost of Living indices compalne tvelfare associated to different price
systems. It should be noted that they can be eragldp make comparison among
different households that (because of differentguesices’ structures) deal with different
relative prices systems.

The True Cost of Living Index defined in ( 3.73 gncbe straightforwardly computed
knowing the cost function parameters: at this psepohe estimation of a complete system
of demand equation can be very useful. In whabvadl the TCOLs for the AIDS will be
presented below: they are exact in the Diewertesébgewert, 1981), namely, they derive
from the cost (expenditure) function on which theménd system is constructed. For
simplicity’s sake, demographic characteristics haeen excluded from the equations even
if, with reference to the translated AIDS, theylw# included in the computation.

The cost function adopted in the estimation of dB&\ has a Translog forrtequation (
3.28)) and in this case the True Cost of Living Inder ba very easily computed as
InP(p*, p°,u) = @-u)In[a(p)/a(p®)] +uln[b(p*) /b(p®)] (3.74)

In equation ( 3.74 i represents the reference welfare level, giverhbyfallowing

equation

u=1In|x /a(p)|/In[o(p)/a(p)] (3.75)
which represents the indirect utility function famn AIDS. If the reference welfare level

is computed in the initial period® can be used to derive compensating variation with
respect to the period which comes before the mhaage. By normalising prices to one in
the first periodP takes the following form

InP(p*, p°,u) =2ai In p?%iic‘u In pIn p;] +[In(><o)-ao](||f| p -1) (3.76)

i=1 j=1
Conversely, if the reference period is set to thalfperiod (after the price change has

taken place)P can be connected to the equivalent variation
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| | | |
INP(p' p°0) =Y a In p+2 3 Y &, In pin pi +[in(x) ~a + Y In pi +

i=1 i=1 j=1 i=1
(3.77)

1 | | |
+5 2.2 & npiin pil(L-1/] )
273 j=1 i=1
True Cost of Living indices can be useful when mgktomparisons between household
profiles which differ with respect to their welfalevel. Using the equations ( 3.76 ) and (
3.77) different TCOLs, and in this way different incidnmeasures, can be computed, for
different welfare levels and household types, ideorto assess the distributive effects of

environmental policies which imply price changes.

3.6 Demand elasticities
Due to the crucial relevance of own price, crosseprand income elasticities, this

paragraph will go into detail of their computatifivom a demand system and other related
issues. In particular, it will be divided in tworpa the first one will analyse the empirical
and technical issues linked to elasticities esimnatwhereas the second one will develop
some considerations on the elasticity values aei thfferentiation.

The first problem is a theoretical one. The deroratof Hicksian demand from the cost
(expenditure) function is an application of the eope theorem. A very important
theoretical property of Hicksian demand functiogghat the matrix of price derivatives
(Slutsky matrix),S;, is a symmetric negative semi-definite matrix. sTlproperty is a
necessary condition for the recovery of preferericea demand and constitutes the basis
of all consumer welfare analysis. This is referreds integrability of demand, because it
is about integrating back to preferences from defrianctions. Of course, since we do not
observe Hicksian demand functions (being utility nbservable), the application of the
integral envelope theorem to recover the experalitunction is not straightforward. We
observe Marshallian demands, which depend on paocesexpenditure. Then, we must
first recover Hicksian demands from Marshallian deds and this requires the removal of
the income effects from Marshallian demand; thasRlequations used for this purpose.
This tells us that the slope of the Marshallian dechwill be steeper (flatter) than the slope
of the Hicksian demand curve, as the derivativevo{p,x) with respect to x is negative
(positive), or as goodis inferior (normal).

The Slutsky or substitution matrix is computed tlglo the following expression

oh (p,u) _dqg(p,x) , 9g(p,X) (3.78)
o op A d;(p,X)
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The estimates of interest in empirical demand stdire income elasticities and price
elasticities, and they are likely to be non-linéamctions of the econometric parameters
from the demand system estimation. Given the ingpae of elasticities, it is useful to be
able to express the Slutsky equation in terms adtelities. This is done by multiplying
both sides of ( 3.78 ) pypi/x. Then, let multiply the left hand side and thetfterm on the
right hand side by/qg; and multiply the second term on the right hand bigdgx/gx. After
this, equation ( 3.78 ) becomes

s€ =se +ss€ (3.79)

= €

Formulas of this type are useful because many ifmait forms that are used in empirical

* _ AC
=e +s,g

demand studies are specified in log forms, yieldiglgsticities more easily than
derivatives. For example, Deaton and Muellbauesgreof the first functional form used
in empirical studies for demand function estimatitinvas one, the logarithmic demand

function:

Inw, =a; +&Inx+> & Inp, (3.80)
J
When it is expressed in terms of compensated cprjse-elasticities,qf*, the authors

name this model Stone re-parameterized. Rewritifig= € +s,e and substituting into (
3.80), we obtain

Inw =a, +e(Inx=>s/Inp,)+> e Inp, (3.81)
In the specificatior: of functio;lal forms, it is wdly recognized that a term like

Zi s,In p; is an expression for a price index that can destructed from the available

data (see Paragraph 3.5). So one can construcpribis index,P, and use it to deflate
expenditurex to specify the model in terms of log real expewmdifin (x/P).

Another kind of problem, linked to empirical anasyds that the complexity of empirically
adequate specifications makes the interpretationra@f demand system parameters
difficult. It could therefore be useful to repostienated income elasticities at various point
of the data, for instance at the mean and quaniléstal expenditurex (Lewbel, 1997)I

will follow this suggestion computing price and amee elasticity for different household
profiles (whose identification reflects differenkpenditure classes), with the aim of
examining the potential asymmetries in adaptingacdigs to price changes, and

consequently the connected risk of carbon tax ssgrity.
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The cost for a household of environmental policyasuges depends to a large extent on
substitution

possibilities. It is sometimes held that environtaémolicy imposes unequal burdens,
because people in upper-income brackets have nuirens to adapt, for example by
purchasing a less polluting car. Johnstone and aMgati (1998) observe that higher
income households will tend to have a higher petassticity for heating fuels. Such
patterns are further aggravated by potential mddikires, reinforcing the regressivity of
environmental policy: if there are insulation measuwith high returns, low-income
households could not be able to borrow to the saxtent as other types of households. It
is therefore of interest in a distributional study examine the price-sensitivity
differentiation across income-groups. On the caogiraeconomists have traditionally
assumed that price elasticities are the same feryeme. From the simplest possible
demand structure, that is a demand curve lineamprine and income (and other
characteristics), it follows that the price elasyiclecreases with income (as long as higher
income increases demand). Intuitively, this seemseasonable characterization of
consumer behaviour in general: the greater ournmothe less price-elastic is our
demand.

A drawback with the linear demand curve is thasinot quite consistent with demand
theory, even though it is an often used approxomatising demand curves that are
consistent with economic theory, one can show phiae elasticity, income elasticity and
substitution elasticity are closely linked (in tneo-good case, price elasticity is a weighted
sum of the income and substitution elasticities,weights being the budget shares). Under
certain assumptions, the variation of the pricesteddly mainly comes from variations in
the elasticity of substitution, and this enablesrti@rpret higher price elasticity as an
indicator of a higher elasticity of substitution.third way to approach possible varying
elasticities is via a theory developed by FriscB68). A key parameter in this theory is
what is called the Frisch parameter, which reprsstre elasticity of the marginal utility
of income. Frisch famously argued that this par@amleas values of about -10 for the very
poor ranging all the way up to -0.1 for the richpatt of the population. According to
Frisch, the price elasticity varies inversely witie Frisch parameter: for goods with
constant budget shares, price elasticity becomerloas we move from higher to lower
income.

Empirical evidence about this issue is relativetarg. Cornwell and Creedy (1996), in

their analysis of carbon taxation in Australia,dfithat the lower income earners have
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relatively lower price elasticities compared withgtrer income earners. Sipes and
Mendelsohn (2001) suggest, on the other hand, ligiter income decreases price
elasticity for gasoline consumption. West (200didees policy instruments for vehicle
pollution control: examining price responsivenegsriztome deciles, she finds that lower
income households reduce miles travelled to a feegient than wealthier households, and
they have higher price elasticities. This resulbisr alia due to the fact that lower income
households do not own cars to the same extent gifehiincome ones. The study by
Brannlund and Nordstrom (2004) on the distributlongpacts of carbon taxation finds
very small differences between price elasticitie®ss income groups. Their results are, to
some extent, a consequence of the empirical maaal. Un conclusion, neither theory nor
empirics allow a robust conclusion about how petasticities vary across income groups
in the case of environmental goods.

To conclude, | think it can be interesting to depesome general observations on the link
between elasticity and taxation. High price elatstiof demand is desirable, when the
market-based policy tools are used purely as ineennstruments, with the aim of
achieving a large quantity response (for instative,reduction of the use of a particular
harmful substance). Very elastic demand would, mewnelead to the erosion of the tax
base and not allow substantial revenue recyclirmpds with lower price elasticities serve
such purpose better, as the tax base is more stdtille still having a significant positive
environmental impact; typical examples are enengg @ansport products. The size of
price elasticities in energy and transport sedtas been estimated in a number of studies
by various econometric methods (OECD, 2006). Thidence confirms that demand for
energy, as a whole, tends to be rather inelastibarshort-run (ranging between -0.13 and
-0.26), but that long-run elasticities are consatdy higher (-0.37 to —0.46). Price
elasticities are not necessarily of the same madeifor all energy products: for instance,
own-price elasticities for petrol seem to be higian for residential electricity. Moreover,
long-run elasticities seem to clearly exceed shantelasticities, in particular in the case of
petrol. High long-run elasticities imply that a teeform could lead to an environmental

improvement on a permanent basis.
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Chapter 4

4.1 Data description
For the demand system estimation | used data fhenitélian National Statistical Institute

(ISTAT), in particular, a sample extracted from thdagine sui Consumi delle Famiglie
hereinafter referred to as the Survey on HouseBgjzendituré®. It surveys consumptions
for a wide variety of goods and for a number of $eholds which varies from one year to
another, but amounts to around 25000 units per. yearovides also information on the
level and structure of monthly expenditure, andhauseholds characteristics, such as
number of members and their standard of living. €kpenditure is collected relating to
groups and class of expenditure, to geographicatrilbution and to households
characteristics. Data provided by ISTAT cannot bfneéd as a panel, because interviewed
households are not the same from one month to @anotr from one year to another. The
record was not exactly the same from one year ¢dhan and the harmonization between
different records has demanded an effort when oaectgtg the sample; it was also
necessary to convert from lire (years up to 2008uro (following years).

The paragraph is divided in two sub-paragraphs. fireewill describe consumption data
and sample extraction, along with the related agsioms; on the other hand, the second
sub-paragraph will propose a brief overview of piees which were used in the demand
system estimation.

4.1.1 Descriptive analysis

ISTAT collects household expenditure referring ttage amount of goods, diversified
into different macro-categories; it was therefoleady necessary to aggregate goods in
order to perform demand system estimation. Eaclicehohave made regarding sample
extraction reflects the specific problem | wanes@amine; first, | focused my attention on
household current expenditure, excluding durabledgdrom the sample. Six goods were
identified: food (wl), heating fuels (w2), elecityc (w3), transport fuels (w4), public
transport (w5), and a residual good which contaifisthe other current consumption
expenditures (w6)Summing up the expenditure shares over these sbdgjototal
expenditure can be obtained.

| chose to work on aggregate data because of tbeard presence of zero expenditure

values for several kinds of expenditures: aggregatiata clearly avoids the problem of

33| want to thank the Faculty of Economics of Univirsli Siena for having provided tihedagine sui consumi delle
famiglie 1997-2005 from which | have extracted the samptiiin demand system estimation.
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zero expenditure values which often characterizievidual data. The initial sample for
each year examined consisted of a number of olts@mgan the range 19000-25000; after
the construction of subgroups, the frequency ofnibi@éseholds in each subgroup changes
from a minimum of 13 to a maximum of 169.

With regard to the households included in the asslysome were excluded because not
significant to the scope of the incidence evaluatid a carbon tax. More specifically,
families with more than 4 members were droppeds Tdtioice can be explained by
representativeness issues: this type of familipeesents a small percentage in the original
sample, so not so relevant. As | said before, adssons of significance have driven
sample extraction: the presence of scale econam@msidered to be well represented by
a sample which includes households with up to foembers.

Households were divided into 18 subgroups, 6 ottviiased on their composition and 3
based on the geographical area of residence (nathelyNorth, Centre or South macro-
regions). In order to do so, | examined differegpdthesis and | chose the one which
shows major differentiation in fuels, heating fualsd electricity expenditure patterns. |
decided to divide households into six groups adogrtb the number of members and age:
Famtipol= single adult (years >=25 and < 65)

Famtipo2= two adults

Famtipo3= up to four adults

Famtipo4= two adults and lor 2 children (up to &4rg)

Famtipo5= two adults and lor 2 young pedpkears>14 and <25)

Famtipo6= two elderly people

Examining the expenditure levels for each of refg\good, some interesting patterns can
be noted”.

%] have chosen four year among the eight examingdfonreason linked to graph presentation.
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Figure 4.1 — Transport fuels expenditure leveldmtipo
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For transport fuels (Figure 4.1), elderly peoplen{tipo6) have a very low expenditure
level as well as one-adult households (famtipous¢holds with two adults (famtipo2)
have an average expenditure level; expenditurebesdcigh both for households with
three or four adults (famtipo3) and for househaldth two adults and one or two young
people(famtipo5). Also households with two adults and amgwo children (famtipo4)

have medium-high expenditure level. Having childqemoduces a positive effect on
transport fuels expenditure, which becomes morevegit when children grow up and
begin to drive motorcycles or cars. So,
proportionally with household size, but it also deg@s on households composition.

transpareld consumption

Figure 4.2 — Transport fuels expenditure level bgry
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Figure 4.2 shows more clearly the households expeadifferentiation in every year: it
could be said that the differentiation remains @amgied across different years of the

sample.

Figure 4.3 - Electricity expenditure level by fapdi
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As far as electricity is concerned, single adulisehthe lower expenditure level, followed
by elderly people. Two-adult households have adawenditure level, whereas three/four
adults and two adults with one or two young pedyee a high expenditure level. Two
adults with one or two children households haveeaiom-high expenditure level. Then,
in the case of electricity, consumption increasep@tionally to household size. It could
be interesting trying to link these expenditureelswvith durable goods possession and
utilization (for instance, computer and air corahtd), information collected dypdagine

sui consumi delle famiglie
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Figure 4.4 - Heating fuels expenditure level by tigm
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Finally, quite different trends are detected bymeixang heating fuels. In particular, elderly
peoplehave a higher expenditure level if compared witlheogoods. Households with one
or two children also have a high expenditure le@ie-adult households, instead, have a
low expenditure level. Two-adult households showmadium-high heating fuels
expenditure, whereas households with three or &olults have a high expenditure level.
This household type has in all cases the higheemipure level. Graphs similar to Figure
4.2 show that the trend is almost unchanged a@aibsbe examined years for electricity

and heating fuels.

Figure 4.5 — Total expenditure by famtipo
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With Figure 4.5 | want to show as the chosen divisinto six household profiles
approximates a division into expenditure classesusbholds with elderly people

(famtipo6) have the lowest expenditure level, folal by single member households
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(famtipol). Two-adult households (famtipo2) havenadium-low monthly expenditure
level whereas households with children expenditiene2l is medium-high. Finally,
households up to four adults (famtipo3) and withryg people (famtipo4) have the highest
total expenditure level (Table 4.1). The patterrsatibed remains constant over the

different years examined.

Table 4.1 — Expenditure shares and total expemdiiar Euro) for the whole sample and
household profile

Standard

Variable Mean S Min Max Household profile (mean values)
Deviation
1 2 3 4 5 6

wl 0.297 0.047 0.173 0.455 0.267 0.285 0.296 0.285 0.284 0.364
w2 0.050 0.018 0.011 0.147 0.048 0.049 0.047 0.051 0.043 0.066
w3 0.026 0.005 0.013 0.047 0.026 0.025 0.027 0.023 0.026 0.029
w4 0.088 0.017 0.030 0.152 0.088 0.092 0.095 0.090 0.092 0.063
w5 0.008 0.005 0.001 0.041 0.008 0.073 0.009 0.006 0.014 0.007
w6 0.528 0.050 0.326 0.679 0.552 0.536 0.524 0.549 0.537 0.469
exp 1414.6 381.3 642.1 2747.0 1023.9 13535 16924 1601.1 1779.4 1037.1

The distinction chosen is also related to the [il#gi of further examining revenue
reutilization: the number of adults belonging téamily is important if a lump sum based
on the number of adults is hypothesized. On thdrapn havingelderly people in an
isolated group would help when the carbon tax reges used to reduce labour taxation.
The household profiles chosen are coherent withgcaiies defined by ISTAT (even if
ISTAT categories have a higher differentiation @egrin this way, using specific
coefficients, information on the whole populaticencbe obtained and welfare aggregate
measures can be computed.

The North, South and Centre could have differemegsublic transport supply, which is
intended to be more efficient in the North withpest to the South: then taxing fuels
(private transport) could have different effects layusehold consumption depending on
geographical areas. Furthermore, the North, Sonth Gentre have certainly important
differences in heating fuels request. For thesears | distinguished share expenditures
considering the information associated to the seasothis way, distinguishing between
household type, macro-region and season, | obta2i&d different subgroups for each

examined year.
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Figure 4.6 — Expenditure share by macro-region
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Figure 4.6 shows the differentiation for macro-oe@ of the expenditure share in heating
fuels, electricity, transport fuels and public spart: they represent the goods included in
the demand system on which carbon taxation wileptally impact. While for electricity
and transport fuels consumption does not signifigadiffer, heating fuels expenditure
share has a marked geographical trend: it is highéne North, takes medium values in
the Centre and is strictly lower in the South. Amdblic transport demand appears to be
differentiated, having lower values in the Southgve public transport development is still
not comparable to that reached in the North andtr€eit is precisely this pattern that
shows the opportunities linked to the developmé@inoapproach which takes into account
the differentiation induced by the macro-region reidence, namely a demographic
translated demand system.

4.1.2 Prices

With regard to the prices used to perform the dehrsstem estimation, | extracted them
from the Consumer Price Index (1998=100), alsoiphbt by ISTAT. | used thindice
nazionale dei prezzi al consumo per lintera coléa (Consumer price index for the
whole nation, NIC) which monitors sale prices evergnth in all the Italian provinces.
NIC is divided into 12 expenditure categofre®ntering each one in the aggregate national
index with a specific weight, which reflects théateve importance on the concerned good
on total consumption. For food prices | used diyegtice indices collected by ISTAT; on

% The expenditure categories are represented by:dnddeverages, alcohol and tobacco, clothing,ihgasd energy,
furniture, health, transport, communication, reticeg education, hotels and public services, ahérogoods and
services.
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the other hand, | aggregated some of them (conmgpukia arithmetic mean) in order to
obtain the aggregate prices of the other goods lwbanstitute my demand system. In
particular, | constructed other good and servicesep in this way, by aggregating the
following ISTAT expenditure categories: clothingjriiture, health, communication,
recreation, education, hotels and public servieesl other goods and services. For the
other goods, namely heating fuels, electricity,ns@ort fuels and public transport
individual (elementary good) prices were u8edFor heating fuels, transport fuels and
public transport, | needed to aggregate individpates to construct the price of the
aggregate good included in my demand system. Tophrpose, | used the coefficients
provided by ISTAT which express the relative weightach good constituting the index
corresponding to the expenditure category. Findligssumed that all households in the
sample face the same prices for each aggregate gooes not vary longitudinally, having

not been computed as implicit prices.

4.2 The empirical models and their results
This paragraph will propose an overview of the eimogl and methodological issues

related to the demand system estimation performed.

The errors are assumed to be jointly normal, inddpet across households and time
periods, but correlated across goods. This mod¢heferrors is what Pollak and Wales
(1992) refer to as the standard stochastic spatific for demand systems. An advantage
of normality is that the errors in all equations ¢ee jointly normal while still maintaining
the adding up constraint. The restriction that midghares sum to one is imposed by
dropping one equation from the system, and joieitimating the other equations using
Maximum Likelihood. Joint normality of the erroreseires that the resulting estimates will
not depend on which equation is dropped.

| have estimated both an AIDS and a QAIDS in otdandentify the preferred functional
form (on the basis of statistical significance emitt) and to compare their results: in fact,
very often a functional form is chosen and estimhatéhout testing other specification and
the derived results are not compared with alteveatnes. For a more detailed description
of the two theoretical models see Paragraph 3.8d433.5 . Since in both cases the
models structure implies non-linearity in paramgtdr have chosen not to limit my

empirical work to the estimation of the approxintati@ear version (employing the Stone

% For the price series on province and monthly blasiank the Ufficio Prezzi of ISTAT for having prioled the data
used in the demand system estimation.
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Index, see equation ( 3.36 ) ) and | have perforraedon-linear estimation using
Maximum Likelihood. To detect the preferred funo@b form, | have tested the
significance of the quadratic specification withAgald test on the joint significance of
quadratic terms. The Chi-squared value (97.49) lesaie null hypothesis according to
which quadratic terms equal zero to be rejected@001 statistical significance level.

As far as theoretical restrictions are concernedhould be noted that each equation is a
linear combination of the others. Therefore, toidwingularity of the variance-covariance
matrix of errors, one of the equations needs tdefteout of the estimation. | did not
estimated the equation related to other goodsjtanmhrameters were recovered using the
adding-up constraints. Even if demand system theopfies homogeneity and symmetry
constraints (see equation 3.39) beyond their watifon, | thought it was useful to test
them on the sample used: at this purpose | periinieelihood Ratio tests computing the
restricted and unrestricted models. Then, | esedathe unrestricted simultaneous
equations system, namely not imposing homogeneigymmetry: indicating with L1 the
Log-Likelihood valueof this estimation, it equals 31543.8 then estimated the demand
system imposing symmetry: L2, the Log-Likelihoodluea of this estimation, equals
31232.0 . Finally, | estimated the demand systerposmg both homogeneity and
symmetry: the value of Log-Likelihood (L3) amountsthis case to 31204.9. The test
statistics are constructed as standard LikelihoatioRests and under the null hypothesis
are distributed as Chi-squared with degrees ofifseeequal to the number or restrictions
imposed. Table 4.2 shows the results for the nytlothesis represented by symmetry,
homogeneity (given symmetry) and symmetry and hamedy jointly, in the case of
QAIDS demographic translated. The null hypothesis valways rejected at the 5%
statistical significance level and the same hold®nwtests are performed for the AIDS

demographic translated.

Table 4.2 — Homogeneity and symmetry tests

Symmetry Homogeneity Symmetry and homogeneity

2x(L1-L2) 2x(L2-L3) 2x(L1-L3)
Log Likelihood Ratio 623.5 54.1 677.7
Degrees of freedom 10 5 15
Chi-squared 18.3 (95%) 11.1 (95%) 37.6 (95%)

| also tested homogeneity on the single equationgposing the demand system, using an

F-test, where the null hypothesis correspondedﬁ?yij =0. Under the null, the test

statistic is distributed as a Chi-squared with degrof freedom equal to the number or
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restrictions imposed, and the null hypothesis wats@jected only for the fourth equation,
corresponding to transport fuels. Irrespective hadse results, | imposed symmetry and
homogeneity conditions so that the estimated dersgsttm was coherent with consumer
theory (Rizzi and Balli, 2002; Labandeira et a00g).

The demand system to be estimated was also testetbthl expenditure endogeneity
(among others, Tiezzi, 2005; Labandeira et al.,6200 prices, household type, macro-
region and season— namely, in all the independanables included in the model — in
order to discover if a treatment of endogeneity geparability) of total expenditure was
needed (Keen, 1986; Hausman et al.,, 1995). To ¢hdt an Hausman-Wu test was
performed: the test statistic is constructed agkalibood Ratio test, then in a similar way
than the tests performed for homogeneity and symymiérst, an auxiliary regression was
estimated, in which total expenditure was regressedll the other exogenous variables in
the model; then, the unrestricted model was estichaty including the residuals of the
auxiliary regression as explanatory variable inheaguation of the simultaneous system.
In this case, the restriction is represented byereity, namely imposing equal to zero the
coefficients of the residuals in each expenditunars equation. Finally, the test was
computed, making the difference between the Loglitlood values of the unrestricted
and restricted model; also in this case, the testhmented refer to the QAIDS
demographic translated: they were computed alsahierAIDS demographic translated
and the same results hold. As in the case of honatyeand symmetry, the degrees of
freedom equal the number of restrictions imposéént in this case, the Chi-squared
threshold value is 11.1 at 95% statistical sigatfice level and the Log Likelihood Ratio is
represented byX2L-L,) = 2x(31458.5-31204.9) 253.6, where Land L, stand for the
Log Likelihood values respectively of the restrittend unrestricted modedkiven these
values, the null hypothesis of exogeneity was tege@and total expenditure turned out to
be endogenous. For this reason, Ordinary Leat $guaovide inconsistent estimates due
to the existence of contemporaneous correlationwdsst the error terms and total
expenditure. This can be solved by instrumentintal t@xpenditure with the other
independent variables used in the estimation, naprides and all the dummy variables.
Since the model is non-linear in parameters, | tmdise a non-linear instrumenting
variables technique. The estimator for both the &lBnd QAIDS was modified by
implementing a Full Information Maximum Likelihod&IML) algorithm in Stata. To this
aim, the variance-covariance matrix was enlargetlithng the error terms related to the

auxiliary regression for the instrumented varialded with this procedure Maximum
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Likelihood estimates were obtained from the noedinsimultaneous equations model.
Alternatively, | could have applied an iterativepedure with starting values taken from a
first stage estimation of a linear version of thedel, using these initial estimates to obtain
the non-linear ones through an iterative methodil ucinvergence was achieved
(Labandeira et al. 2006; Blundell and Robin, 1999).

In a first stage of my empirical work, | also estiled AIDS on a national basis, using
national prices and not distinguishing subgroupsttie macro-region, but the number of
observation was limited (in fact, the QAIDS did remnverged) and the results clearly
improved when distinguishing for the macro-regiseq Appendix | for the parameters and
their statistical significance). For this reasoe #lasticities belonging to linear national
model will not be commented in Paragraph 4.3.

The sample used for the estimation when distingngshetween macro-regions consisted
of 1944 observations (6 households profiles ovembath for 9 years in 3 macro-regions).
Usingh to indicate the household typethe macro-regionnthe month ang the year, the
data were organized as a samglen,r,h,y)by lining up monthly datan=1-12 on each
macro-regiorn(r=1-3) and household typ&£1-6) for each yeary=1-9) in vectors of 1944
observations.

A demographic translated demand system was estin{atpation ( 3.52 )), by adding

translating intercepts,, represented by the equation
demo=>a,d, (4.1)
h

where demoassumes a different value for every gdodnd every household type

Translating intercepts satisfy the adding-up coodg according to the following equation

>a, =0 (4.2)

that it to say they sum to zero when household type fixed. | included six dummy
variablesd;-ds that classify the household type although to avmedfect collinearity, |
dropped a variable (Greene, 1997). Since priceslifiierentiated for the three different
geographical areas and some difference in energglupts demand may exist, | also
included translating intercepts which distinguishmedcro-regions. | also estimated three
translating intercepts for each expenditure shayeaton that specified the season,
believing that it could have an impact on housesialegmand: for example, heating fuels
expenditure share is certainly significantly higirewinter than in the other seasons. Also
an annual time trend was included in the experglislniare equations in order to detect the
presence of specific period effects in the demahthe six aggregated goods; relative
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coefficients were significant in all cases, excéptthe demand for food (Appendix | ,
Table Il and III).

The values of prices and expenditures were tram&fdrinto logarithms because of the
demand system structure (see equation ( 3.31 ))th&l variables were normalised as
differences with regard to their sample means. Ruée adding-up restriction, | have
estimated only five equations and | have obtaihedparameters of the sixth equation as a
linear combination of the coefficients of the fifiste equations (see ( 3.38)).

For the AIDS the elements of the Slutsky matrixgixen by the expression ( 3.2)

i

=—[yi- +ww, ~gw + 45, In(lﬂ
PP, P

In order to guarantee that the matrix of subsbtuteffects is globally negative semi-

definite the solutiony; =0 and/4 =0 Ui, ] has to be excluded, because it reduces the

system to a constant share model and then it ipeéaling. Given that the substitution
terms are approximately equal fo +ww; —J,w, and that the expressiogw; —J,w; is
negative semi-definite as long as budget sharep@siive, Moschini (1998) points out

that the desired curvature property will be satfif the matrix ); is negative semi-

definite. In this way the Slutsky matrix is negatisemi-definite for all price and income
levels but “too much concavity” is imposed on thedel (Diewert and Wales, 1987),
which loses its flexibility properties. For thisason, Moschini (1998) limits his scope to
maintaining the curvature property locally.

Typically, the sample mean is chosen as the pantrfaintaining concavity because it
represents the point with the highest sample inédbion. Assuming thain=0 and scaling
data so thap=x=0 at the sample mean, in this pomt=a;. Then, the substitution terms
matrix at the mean poing;, can be written as

6, =y, +taa, -9,a (4.3)
For concavity at the desired point to hold, theriral; must be negative semi-definite and
this condition can be ensured by reparameterizingith the Cholesky decomposition
(Lau, 1978); then, the AIDS has to be rewritteneirms of4; . Diewert and Wales (1987)
adopted a version of this decomposition accordmmgvhich a necessary and sufficient
condition for the matrixg; to be negative semi-definite is that it can be temtasg=-T'T
where T=[ 5] is an upper triangular matrix of dimensionl. Afterwards, as | have

described in Paragraph 3.2.3, it can be necessasgstrict the rank to a numbkk(n-1):
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here the rank of th& matrix was reduced from 5 to 3 by settigO for all i>K. In this
way, the positive eigenvalues are excluded andn#gativity condition is satisfied by
construction. Since the number a@f parameters is reduced from 15 to 12, the price
coefficientsd; are estimated with less information: for this regsuch a restricted locally
concave model is called Semiflexible Almost Idea@niand System (Moschini, 1998). |
followed exactly this approach in order to guararttes curvature (negativity) condition.

4.3 Elasticities
| computed own and cross-price elasticities usirgdemographic translated version both

of AIDS and QAIDS’. Here, | will focus on a discussion of the QAIDS&sticities
because of the statistical significance of the eati specificatioff. The translating
intercepts contribute to the computation of eldstie by entering in the estimated
expenditure shares as in equation ( 3.52 ). | bat that at the sample mean they are
coherent for all the examined goods: for examgie, qubstitutability among private and
public transport always holds, even if the absoluatiele of the elasticity changes with the
translating intercepts. The Marshallian elastisitiere computed by using the expression (
3.33); | also computed compensated or Hicksian elagtcitexpression ( 3.34 )) and the
theoretical property according to which they shobdl lower than their corresponding
uncompensated figures was verified. In what followill only discuss Marshallian
elasticities; furthermore, the elasticities | vdlscuss starting from here are those given by
QAIDS demographic translated system. They were coetgpat the sample mean and as
average values for each household profile.

Table 4.3 should be read in this way: for thgoods included in the demand system, the
values in the columns represent the effect of eeprhange of goodon the demand of all
the other goods (including itself); conversely, tbers contain the effects on the demand

of the good induced by changes in its own and other good® pric

371t could be useful and interesting compare thelteduhave obtained in terms of estimated elaggiwith those
synthesized by the meta-analysises described imgRaoh 2.4.1. Aniway, it should be remembered thatelasticities
included in the meta-analysis refer only to fuels.

% AIDS elasticities can be found in Appendix Il, whialso includes the standard errors and the stafistignificance
for the elasticities discussed in this paragraph.
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Table 4.3 — Average elasticities

food heating  glectricity transport public other

fuels fuels transport goods

food -0.260 0.026 -0.086 0.020 0.019 -0.225
(0.041) (0.035) (0.020) (0.030) (0.012) (0.048)

heating fuels -0.073 -1.204 0.406 0.188 -0.326 0.046
(0.209) (0.165) (0.067) (0.163) (0.066) (0.250)

electricity -0.959 0.813 -1.093 -0.546 0.621 1.286
(0.221) (0.127) (0.108) (0.121) (0.093) (0.269)

transport fuels -0.015 0.131 -0.170 -0.544 0.085 -0.268
(0.098) (0.092) (0.036) (0.092) (0.036) (0.117)

public transport 0.395 -1.836 1.812 0.821 -0.790 -1.725
(0.380) (0.371) (0.275) (0.119) (0.207) (0.528)

other goods -0.366 0.002 0.042 -0.092 -0.028 -0.869
(0.027) (0.023) (0.013) (0.019) (0.009) (0.125)

The own price elasticities (computed in the samalerage) show a variation in
consumption which is more than proportional to finee change for heating fuels and
electricity. Heating fuels demand is the most priastic (-1.204), showing high
sensitivity to price changes and this finding isgistent with the value obtained by Tiezzi
(2005), who estimated a very similar demand systelectricity demand also appears to
be very price elastic and this is surprising givkea electricity connotation of necessary
good. This is likely to reflect the presence ofighhpart of electricity demand linked to
“luxury utilization” (such as air conditioning arsbme electrical appliances) and then the
existence of a high margin for energy saving. Rullansport has a high own-price
elasticity (-0.790), differently from the very loglasticity computed by Tiezzi (-0.031); on
the other hand, transport fuels demand is lesgaligstic (-0.544).

Cross-price elasticities contain meaningful infotimra on the tax impacts on consumption
consumption patterns. In particular, the seconidj #ind fourth columns of the table refer
to the goods on which | will simulate the carbox itapacts.

The change in heating fuels demand due to a chiantjee price of electricity is positive
(0.406) and the two goods appear to be substitutben, when heating fuel price
increases, there is a strong substitution effeéthvbperates through changes in domestic
appliances equipment, enhancing the spread ofrielegipliances. This result is relatively
new in the energy demand literature because theaw@rfor these two goods has rarely
been separated. Demand for electricity roughly shawimilar figure with regard to cross-
price elasticities with heating fuels: a high sitbsbn effect holds (0.813). In order to
explain the very high own-price elasticities ob&ainfor heating fuels and electricity, a
modified demand system was estimated where elggtrend heating fuels were
aggregated. In this way it be seen that for theeggge good (represented by heating fuels
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and electricity) the own-price elasticity is cohdreith the necessary good connotation of
electricity and heating. The estimated elasticidiessshown in Table 4.4.

Table 4.4 — Average elasticities of the modifiechdad system

food heating fuels + ;
dlectricity transport fuels  public transport other goods

food -0.343 0.076 0.029 0.029 -0.515

(0.060) (0.032) (0.030) (0.033) (0.021)
heating fuels + 0.286 -0.634 -0.488 -0.026 0.099
electricity (0.127) (0.137) (0.041) (0.068) (0.183)
transport fuels -0.025 -0.449 -0.371 0.028 -0.629

(0.102) (0.035) (0.068) (0.040) (0.051)
public 0.709 -0.279 0.234 -0.676 1.171
transport (1.090) (0.567) (0.028) (0.204) (0.340)
other goods -0.418 -0.016 0.123 0.041 -0.713

(0.011) (0.026) (0.071) (0.018) (0.039)

Continuing our analysis of Table 4.3, the consuorpbf transport fuels is lightly affected
when heating fuels, electricity and public trans$gwices change (respectively, cross-price
elasticities equal to 0.131, -0.170, 0.085). Takintp consideration public transport
demand, the cross-price elasticity with transpoeld (0.821) shows that public transport
represents a relevant substitute for private tramspvhen the transport fuels price
changes, there is an important behavioural respongmiblic transport consumption. The
presence of a substitutability relation betweewgig and public transport represents an
important basis for carbon tax implementation to duecessful. This pattern will be
examined distinguishing different household prafi(€igure 4.7). In this case — and also
for heating fuels — distinguishing households oe Hasis of the geographical area of
residence seems worth to be examined. | have ceadphe elasticities in the average
values for each macro-region, but they do not dgtébstantially (in the range of +/—0.05):
then, only the expenditure share on heating fubtswvs a pronounced differentiation
between macro-regions (see Figure 4.6).

A first analysis of average elasticities enablesay that, although carbon tax may be
effective in reducing the consumption of the patigtgoods, it is not likely to affect the
consumption pattern significantly. In fact, extragtthem from Table 4.3, the cross-price
elasticities related to price changes in heating aransport fuels are represented
respectively by the vectors (0.026, 0.813, 0.131836, 0.002) and (0.020, 0.188, -0.546,
0.801, -0.092) which do not imply relevant impaatxcept for the effect on public
transport produced by price changes in heatingsfu€lezzi (2005) estimated indirect

impacts even more reduced.
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Since my simulation analysis take into considerata augmentation of private transport
price, studying its cross-price elasticity withrnisport fuels is relevant if one is interested
to the relative price of private and public trangpdublic transport demand has a
pronounced variability of cross-price elasticitytiwiransport fuels if the household type

changes (Figure 4.7).

Figure 4.7 — Cross-price private-public transptaskcities (famtipo)
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The relation of substitutability always holds anglic transport demand appears to be in

all cases very sensitive to transport fuels pribanges. In particular, households with
children (household type 4) show a strong subgiitueffect towards transport options
which are an alternative to private transport witehecomes more expensive. On the
contrary, the substitution effect is weaker for $ehwlds with young people (type 5)
showing that, in this case, the alternative of mutshnsport is less desirable when private
transport costs increase perhaps because of tkenmes of consumption habits that are
more difficult to modify and the availability of m® than one vehicle in the household.
Probably for the same reasons the substitutiorctetipplies to a lower extent also to
household type 1 and 3 (respectively correspontbngjngle-adult and up to four adults
households). To summarize, households with childauples without children and
elderly people seem to be more disposed to shifh fprivate to public transport when
transport fuels price increases.

Regarding the differences in household profilestaddies, the number of household
members certainly constitutes an important exptagatariable of consumption and it is
likely to be linked to the size of the house anentto the consumption of electricity and
heating. Furthermore, the number of household menle clearly relevant when
examining transport services consumption; as | Wwithlight in what follows, this

characteristic has a different effect on transpets and public transport demand. Besides,
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consumption of energy goods could be related tcatieeof the head of the household in
two ways: cultural reasons may influence preferenaad age could provide some insight
on the characteristics of the house and the stddks appliances, such as the heating
system (Labandeira et al., 2006).

Focusing on heating fuels demartde legislation developed for the implementation of
Law 10/91 has reduced energy consumption in neWibgs by 10% compared with 1990
levels. The decrees issued by the Ministry of Itigusn 24 April 2001 also had an
important role, setting the national quantitatigeatives for energy savings together with
quantitative objectives for increasing the enerdficiency of final uses. Measures
involving the labelling of home appliances, as vaslmore efficient electrical devices in
general, also play an important role in reducirggadbnsumption of electricity in buildings.
This demonstrates the relevance of durable goodipment: for example, higher income
households, probably with a higher education leaed, likely to have more expensive and
efficient appliances and better insulated housaebghdeira et al., 2006). Some household
profiles could have reduced possibilities (thabisay lower elasticities) of accessing some
energy goods — or durable goods connected, whiabufaenergy savings — and thus to
substitute away when prices change.

As for the average income elasticities of demarabld 4.5), surprisingly heating fuels and
public transport turn out to be luxury goods (1.26%1 1.322 respectively) whereas the
demand for electricity and transport fuels incredsess than proportionally to income. An
important point is represented by the fact thattelgty, as expected, appears to be a
necessary good; this could demonstrate that thelatthe “luxury demand” of electricity
— mainly linked to air conditioning — does not ciitoge the prevailing component with

regard to “necessary electricity demand”, linkeddoking and lighting.

Table 4.5 — Average income elasticities

food 0.506
(0.014)
heating fuels 1.262
(0.054)
electricity 0.477
(0.024)
transport fuels 0.780
(0.022)
public transport 1.322
(0.076)
other goods 1.311

(0.010)

The luxury good connotation of heating fuels prdpateflects a still not universal

spreading of this device: for this reason, the darop the methodological approach used
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could notcompletely model the complexity of heating fuelsn@ad®. Heating fuels turn
out to be a luxury good also in other cases, fangde represented by Labandeira et al.
(2006) and Tiezzi (2005), who found an income adgtof domestic fuels equal to 1.523.
In particular, some problems can arise with obstesgenditure on heating: in fact very
often households share collective central heatmd this implies that their expenditure
share on this good is not directly related to irdlral household consumption, but rather to
the average for some households (Labandeira e2G08§). Public transport, on the other
hand, is a luxury good in the measure that vergrofbublic transport connections are
better when the household live in central locatiG@mpared with the suburbs): income
increases could then be associated with improvesnenthe possibilities to use public
transport. Another issue which could have contributed to tiesult is represented by the
fact that expenditure for holidays could be incldide this aggregate good (travelling with
public transport).

Also in this case it appears to be useful to shomevihcome elasticities estimated through
the modified demand system, in which heating fagld electricity are aggregated into a

single good (Table 4.6).

Table 4.6 — Average income elasticities of the riiedisystem

food 0.723
(0.012)
heatmgfuels+ 0.764
electricity 0.022)
transport fuels 1.140
(0.017)
public transport 1.541
(0.050)
other goods 1.157

(0.007)

Table 4.7 shows the income elasticities for eachstbold type: the pattern already
described at general level always holds. Considetins table, households with elderly
people are globally the less reactive to incomengha: the income elasticities belonging

to this group, except for electricity, are alwagsdw the average (Table 4.5).

% The proportion of heated homes out of the inhabfiteghes has remained practically unchanged from 1994®99
(approximately 89%), though there is a growing tsmay to use independent heating systems (+33.18#t¢rréghan
centralised systems (-15.8%) or single device$%4. Breaking down final energy consumption for defizeheating in
1999 by type of heating system, 14% regarded iddali systems, 63% autonomous systems and 23% lisedra
systems (Ministry of Environment and Territory, 200
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Table 4.7 — Income elasticities by famtipo

1 2 3 4 5 6
heating fuels 1.186 1.264 1.254 1.280 1.260 1.139
(0.069) (0.055) (0.059) (0.061) (0.067) (0.049)
electricity 0.505 0.459 0.499 0.417 0.490 0.556
(0.029) (0.025) (0.024) (0.027) (0.026) (0.026)
transport fuels 0.771 0.796 0.789 0.782 0.778 0.655
(0.024) (0.020) (0.021) (0.021) (0.022) (0.036)
public transport 1.236 1.388 1.292 1.462 1.171 1.306

(0.093) (0.092) (0.077) (0.115) (0.049) (0.116)

Heating fuels are in all cases a normal good berite elasticities are higher in case of
households with children (1.280). Income elastiédy electricity demand seems to have
an increasing pattern linked to the number and @géousehold members. Income
elasticity is, in fact, higher for household witlderly people (type 6) and household with
up to four adults and young people (types 4 andP&fhaps this last point reflects the
higher relative importance that goods and serviceasmake a high use of electricity, such
as computers and internet connections, have inmttretioned household types. Also the
demand for transport fuels increases less thanoptiopally to income, but it does not
have relevant tendencies for different househotedy except being lower for household
type 6. This further confirms the absence of regjwity of the taxation directed to this
group of goods. In fact, if income elasticity hassamed very different values for each
household profile — and then for different expemditlevels — the behavioural response
would likely have been different and carbon taxatiould likely have had regressive
impacts. Public transport turns out to be a luxury good Ihcases, in particular for
household profiles 4 and 2 (income elasticitiesa¢do 1.462 and 1.388). To summarize,
we can say that the main pattern of income eléigicremains almost constant even if
household profile changes.

The graphs contained in Figure 4.8 show the peagentwariation with respect to the
average elasticity, for each household profile aadh good of interest. The different
tendencies if household profile changes are heme misible; only in the case of transport
fuels there is not any relevant difference, exdephousehold type 6. Both in the case of
heating fuels and transport fuels the income eliéists for household type 6 are below the
average, showing that the demand is less elasticrespect to income, maybe due to the
fact that elderly people are often retired andrtiriome endowment is atypical.
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Figure 4.8 — The percentage variation of incomstlity by good
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Some potential explanations, for the differentrexeed goods, are given by:

1) heating fuels (average elasticity equal to 2)2@hcome elasticity is lower than the
average for household type 6, then the age of Imlde component plays a relevant role
in influencing demand, making heating fuels “moeeessary”.

2) electricity (average elasticity equal to 0.44lg demand is less elastic than average for
household type 2 and 4; in particular, for housetygbe 4, the connotation of normal good
is marked. On the other hand, for household tyffee@lemand appears to be more reactive
to income changes.

3) transport fuels (average elasticity equal ta80)7 a common trend exists, with the
exception of household type 6, which represents in ghe case of all the other goods with
exception of electricity — an outlier: the necegsannotation of transport fuels, as in the
case of the other goods, is more pronounced.

4) public transport (average elasticity equal t822): the demand for public transport —
and then the habit to use it — seems to differemthct to income according to household
type. The presence of children makes the demanglufiolic transport more income-elastic,
stressing the connotation of luxury good. On theepohand, in the case of household type
5, the variation with respect to the average isatieg, showing a more inelastic demand
and then habits more difficult to modify, even megence of income changes.
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Table 4.8 — Expenditure share versus elasticitiabytipo

a. heating fuels b. electricity
own-price w income own-price w income
1 -1.166 5% 1.186 1 -1.084 2.4% 0.505
2 -1.147 5.1% 1.264 2 -1.107 2.3% 0.459
3 -1.167 4.7% 1.254 3 -1.058 2.5% 0.499
4 -1.198 4.4% 1.280 4 -1.168 2.2% 0.417
5 -1.217 4.3% 1.260 5 -1.078 2.5% 0.490
6 -1.009 6.6% 1.139 6 -1.005 2.8% 0.556
c. transport fuels d. public transport
own-price w income own-price w income
1 -0.502 8.8% 0.771 1 -0.778 4.7% 1.236
2 -0.499 8.9% 0.796 2 -0.735 4.8% 1.388
3 -0.496 8.9% 0.789 3 -0.784 5% 1.292
4 -0.480 8.6% 0.782 4 -0.678 4.1% 1.462
5 -0.486 8.7% 0.778 5 -0.858 5% 1.171
6 -0.325 6% 0.655 6 -0.723 3% 1.306

Table 4.8a shows that household type 6 has theesigixpenditure share and the lowest
income and own-price elasticities. On the otherdhdmousehold types 4 and 5 have low
expenditure shares and their own-price elasticaies high. With respect to the income
elasticities, they follow the expenditure sharetgoa and it could be said that electricity
demand become less elastic when household membearbken increases. In the case of
electricity demand (Table 4.8b) household type 6 the greatest expenditure share and
also the greatest income elasticity; on the otla@dhthe own-price elasticity is the lowest,
indicating that other household types have bettbsttution possibilities. The pattern of
transport fuels (Table 4.8b c) is very differeraubehold type 6 has the lowest expenditure
share and also the lowest own-price and incoméi@tgis The other household types have
very similar expenditure shares and elasticitidsoAn the case of public transport (Table
4.8Table 4.d) household type 6 has the lowest edipgr share and the elasticities are
among the lower ones. In the case of household 4yiie expenditure share is relatively
low and the own price elasticity is the lowest. dHyy, household types 3 and 5 have the
same expenditure share, but the first has a higloeme elasticity whereas the second a
higher own-price elasticity.

Price responses — and then the way people regmlicy changes — enable some initial

assessments to be made: price elasticities formigetels, electricity and transport fuels
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are high (Table 4.3) and this represents a cré@ecabr for the environmental effectiveness
of a tax reform. Then introducing carbon taxatianltaly could be a powerful tool for
meeting Kyoto targets; in particular, the sendiyivof transport fuels demand to price
changes confirms that transport is a key sectoitédian environmental policy. | want to
highlight the role of cross-price elasticities foansport fuels and public transport:
transport fuels demand is so price-elastic (-0.54dp because of the availability of
alternative transport options. In fact, West andlig#/ns (2004) find that the demaridr
gasoline is more inelastic (elasticities in theganr0.5, -0.7, except for the top quintile of
the income distribution) and this may be due tof#élee that in the USA distances are much
greater and private transport cannot always betisutes by for public transport. (Tiezzi,
2005). Moreover, substitutability between privated apublic transport seems worth
examining by differentiating between the macro-oegi in fact, different efficiency levels
in public transport could emerge (have differenplications for the demand responses).
Computing the elasticities in the sample averageeicth macro-region shows that the
impacts on public transport deriving from privatenisport price changes are greater in the
South (0.989) whereas they are lower in the Cg0t&53) and in the North (0.831). This
demonstrates how great opportunities exist foripukdnsport development in the South.

4.4 True Cost of Living Indices and welfare measure
After the description of demand elasticities, thasagraph will deal with the welfare and

incidence analysis; in order to give a comprehensinderstanding of the different step |
followed, it will be divided in three sub-paragraptParagraph 4.4.1 will describe the
methodological approach associated to True Casivoig indices and incidence measures
estimation, and it should be read considering itkaheoretical complement is constituted
by Paragraph 3.5. In Paragraph 4.4.2 the taxatenasios simulated will be described,
while Paragraph 4.4.3 will comment the results, panmg welfare measures across
different macro-regions, welfare levels and scersari

4.4.1 The methodological approach

True Cost of Living index computation is a relatweasy task once demand system
estimation has been performed: in fact, these @sdiare expressed in terms of cost
functions, whose parameters represent the outpdieofand models computation. They
have another advantage, linked to the computatioweifare measures: they allow to

compute compensating and equivalent variation aiimilar procedure, and in this way

the comparison between the values obtained caralde.m

177



For a detailed description of TCOLs computation amdfare measures derivation in the
case of an AIDS see Paragraph 3.5. In order tsagbe different implications linked to
the functional form choice | have computed TCOLshwboth AIDS and QAIDS
parameters. To my knowledge it is the first timeQIG are computed for a QAIDS; for
this reason, | need to derive the parametrizatiom 8COLs when using the QAIDS cost
function.

Starting from the QAIDS indirect utility functiorequation ( 3.41 )) and solving it for the
log of the expenditure levelwe obtain the cost function for the QAIDS system

1 (4.4)
Inx=Inc(p,u) = Ina(p) +b(p)(mj

whered(p) = Zi/]i In p,. Given this cost function, we can derive the eggi@n for TCOLs

computation for a QAIDS

IR, 1) =Ino( ) ~Inc(p’, 1) =Ina(p) + b(pl)( Ina(p°)+b(p°)(w+1(po)j=

Yu A(pl)] 4.5)

-t () L o

The difference between cost functions reduces tdafieexpression since, when prices are
normalized to unity in the starting period, thecprifunctionsa(p), b(p) and A(p) are all
equal to one in period zero.

In order to compute the utility reference lewehs in the equation ( 3.75 ), the QAIDS
indirect utility function has to be employed. Théor, compensating variation, where the

utility reference level is represented by the aliperiod utility level, we have

InP=Ina(p1)+b(p1)(1”nXol_/](pl)j—lnxo (4.6)

Conversely, for equivalent variation, where theafiperiod utility level represents the

reference level, the expression is more complicated

1/ut - A(ph)
In fact, in this case the price functions are défe from one and the utility level does not

INP=In a(p1)+b(p1)(;j—ul (4.7)

reduce to IR. Clearly it could be checked that when #{p) is null both equations ( 4.6 )
and ( 4.7 ) are equal to the TCOLs equation in cas®IDS, respectively in the case of
compensating and equivalent variation.

Concretely, in order to compute TCOLs several stepse followed. First, different

welfare levels were identified and this was donseblaon representativeness criteria and
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searching to assure a numeric balance betweematitfgroups. Five welfare (expenditure)
levels were identified, represented by: low incqiegel 1), medium-low income (level 2),
medium income (level 3), medium-high income (le#gland high income (level 5). For

this purpose threshold values in terms of total thigrexpenditure were identified

InXx<x X = 05x%Inx

X <Inx< X, X, =0.8%xIn x

X, <IN X< X, X, =1.2%In x (4.8)
X <INX< X, X, =1.6xIn x

In x> x,

In this way the threshold values change (increas#)e sample period and are specific to
household profile. For instance, for household t@pethe two-adult household, on which
equivalentscales are defined — the thresholds are represbpté&tlUR 680 X1), EUR 1088
(x2), EUR 1904 Xx3), EUR 2449 X4). These thresholds are related to compensating
variation computation, which requires the normdima of monthly total expenditure to
the year 1998 (the year before carbon taxation imtasduced), used as reference utility
level. The method to identify welfare levels doed nhange in the case of equivalent
variation except for the normalization of total ergiture, which is done to the final year
of the simulation, employed as reference utilityele Table 4.9 shows the numerousness of
each welfare level for household type 2 in all éxamined years: it could be seen that
there is some variability from one year to anotHesr the sake of brevity, only the
numerousness for household type 2 is shown; Talflecdses on this particular household

profile because with reference to it the equivadesitales were defined.

Table 4.9 — Welfare level numerousness for housktyple two

year

level 1997 1998 1999 2000 2001 2002 2003 2004
1 320 195 211 219 213 275 258 236
2 420 506 468 513 556 617 637 517
3 507 649 595 695 705 774 812 657
4 372 431 413 467 409 541 510 443
5 539 494 475 528 528 583 617 547
total 2158 2275 2162 2422 2411 2790 2834 2400

Table 4.10 contains the numerousness (in perceritages) of each expenditure level
distinguishing for the household profile: it isline with expectations, for example level 1
numerousness is relatively higher for single-atoliseholds and households with elderly

people.
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Table 4.10 — Welfare level numerousness (percerdadke total)

household type

1 2 3 4 5 6
level 1 13.2 9.9 9.5 7.6 8.9 12.7
level 2 21.1 21.8 20.8 20.9 20.3 23.2
level 3 26.5 27.7 29.1 30.6 29.1 25.6
level 4 16.3 18.4 18.7 19.3 19.4 16.3
level 5 22.9 22.2 21.8 21.5 22.3 22.3
total 100 100 100 100 100 100

After having defined welfare levels, prices were@malized to unit in the initial period,
identified with 1998, when the carbon tax had ne¢rbadopted. Then, following Tiezzi
(2005), the difference between the TCOLs in twonac®@s was computed, a scenario
without carbon taxation (A) and another in whichboa taxation — in its different forms
(see Paragraph 4.4.2) — was introduced (B). Finaflyorder to compute TCOLs the
expenditure levels needed to be made comparabtethie purpose, the equivalent
expenditure was computed by using an equivalerale sstimated by Perali (1999). | had
to adjust them to be applicable to the househaldBlgs used in my estimation: in fact, in
some cases Perali (1999) differentiated househalfilgs even more and then | needed to
compute an average equivalence scale. The equoeaksales used in my estimation are
defined with reference to the household profiledjgie without children”: then, in terms of
adult-equivalent, the equivalence scale for thissetold profile is 2 (using the household
types included in my empirical model, the coupleheut children is represented by the
second household profile). With regard to otherdedtwld profiles, the equivalence scale
used is represented by: 1.62 (single-adult houdehd?.53 (up to four adults households),
2.495 (households with children), 2.45 (househaldb young people), 1.04 (two elderly
people households). This means that, for instaadeusehold with young people needs
2.45 times the expenditure of the two-adult houkkhoorder to enjoy the same welfare
level. Adopting the equivalence scales describBdha welfare measures computed and
commented in the following could be expressed uadent expenditure terms.

4.4.2 The different taxation scenarios

The main taxation scenario (B1) simulated refershi carbon tax introduced with the
Budget Law for 1999 (see Paragraph 1.8.1): for theson, the price series of energy
products starts to differ from 2000. Unione Peteo& has provided fuels and heating fuels
prices, broken down into industrial price and ee@smponents: on this basis, it has been

possible to construct the price series for the agenunder which the carbon tax is
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introduced and not frozen up after the first ydarparticular, excise augmentation was
distributed on seven years, up to 2005, in linehvidPCM 15/1/1999. The carbon tax

prices series was computed for every transport fusd the prices were then aggregated
using ISTAT weighting coefficients. During this @eal used data provided by Unione
Petrolifera and in this way | could take into calesation the distance of the real excise
from the objective level. Then, the prices whicbludle the carbon tax were merged to the
sample with households divided in expenditure kevdh Table 4.11 the excise

augmentation pattern is shown: the total increassded to achieve the 2005 objective

level was equally distributed on seven years.

Table 4.11 — Expected excises under scenario BR(EL¢)

1999 2000 2001 2002 2003 2004 2005

Unleaded fuel 0.539 0.522 0.524 0.542 0.542 0.559 0.563

Unleaded fuel (carbon tax) 0.537 0.546 0.556 0.565 0.575 0.584 0.594

Diesel 0.400 0.383 0.385 0.403 0.403 0.403 0.411
Diesel (carbon tax) 0.402 0.413 0.424 0.435 0.447 0.4583 0.469
LPG 0.156 0.146 0.147 0.157 0.156 0.157 0.157
LPG (carbon tax) 0.163 0.154 0.146 0.1383 0.130 0.121 0.113
Heating fuels 0.400 0.378 0.367 0.403 0.403 0.403 0.403

Heating fuels (carbon tax) 0.400 0.414 0.425 0.436 0.447 0.458 0.470

Three other scenarios were simulated, two of wiaigh simple re-modulations of carbon
taxation scenario B1, aimed investigating and detgdf excise augmentation of heating
or transport fuels individually has regressive ictpaThen, under scenario B2 only prices
of heating fuels were increased whereas under g6oeBa only prices of transport fuels.
Scenario B4, on the other hand, simulated an iatéron on electricity prices, following
several experiences in the Nordic countries (seagfaph 1.6). Since DPCM 15/1/1999
also introduced a gradual increase of the excisenefgy products used for electricity
generation, the consequent price increase was tsambmpute the augmentation of
electricity prices. This augmentation was consedatonsidering that from 1999 to 2005
the Italian energy mix had changed: for this puep@sweighted average of energy sources

(steam coal, natural gas and heavy fuel oil) prmo@eases was computed, where the
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weights were the annual shares in energy*inik should be mentioned that this scenario
has several limitations: namely, it does not tak® iaccount electricity produced using
renewable sources or the increased competitivesfesgported electricity (exempted from
the tax).

These scenarios, even if not so distant from thie s@enario B1 — as in scenario B2 and
B3 — or simple in the way they model energy markets in B3 — aim to show that my
methodological approach allows different options exological tax reforms to be
compared.

4.4.3 The results

As | anticipated in Paragraph 4.4.1, | estimatedOL§, compensating and equivalent
variations both with AIDS and QAIDS parameterspmder to detect differences between
the two functional forms. The linear functionalforadopted with AIDS always estimates
greater welfare impacts with respect to the quadfanctional form. Here, by way of an
example, | include only the graph related to conspéing variation for the lowest and the
highest welfare level (respectively 1 and 5) in tecro-region North, computed for all the
examined years (Figure 4.9). Given this overesionaand the statistical significance of
the quadratic specification, in what follows | wdhly discuss welfare impacts from the
QAIDS estimation.

Figure 4.9 — AIDS versus QAIDS (Euro 1998)
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In this paragraph compensating and equivalent wamiawill be commented both in
absolute values and as percentage of total expeeditin fact, the analysis of
compensating and equivalent variation in absolaiees is useful in order to investigate
the direct impact of carbon taxation and the pdl#silblo compensate specific expenditure
classes or household profiles. On the other hanly, the examination of compensating

and equivalent variation as percentage of totaleedjiure allows to identify potential

0 The impact of the carbon taxation on electricitic@s has been computed employing as weight theopar
electricity tariff which reflects the generatioméf) cost, as provided by AEEG (2003; 2005).

182



regressive impacts of the taxation scenarios sitedld-urthermore, the absolute values of
CV and EV represent an annual welfare impact, wdsetiee values in percentage terms are
referred to monthly total expenditure.

In the following graphs (Figure 4.10), Compensatiariation (CV) and Equivalent
Variation (EV) computed under scenario B1 are camgbdor the macro-regions North,

Centre and South (see also Appendix Ill, Table I).

Figure 4.10 — CV versus EV under scenario B1 (H9@8)
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CV versus EV - CENTRE -B1

120
100
— & —livellol_VC
—e—livellol_VE
80 —-m-—livello2_VC
—8— livello2_VE
60 — - & - —livello3_VC
—aA— livello3_VE
—-&-—livello4_VC
40 ——o— livello4_VE
—-% - —livello5_VC
—— livello5_VE
20
0
2000 2001 2002 2003 2004
CV versus EV -SOUTH - B1
120
100
— & —livellol_VC
—e—livellol_VE
80 —-m-—livello2_VC
—8— livello2_VE
60 — - & - —livello3_VC
—aA— livello3_VE
—-&-—livello4_VC
40 ——o— livello4_VE
—-% - —livello5_VC
—— livello5_VE
20
0

2000 2001 2002 2003 2004

184




In the North, the highest welfare impacts are olrespecially concerning expenditure
level 5; CV and EV values are relatively lower hetCentre in the period 2002-2003.
Beyond this, the three macro-regions show a comimemd. The particular trend observed
in 2001-2002, according to which welfare impacts aery higher in the first year and
lower in the following, would require further inuegations. Since the excise augmentation
is equally distributed and strictly increasing aheé consumption of the taxed products
shows a regular pattern in the years examined,ttieetrend is likely to be due to specific
factors or omitted variables. The specificity 002Ccould be attributable to a change in the
composition of the aggregate goods on which carlexation was simulated: a
modification in the relative weights of the indivia goods in them is likely to have
occurred. Furthermore, 2001 could have been charaetl by adverse climate conditions,
which could have influenced the taxed products dwhanaking it more inelastic.
Probably the introduction of Euro in 2002 has gkayed a role in inverting the trend
observed for the previous year.

Second, it can be seen that EV is always lower @Mpexcept for the expenditure level 5.
In particular, the difference between these welfaneasures decreases when the
expenditure level increases: compensating variaioron average 25% greater than
equivalent variation for level 1, 10% for level326 for level 3 and 2% for level 4; on the
opposite, equivalent variation is on average 2%atgrethan compensating variation for
level 5 (Appendix Ill, Table 1).This is coherent with the standard economic theory
according to which the willingness to pay for awogla price increase iswer than the
willingness to accept compensation. The specifitepa observed for richer households
could confirm the hypothesis of environment as »uty good with which — when the
welfare level is very high — a willingness to pagttis higher than a willingness to accept
compensation is associated.

Finally, the graphs included in Figure 4.10 hightighe differences between macro-
regions, showing that in the North both compengadind equivalent variations are higher,
representing more important welfare impacts. Theaiots in the South are in second
position according to their relevance whereas tigaicts in the Centre are maneasured.

In particular, compensating variation in the Censgreon average 9% lower than in the
North (level 1 and 5 both lower than 12%) and & 8outh it is lower than 5% (level 4 and
5 respectively lower than 4% and 10%). This coulddue to a differentiation in the

consumption structure and the presence of diffesabstitution opportunities, linked for
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instance to public transport supply; for more detai the differentiation among macro-
regions see Figure 4.14, while for an analysigggragate terms see Paragraph 4.5.
Similarly to Figure 4.10, Figure 4.11 shows the panson among CV and EV under
scenario B2, under which only heating fuels areedaxthe difference detected in the
previous graphs are observed also in this caseedept only the graph for the North
because the trend remains unchanged in the othe@romegions; the amount of
compensating and equivalent variation however shsamse differentiation among macro-
regions which is worth mentioning (see Appendix Tiable ). Compensating variation in
the Centre is on average 12% lower than in theiN@nt particular, for level 1 and 5 it is
respectively 18% and 14% lower), whereas in thelsd% lower (in particular, for level 5
it is 11% lower). Also the percentage variation ¥ among macro-regions shows a

similar pattern.

Figure 4.11 — CV versus EV under scenario B2 (Ei998)
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As expected — since only one kind of energy praligttaxed — welfare impacts under
scenario B2 are less relevant than in scenariottd4:suggests that a comparison among

scenarios can be interesting (see Figure 4.15).
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With regard to scenario B3, Figure 4.12 comparesatisolute values of compensating and
equivalent variation in the macro-region North. @@msating variation in the Centre is on
average 1% greater than in the North, whereaseirsthuth 3.5% greater, in particular with
respect to level 1 and level 5 which experimenpeetively welfare effects 3% and 4%
higher. Also in this case the trend observed in ghecentage variation of EV among
macro-regions remains coherent.

Even if, as in scenario B2, carbon taxation is dalyed on one type of energy product,
taxing heating fuels produces higher welfare impdbhain taxing fuels. The percentage
variation of welfare among the different simulassgnario can be computed: on average,
in the North scenario B2 affects welfare 38% Iésstscenario B1 (it is interesting to note
that the difference becomes less marked when thenelkture level increases: 67% less for
the lowest expenditure level and 24% less for tighdst) whereas scenario B3 affects it
60% less (on the contrary, in this case, the difiee becomes more marked when the
expenditure level increases: 33% less for the loergenditure level and 76% less for the
highest). The Centre represents the macro-regioaravthe differentiation of welfare
impacts among the different scenarios is more prooced (B2 affects welfare 41% less
than scenario B1 and scenario B3 63% less) wheheaSouth shows a differentiation
among scenarios very similar to the North. In bathcro-regions the increasing or
decreasing pattern observed in the differentiatemmong welfare levels remains

unchanged.
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Figure 4.12 — CV versus EV under scenario B3 (E1998)
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As far as scenario B4 is concerned, | will deferaihalysis to the end of the paragraph: due
to its scarce relevance in terms of price increasasd then of welfare effects — it would
have been difficult to compare it with the otherbma taxation scenarios.

Figure 4.13 demonstrates that the annual impacs ¢t show relevant changes for
different household profiles except for househgiaet6; | have put ithe graphs only for
macro-region North, because the other macro-regitsot show relevant differences.
The aim of this figure is to show the differentiatiof the welfare losses in monetary terms
produced by the different taxation scenarios sitedlawelfare effects can be directly
compared among different household profiles becdlisg are expressed in equivalent
expenditure terms, since equivalence scales wengoged. If we examine the three
different scenarios, we discovers that the compbtiet determines a heatgx burden on
households with elderly people is represented layimg fuels. With regard to this point, |
want to specify again that in the South the impadtscenario B2 are slightly lower,
demonstrating that the consumption of heating fuglselatively less relevant in this
macro-region. It is worth to be mentioned that almompensating variation is not always
included between 2000 and 2005 values: for instance2002 welfare impacts are lower
than in 2000, whereas in 2001 higher than 2005 fwrtB1 and B3.
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Figure 4.13 — Comparison between scenarios B1BBZfamtipo, Euro 1998)
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In order to assess the problem of carbon taxatmtential regressivity, the burden of
compensating variation on total expenditure hdsetocomputed. Relatively to scenario B1,
the analysis of the percentage variation of welédfects with respect to level 1 shows that
the ranking between macro-regions is Centre, Nanmith South, except in 2003, when the
intensity is greater in the North, followed by tBeuth and Centre. On the other hand,
scenario B2 implies a percentage variation in welfapacts higher in the North, followed
by the South and Centre; under scenario B3 theeptage variation of welfare effects with

respect to level 1 is greater in the South witlpeesto the North and Centre (Figure 4.14).
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After these considerations and the descriptionhef differentiation among the absolute
values of compensating variation among macro-regighgure 4.10-4.12), Table 4.12
shows the burden of compensating variation on @tpenditure for the taxation scenarios
B1l, B2, B3. The average national welfare impacts expressed in percentage of total
monthly expenditure in order to investigate theresgivity of the different scenarios

simulated.

Table 4.12 — Average national welfare impacts irc@etage of total monthly expenditure

Scenario B1
2000 2001 2002 2003 2004 2005
levell 0.197 0.307 0.151 0.257 0.208 0.213
level2 0.338 0.541 0.283 0.413 0.403 0.434
level3 0.393 0.629 0.336 0.462 0.479 0.513
level4 0.407 0.653 0.352 0.471 0.498 0.536
level 5 0.384 0.616 0.334 0.431 0.468 0.497
Scenario B2
2000 2001 2002 2003 2004 2005
levell 0.131 0.176 0.144 0.166 0.195 0.181
level2 0.169 0.304 0.176 0.219 0.289 0.301
level 3 0.230 0.401 0.231 0.276 0.370 0.384
level4 0.253 0.439 0.255 0.299 0.397 0.416
level5 0.255 0.438 0.254 0.290 0.385 0.398
Scenario B3
2000 2001 2002 2003 2004 2005
levell 0.164 0.228 0.106 0.190 0.112 0.130
level2 0.168 0.235 0.107 0.192 0.113 0.132
level 3 0.162 0.225 0.103 0.185 0.108 0.127
level4 0.153 0.211 0.096 0.171 0.100 0.118
level5 0.128 0.175 0.079 0.139 0.081 0.097

The potential regressivity of the carbon tax introgld with the Budget Law for 1999
(scenario B1) can be rejected, consistent withreékalts obtained by Tiezzi (2005), even if
taxation burden decreases from the medium-highelldy to the high (level 5) welfare
level in all the years examined. With the excepbdthis result, Table 4.12 shows that the
compensating variation as percentage of total ekipee increases with the welfare level.
The presence of regressive impacts can also bededlfor taxation scenario B2; on the
other hand, taxation scenario B3 turns out to lgeessive since compensating variation in
percentage terms decreases when welfare levebisese

Examining the percentage variation in welfare inipadth reference to level 1 can help in

identifying particular phenomena or years whichedlite or exacerbate the carbon
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taxation distributive effects. On average, the negressivity of scenario Bl is confirmed,
even if the welfare impacts for the highest welflaneel are relatively lower: with respect
to level 1, welfare impacts are 82% higher for 1e2,€113% for level 3, 121% for level 4
and 107% for level 5. 2001 turns out to be a paldicyear: the progressive distribution of
welfare impacts is less marked (76% higher forll@yd05% for level 3, 112% for level 4
and 100% for level 5); this phenomena could betduspecific climatic conditions which
make the demand inelastic for all the expenditevels.

Under scenario B2, welfare impacts are obvioustiuced in terms of percentage of total
expenditure (Table 4.12) and for this reason als® @bsolute values of percentage
variations with reference to level 1 are reducedweler, also in this case the non-
regressivity can be confirmed: with respect to leyewvelfare impacts are 45% higher for
level 2, 89% for level 3, 105% for level 4 and 10286 level 5. The specificity of year
2001 previously highlighted could be ascribablénéating fuels demand: in fact, in this
period, scenario B2 produces greater percentagatioas in welfare impacts (63% higher
for level 2, 128% for level 3, 150% for level 4 aby then, this pattern is therefore likely
to be due to the severity of winter.

By computing the percentage variation of welfar@ats in scenario B3, the regressivity
of this scenario clearly emerges: with respecetel 1, welfare impacts are 2% higher for
level 2 and 2% lower for level 3, 9% for level 4da26% for level 5. In this case welfare
impacts distribution does not substantially difierm one year to another, demonstrating a
higher level of independence of fuels demand frapgenous factors.

Table 4.13 is aimed to show the annual welfare ioggar 2000 as a percentage of total
expenditure distinguishing both household type wamifare level. Contrary to what has
been found in other similar studies (Smith, 2009m8ns et al., 1998; Cornwell and
Creedy, 1996), the tax burden is progressivelyribisied across households at different
welfare levels. It can be observed that the taxdéurpredominantly affects households
with up to four adults whereas it decreases forilfasn with young people and, in
particular, families with children. This result che linked to car ownership (Tiezzi, 2005):
for households consisting only of adults the caveed —and then fuels consumption — are
likely to increase with the number of members, Whiclearly not the case in households
with children; households with young people progabhbve an intermediate pattern

compared with the previously examined households.
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Table 4.13 — National welfare impacts as percent#gmtal expenditure in year 2000
(scenario B1)

levell level2 level3 leveld level5
famtipol 0.106 0.298 0.385 0.428 0.437
famtipo2 0.212 0.346 0.404 0.423 0.401
famtipo3 0.263 0.369 0.404 0.405 0.355
famtipo4 0.245 0.340 0.380 0.384 0.342
famtipo5 0.257 0.352 0.380 0.376 0.322
famtipo6 0.152 0.329 0.421 0.463 0.473

Figure 4.14 highlights the differentiation betwediiferent regions of compensating
variation expressed as percentage of total expeedit have chosen to present only three
welfare levels since in this way the comparisonmade easier without loosing in
significance. It is when examining scenarios B2 &3dthat relevant differences among
regions arise. The pattern followed by B2 welfdfeats is similar to the one that arises in
scenario B1; in the North, more important impa&s be observed with regard to heating
fuels taxation, probably due to climate effectsfént, the order of the remaining macro-
regions is Centre followed by the South with respe¢he magnitude of welfare impacts).
The relative higher importance of heating fuelth@ North is also confirmed by the values
of the parameters associated with the regionaskating intercepts (see Appendix I, Table
[l). In fact, they enter with a negative valuetire estimation of heating fuels expenditure
share in the Centre and South (and in this casedé#fficient is higher in absolute value)
and with a positive value in the North (the intgricassociated to this macro-region is not
included in the Table Il and Table Il in Appendibecause they were obtained through
the adding-up constraint).

Differently, pattern B3 is very different from s@ios B1 and B2: welfare impacts are
higher in the South and this could be due to tle¢ tlaat — with the exception of some
isolated examples — public transport is less effitiin this macro-region. Scenario B3
implies reduced welfare impacts when comparing thath welfare impacts related to
scenario B2. Even if the own-price elasticity @risport fuels is lower than that of heating
fuels (Table 4.3) — and this is likely to imply higy welfare impacts when the first energy
product is taxed — the adaptation and substituneasures are probably more immediate
for transport fuels (namely, orienting consumptiomwards public transport rather than
changing heating devices in order to use elegfriaitits place). With regard to scenario
B1, there is not a relevant difference in the conspéing variation burden among medium
and high welfare level (and also considering théiora-high which is not presented in the
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graphs). The same holds in taxation scenario B2thencontrary, the regressivity of

scenario B3 is confirmed.
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Figure 4.14 — Comparison between scenarios B1BBZwelfare levels and macro-regions)
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In Figure 4.15 the differences among scenarios B2.,and B3 are shown, expressing
compensating variation as percentage of total edifpge; | have decided to make this
comparison only for the macro-region North afteving checked that the observed trend
remains unchanged for the other macro-regions.gréyeh included in the figure represent
further confirmation of non-regressivity of carbdaxation in Italy. An important

difference is represented by the fact that for lldvecenario B3 produces higher welfare
impacts than scenario B2, whereas for all the otix@enditure levels the ranking is B1,
B2, B3. This could be due to a transport fuels deinanked to necessary displacements,
which can highly be replaced by public transpottization. Also in this case it could be

observed that a high similarity holds in the congagimg variation burden between

medium, medium-high and high welfare levels.

Figure 4.15 — Comparison between scenarios B1BBZyelfare levels)
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In the following | will briefly comment the taxatmoscenario related to electricity price
augmentation: As | already mentioned, scenario B4 separated from the other because

of its particularly low welfare impacts.

Figure 4.16 — Scenario B4 (Euro 1998)
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From Figure 4.16 it clear that the carbon taxatioplemented under scenario B4 would
be equally distributed and it would therefore repré a type of proportional taxation. This
is probably due to the fact that electricity isee@ssary good and households in all welfare
levels are likely to enjoy its use in a similar poation, beyond their total expenditure
level.

Finally, | have checked for the presence of a sedoend in the welfare effects, namely
compensating and equivalent variation values, tlogtit not the case in all scenarios, even

if the translating intercept are statistically sfgrant (see Appendix |, Table Il and III).

4.5 Aggregation and raised revenue
This paragraph will take into consideration botle tbomputation of the aggregate

compensating and equivalent variation and the asitom of the revenue raised by carbon
taxation. For this reason Paragraph 4.5 is dividetvo parts: the first part will deal with
the computation of aggregate welfare measures,es@behe second one will be related to
the description of the method adopted to compuigedarevenue. Finally, the results
developed with these separate approaches will eeobed and commented.

In the Survey on Household Expenditul8TAT also includes a coefficient for every
record in the database which allows the individdata to be converted to the existing
population: these coefficients indicate how manydaholds with characteristic analogous
to the one interviewed there are in Italy in theafic year that the Survey on Household
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Expenditure concerns. | used these coefficient® d@¢ and EV had been computed in
order to obtain their aggregate values.

When | constructed the sample used in the demastdrayestimation, | have excluded the
household types which did not correspond to anthefchosen categories (household 1-6,
see Paragraph 4.Jxamining the percentage of households includedyirsample on the
total of italian households | have checked that ldss of significance is around 40%.
Another point that has to be specified is relatedhe fact that | did not consider the
revenue raised from primary, industrial and teytisectors when carbon tax is introduced
because | have not adopted an approach that altowsbe computed such as an input-
output or equilibrium approach (bottom-up or topvidd. These issues have to be
considered when comparing the revenue raised valoisned from my simulation with
the effective revenue variation for 1999. AlreadyHaragraph 1.8.1 some considerations
were made on the amount of additional revenueddgecarbon taxation.

With regard to this point, it is also importantdbserve that the raised revenue hypothesis
included in the Technical Appendix of DPCM 15/1/998as a projection (Table 1.15), in
which there was no distinction between the contrisuof the residential sector and the
primary, industrial and tertiary sectors. Moreovénese projections were calculated
assuming no behavioural responses to carbon tasdunttion: then, the hypothesis of
constant consumption levels is likely to imply dgeraestimates of raised revenue with
respect to those presented in the following.

My final intention was to compare welfare impactthwevenue raised and, on this basis,
investigate the potential of compensating somegcaites of consumers if the welfare
impacts turned out to be regressive or too highdaacceptable (with reference to some
threshold level identified by public authoritiesdapolicy makers). For this reasons, |
computed the aggregate welfare measures and tleauewaised only for the taxation
scenario B1, which modelled the carbon tax intreduio Italy with the 1999 Budget Law.
In general, this approach allows the revenue raisedifferent taxation scenarios to be
computed and compared and this can be useful fdeming policy makers information
basis.

An important feature of the aggregation method &elbs represented by the possibility of
analysing the contribution of all the householdsluded in each welfare level and
examining the relevance of carbon tax impact alsmgregate level through the aggregate
compensating or equivalent variation. In other wgorthe results obtained for each

expenditure level of the extracted sample can loeerbed to the existing population, and,
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in this way, carbon tax impacts be weighted for nnenerousness of households in each
expenditure level. The results shown in Figure €43ble to evaluate the burden of carbon
taxation on each welfare (expenditure) level; oims thasis, specific compensative

intervention could be modulated.

In what follows | will only comment on the aggregatompensating variation since the

difference highlighted in Paragraph 4.4 betweesn Welfare measure and the equivalent

variation remains unchanged also at aggregate. level
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Figure 4.17 — Aggregate compensating variationféwellevels, Euro 1998)
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According to the results of my estimation, carbaxation introduced in Italy in 1999 -
and frozen in 2000 — would have had welfare impautseasing with expenditure class
also at aggregate level (Figure 4.17). At aggrelgatel, taxation burden in the Centre is on
average 62% lower than the burden in the Northpgetsvely, 50% and 73% lower for
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level 1 and level 5), and in the South it is 33%#do (while for level 5 the burden is 70%
lower, for level 1 it is 25% higher with respecttt® North). In the South, and to a lesser
extent in the Centrehe welfare impacts at aggregate level appear tmdre relevant for
expenditure level 3 than for expenditure level @;the North, the aggregate welfare
impacts for these expenditure levels are almostondént. This is likely to be due to a
more relevanhumerousness of expenditure level 3, which is nmaeked in the South
and Centre macro-regions (see Table 4.10 for welearels numerousness). Moreover, the
computation of compensating variation converting tsample used to the existing
population makes even more evident how welfare atgpan the North are more
pronounced, both for the lower and higher expenglitclasses. The high population
density of the macro-region North emphasizes thedialready detected at not aggregate
level: then, it could be said that in the North tirefare impacts are greater, maybe due to
a generally higher expenditure pattern, and to edenghem taking into consideration the
total of households makes them even more relevant.

Figure 4.18 shows the aggregate compensating iaridor the expenditure classes
summed all together. The graph clearly is usefulineestigate the macro-regional
differentiation of welfare impacts: this is not prdue to the fact that the North is more
populated but because its consumption of energguats is higher. This could be
considered further confirmation of the absence dbfeese distributive effects of carbon

taxation when its impacts are examined on macrmnadjlevel.

Figure 4.18 — Aggregate compensating variation (oraegions, Euro 1998)
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In the following table (Table 4.14), the aggregedenpensating variation (welfare losses)

are shown, for each expenditure level and housgpralfile: for each year included in the
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simulation, the total welfare loss was computed] also for each expenditure level and
household profile across the years examined. Iatecolumn, the cumulate welfare loss
for expenditure level or household type value igregsed as a share of the total in order to
highlight differences in the distribution of taxaii welfare impacts. With regard to the
expenditure levels, it can be seen d that the cataxation simulated under scenario B1
implies welfare losses which are progressively rithigted. Examining the household
profiles, at aggregate level the welfare loss aflg-adult and two-adult households is
almost the same whereas the corresponding aggregatgensating variation for
household profiles 3 (up to four adults) and 5 ljwibung people) is surprisingly lower.
For three/four adult households, the annual weliags goes from EUR 2.8 million (1998
exchange rate, Euro 1998) in 2000 to EUR 3.5 mmillio 2005, at the target level of
taxation; conversely, for households with younggdeahe annual welfare loss amounts to
EUR 4.6 million in 2000 and to EUR 5.6 million i®@5. On the contrary, the aggregate
compensating variation appears to be particulargh Hor elderly people households
(profile 6) and for households with children (ptefid): for household profile 6, the
aggregate compensating variation equals EUR 6.8&mih 2000 and EUR 15.1 million in
2005, while for household profile 4, it amountsBOR 7.6 and 10.1 million respectively.
This differentiation in annual welfare loss could due to a different numerousness of
threeffour adult households and households withngoypeople if compared with
households with elderly people and children.

Table 4.14 — Aggregate compensating variations fanel losses) at national level
(million/Euro 1998)

0,
2000 2001 2002 2003 2004 2005 total % t‘c’)'t"atlhe
level 1 0.496 0.854 0.372 0.728 0.691 0.644 3.786 1.4
level2 3.297 5.606 2.958 4.574 4.821 5.523 26.779 10.1
level3 7.956 13.274 7.186 10.133 11.365 12.866 62.779 23.7
level4 7.258 11.583 6.562 9.164 10.443 11.928 56.938 21.5
level5 14.744 25.031 12.855 18.040 21.462 22.931 115.062 43.4
total 33.751 56.348 29.932 42.639 48.782 53.892 265.344 100
famti pol 5.584 9.308 5.040 7.580 7.992 10.100 45.604 17.2
famti p02 6.295 10.100 5.220 7.493 7.887 9.481 46.477 17.5
famti p03 2.809 4.934 2.688 3.764 4.040 3.488 21.723 8.2
famti p04 7.582 12.100 6.344 8.846 9.096 10.100 54.068 20.4
famti po5 4.588 7.007 3.689 5.385 5.066 5.623 31.358 11.8
famti p06 6.893 12.900 6.950 9.571 14.700 15.100 66.114 24.9
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In order to estimate carbon taxation’s raised raeem simple method has been adopted
represented by computing the total differentialgofntity in real terms, indicated with
Q(w, p) with respect to prices and the expenditure sladrenergy products. In fact,
computing raised revenue requires having valuesahterms at disposal: for this purpose,
the quantity consumed of heating and transportsfueas derived by dividing real
expenditure by the price in real terms, for eveearyincluded in the taxation scenario.

Then, the total differential was computed, accagdmthe expression (4.9)

XXAW  XXW 4.9
AQ = -2 = np (4.9)
p p
XAW  XXW
AQtax = _ . notax Ap
pnotax pnotax

wherex represents total expendituke the expenditure share on heating or transporsfuel
andp their price;4w was computed by using the estimated own-pricdieitysfor heating
and transport fuels. Once the quantity consumedblean derived, the revenue raised by

the carbon tax was computed using the followingatiqn

G(Q,t) =Qxt (4.10)

wheret is the excise rate corresponding to Bl taxatienaxdo. Then, the variation in
raised revenue determined by the carbon tax cactotmputed by using the total revenue
differential

AG,, =txAQ, +QxAt (4.11)

| developed an approach in terms of revenue vanatiecause carbon taxation in Italy
modified the existing excise rates on energy prtglaad it did not introduce excise rates
ex novo Clearly, in order to obtain the national revemased, the aggregate consumed
quantity should be computed using ISTAT coefficteas in aggregate welfare measures.
Also in this case the choices made when constmictthe sample imply a
representativeness loss; but | would like to poirtthat reconstructing consumed quantity
in this way (and not importing it from external soes) avoids problems of non-
comparability with aggregate welfare impacts datity demand system estimation. The
following figure shows the raised revenue from eaxatro-region included in the sample,
namely North, Centre and South. In every year efdhalysis, the North represents the
macro-region from which the raised revenue is tleatgst. The South follows the North,
in terms of raised revenue in all the examined yyeascept 2003, when the amount of

revenue raised from the Centre is higher.
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Figure 4.19 — The carbon tax raised revenue (EQ88)L
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Table 4.15 shows, for the initial and final yeartbé carbon taxation scenario Bl, the
raised revenue from each expenditure level, botmametary and in percentage terms. |
believe that this table is particularly importariiem evaluating the potential regressivity of
aggregate distributive impacts. In fact, the tabtmtains also two columns with the
number and the percentage of households correspptaleach expenditure level: looking
at the two columns in percentage terms, it canele@ shat they follow a similar trend and
that at aggregate level, carbon taxation impaass® be not adversely distributed. The
only difference in the trend followed by raised eaue and the number of household
percentages is represented by the contributiomefekpenditure level 2 and 5: the first
level contribution in terms of revenue raised i&édo than its significance in number of

household terms, the second one is higher. Thabpraaxation impacts at aggregate
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level appears to have a pro-poor distribution wipalticularly favours the medium-low

income class.
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Table 4.15 — Raised revenue and household numerssigwelfare levels, Euro 1998)

Raised revenue % of the total Number of households % of the total

level 1 1,449,376 3 1,183,304 9
level 2 5,703,021 14 2,644,914 21
level 3 11,592,396 28 3,669,529 29
2000 jevel 4 8,982,399 22 2,306,935 18
level 5 14,030,213 34 2,879,000 23
Total 41,757,405 100 12,683,681 100
level 1 2,553,974 3 1,236,145 9
level 2 11,190,370 15 2,926,045 22
level 3 20,706,728 28 3,898,135 29
2005 jevel 4 16,035,435 22 2,471,012 18
level 5 22,563,300 31 2,890,398 22
Total 73,049,807 100 13,421,736 100

Table 4.16 includes the excess burden producedalyon taxation under scenario B1,
computed according to the equation ( 2.1 ). Thentityaconsumed needed in order to
calculate the excess burden has been obtained tirgpme procedure adopted in raised
revenue computation (see equations ( 4.10 )). Omoe, it can be assessed that carbon
taxation would not produce adversely distributedfave effects, expressing them in terms

of excess burden. In Appendix I, Table Il shows £xcess burden for macro-region.

Table 4.16 — Annual excess burden at national l@alo 1998)

2000 2001 2002 2003 2004 2005
levell 2.8 5.3 2.0 4.5 35 3.4
level2 11.0 18.9 9.5 15.0 15.7 171
level3 20.6 34.8 17.8 26.4 29.7 31.7
level4 30.7 51.6 27.1 39.0 44.6 48.3
level5 51.4 88.3 47.6 64.4 76.3 81.5

This paragraph confirms that the simulated carbaation scenario B1 is not regressive. If
regressivity occurred — or if the impacts on sonpecdic social categories were
particularly high in relative terms — the analydeeloped would have made light on the
possibility of using the revenue collected to inmpéat compensation mechanisms.
Furthermore, the analysis carried on in this paalgrdemonstrates how a method initially
conceived to estimate micro-economic effects cao bé used to develop macro-economic
projections. In fact, the welfare measure compoitais relatively straightforward once a
demand system has been estimated whereas theiradsmp with revenue raised
estimation (always based on demand system’s outpag) been rarely developed in

literature, even if connecting these approacheswanout to be very interesting.
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4.6 Conclusions and future research developments
The analysis of carbon taxation impacts, not omitlee distributional side, is particularly

scarce in ltaly, even if this topic is crucial teetdevelopment of Post Kyoto policy
strategies. My work gives several contributionshi® existing literature on the topic. Two
different demand systems have been estimated, AMRISQAIDS, and the related results,
in terms of welfare impacts, have been briefly cared. The estimation has been
performed by defining three macro-regions and siMsehold profiles and translating the
demand system so that this differentiation canakert into consideration. Then, price and
demand elasticities have been estimated: theysepta valuable output because they can
be employed by other studies in which the energyosecan be analysed more widely.
Four different scenarios have been simulated aedrthin taxation scenario (B1) models
the carbon tax introduced in Italy with the Budgatv for 1999: the years in the sample
extracted from theSurvey on Household Expenditure are those for wipabgressive
excise rate augmentation was planned. Using Trust @oLiving Indices, two different
welfare measures, represented by compensating gquoivaéent variation, have been
calculated. Some considerations on raised reveave been made, showing how demand
system estimation can be used for public finanogeptions and evaluations.

The empirical work has demonstrated the environalegitectiveness of introducing an
ecological tax reform such as carbon taxation ayJtgiven the high price elasticities of
energy products. Furthermore, public transport tkased out to represent a key sector
when trying to mitigate environmental impacts @ngport fuels consumption (high cross-
price elasticities with transport fuels): incregsimvestments could be an important
strategy to be associated with carbon taxatiorrderoto mitigate its effects.

The examination of elasticities computed for thifedent household profiles has shown
the importance of distinguishing household charasttes: in this way, a differentiation of
behavioural responses according to the demograpiofle can emerge. Moreover,
incidence analysis has demonstrated the existéndiéferentiated welfare impacts among
macro-regions. Since the amount of additional raeemised by carbon taxation is always
greater than the aggregated welfare impact, thémdtrsustains the possibility of
implementing compensation mechanism directed tcaticodarly affected household
profiles or geographical areas.

Finally, carbon taxation does not embed regressigacts; this confirms the findings
obtained in a previous study by Tiezzi (2005): ititeoduction of carbon taxation in Italy

does not imply regressive impacts when evaluatiegitboth on the welfare (expenditure)
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levels that | have chosen and on aggregate lewek consider that in 2000 the carbon tax
had been frozen in part because of its potentgkssive impacts, this issue has not been
confirmed by my empirical model. The other main smwvhich had led to carbon tax
freezing was linked to inflation concerns and thereasing trend of oil prices: this issue
has become increasingly more relevant given cuménprices. Regard to this point, an
input-output or an equilibrium approach (bottom-wp top-down) would help to
disentangle the effect produced by two differentrees of augmentation in energy product
prices: the augmentation due to oil price incregasrends from the augmentation due to
carbon taxation. In fact, with such approacheshalcomplexity of the economic system
can be modelled (in our case, with a particulau$oon the energy sector), the assumptions
of complete translation on consumers relaxed aactfects of international oil price trend
taken into account.

The possibility of combining demand analysis withiaput-output or general equilibrium
approach represents only one extension of the aapwork | have performed. Clearly,
many extensions are possible and | will give herbériaf overview: some represent
refinements of the analysis conducted, other abstantial changes in the approach. The
first group of extensions includes the possibilify computing welfare measures for a
specific sample such as households that own alegl@mith, 2000) or household location
(Labandeira et al., 2006). Furthermore, the behaaiaesponses estimated can be used to
compute the consumed quantity change and then, eativerting factors, obtain the
polluting emissions reduction consequent from thecsic policy simulated. The chosen
approach can be improved by performing an anabysiadividual data, that is to say to
estimate a demand system not based on aggregae/atiens. | have chosen to work on
average expenditures, distinguishing the housepuaitle, in order to avoid the problem
of zero consumption of one or more of the itemssatered which often arise when
working on individual expenditures. The first estiion procedures for censored consumer
demand systems were developed by Heien and Wg4€818); Yen, Lin and Smallwood
(2003) and Yen and Lin (2006) provide useful litaera review on estimation procedures
for censored demand systems. In particular, diffie@pproaches to facing the issued
linked to corner solutions (zero consumption) imded system estimation are represented
by the efficient Generalized Maximum Entropy prosexddeveloped by Golan, Perlo and
Shen (2001), the consistent but less efficient @ggres such as Perali and Chavas (2000)
multi-step procedure and Shonkweiler and Yen (199®)-Step estimator, which involves

probit estimation in the first step and a seletth@ugmented equation system in the
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second step. In the probit estimation, the quarmitysumed of each good in the demand
system can be regressed on total expenditure amindes for household characteristics
and geographical location. In this way, demograghtbaracteristics could be included in
demand system to be estimated on individual dadaaanodel such as EASI, developed by
Lewbel and Pendakur (2008), can be employed.

Other relevant issues could be represented by ninkhis approach with general
equilibrium models (Giraudet and Quirion, 2008)bottom-up models, and also by using
the information provided by this method in the @xttof collective decision-making
theory. The first issue is connected to the apgrgaeviously mentioned (concerning the
oil price trend) which implies the possibility obiping the analysis focused on
consumption with a model that investigates the Bupjple of energy sector. MARKAL
(acronym for Market Allocation) is a widely appligmttom-up family of models which
deals with both the energy supply and demand ditleecenergy system. It provides policy
makers and planners in the public and private sewith extensive detail on energy
producing and consuming technologies, and it coateis to the understanding of the
interplay between the macro-economy and energy Wiseéhese models, the demand for
energy services may be disaggregated by sectodérdgl, manufacturing, transportation,
and commercial) and specific functions within atgece.g., residential heating, lighting,
hot water, etc.); the user defines technology c¢dstshnical characteristics, and energy
service demands. As a result of this integratedragu, supply-side technologies are
matched to energy services demands; the speatircafinew technologies, which are less
energy or carbon-intensive, allows to explore tHiects of these choices on total system
costs, changes in fuel mix, and the levels of dueaee gases emissions. Therefore,
MARKAL models are highly useful in understanding thole of technology in carbon
mitigation efforts and other energy system planngegtings. A variety of different
constraints may be applied to the least-cost swiutvith regard to this point, there has
been much speculation about the interaction betwesgmology policies and energy price
instruments such as carbon taxes or carbon permits.

The second issue is linked to the opportunity taneat this empirical analysis to the
collective decision making theory, in particulaingsthe output of the demand system
estimation as input in majority voters models:stican be done both directly, as in
elasticities, or indirectly, as in welfare impad®emer et al. (2004a; 2004b) analyse the
issue of political support for tax levied on an errblity-generating good. In their

approach, environmental taxes are determined bgritayoting, given a refund rule that
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specifies the proportions of the tax revenue thaedistributed to wage earners and capital
owners. Environmental policy is a very interestiisgue to explore from a political
economy perspective, and an important aspect gbrtbiglem is represented by its political
feasibility: the adoption of any environmental pglinvariably entails losers and winners
and this implies that policy makers are subjectat@onsiderable amount of political
pressure. The authors capture this element throagrsimplified model where
environmental policy is chosen by direct majoritgtimg, they postulate that rational
individuals, before casting their vote, assess paty the purely environmental
consequences, but also the distributional onedtefnative policies. In order to represent
this choice, they introduce distributional concemmadelling an environmental policy that
consists of two members, a tax and a budgetaryefand) rule. In democracies, a voters’
utility depends not just on the efficiency of a paldecision (the effectiveness of a
proposed policy to alleviate a market failure), blgo on the impact of the policy on the
voter's after-tax income. This suggests that they wae policy is financed plays a
fundamental role in determining the political sugpor environmental taxation: so, the
issue of revenue reutilization and compensationhaieisms seems worth to be further
investigated (Callan et al., 2008).

To conclude, the analysis of environmental polict@stributive impacts represents a
crucial issue when evaluating their political adedgity and feasibility. Consequently,
every approach based only on efficiency criterskgito be biased and to provide policy-
makers with insufficient or even biased informatidimen, the different policy options to
reduce environmental degradation policies needet@dmpared both on efficiency and
distributional grounds, and on this basis the prete intervention strategy has to be
identified and developed. In this context, investilgg the welfare impacts of carbon
taxation appears to be particularly interesting thu¢he possibility from benefiting of a
double dividend and the relevance of this policgtiument in the post Kyoto climate
change policy. To support the economic relevancthefspecific environmental policy |
have decided to examine, Nordhaus (2007) criticizesquantity based approach adopted
under the Kyoto Protocol and promotekarmonized carbon tax approach. In his view, the
advantages of carbon taxation are represented dhehiefficiency, accompanied by the
ease in capturing revenue and the lower incidentceent-seeking behaviour and
distortionary effects. Regarding this last pointpmomists typically have focused on
economic efficiency of environmental policies, ewbough there are usually important

distributional implications as well. Depending upthe distribution of welfare impacts,
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policies may be regressive in the sense that #fécts could be adversely distributed,
namely behigher for lower income group# fields such as climate change and energy
policies,where government intervention is needed since ee¢fits are positive and large
across income groups, the potential regressivity hmait a policy’s political and social
appeal. Even if environmental policy is likely topose adjustment costs, they are seldom
quantified in distributional studies. The heteragignof firms and households implies that
each has different possibilities to adjust to neNcpes: Hourcade (2001) argues strongly
that the importance of this fact has not been cefitly appreciated in the shaping of
environmental policy. This study is an attempt &aef this issue, concentrating on the
introduction of carbon taxation and its distribetivnpacts on Italian households. I firmly
believe that a priority in the process of shapimyi®nmental policies should be
represented by comprehensively evaluating theiriigional impacts: not only because
this is beneficial to the public debate and theegahunderstanding of how environmental
policy affects human welfare but because it comst# a crucial point for ecological tax

reform feasibility.
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Appendix |
Table | - AIDS national

Coef. Std. Err. z P>|z| [95% Conf. Interval]
alphal 0.420 0.015 27.910 0.000 0.391 0.450
alpha2 0.121 0.006 20.390 0.000 0.109 0.133
alpha3 0.033 0.001 24.750 0.000 0.030 0.036
alpha4 0.021 0.005 4.260  0.000 0.011 0.031
alpha5 0.004 0.005 0.840 0.402 -0.005 0.014
alpha6 0.400 0.014 27.640 0.000 0.372 0.429
betal -0.052 0.006 -8.890  0.000 -0.064 -0.041
beta2 -0.027 0.002 -11.880 0.000 -0.032 -0.023
beta3 -0.003 0.000 -7.530 0.000 -0.004 -0.003
betad 0.024 0.002 12.460 0.000 0.020 0.028
beta5 0.018 0.002 9.570  0.000 0.014 0.022
beta6 0.041 0.006 7.250  0.000 0.030 0.052
taull -0.360 0.052 -6.900 0.000 -0.463 -0.258
taul2 0.188 0.038 4,900 0.000 0.113 0.264
taul3 0.127 0.023 5.450  0.000 0.081 0.172
tauld 0.025 0.038 0.660  0.506 -0.049 0.099
tauls 0.016 0.042 0.390 0.694 -0.065 0.098
tau22 -0.246 0.039 -6.370  0.000 -0.322 -0.170
tau23 0.125 0.030 4.110  0.000 0.066 0.185
tau24 0.054 0.034 1590 0.113 -0.013 0.120
tau25 -0.157 0.031 -5.120  0.000 -0.217 -0.097
tau33 0.058 0.074 0.790 0.431 -0.087 0.204
tau34 -0.093 0.036 -2.540 0.011 -0.164 -0.021
tau3s 0.085 0.077 1.110 0.267 -0.065 0.236

In all the different models estimated, the firsuatipn concerns food, the second one
heating fuels, the third electricity, the fourtarisport fuels, the fifth public transport, and
the last (omitted in order to avoid singularity ipiems) other goods and services.

Then, the parametealphalis related to food expenditure shaatpha2to heating fuels
and so on; the same holds for parameters beta{gedion ( 3.32)).

Regardingtau parameters, they are employed for the computatfaine elements of the
Slutsky matrix theta parameters) in the Semiflexible Almost Ideal DetheBystem,
described in Paragraph 4.2: then, by way of examgld 1is used for the computation of
thetall taullandtaul2for the computation afhetal? entering in the food expenditure
share.

The auxiliary regression coefficients have beenti@ahi
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Table Il - AIDS regional

Coef. Std. Err. z P>|z| [95% Conf. Interval]
alphal 0.292 0.001 461.290 0.000 0.291 0.293
alpha2 0.051 0.000 127.010 0.000 0.050 0.052
alpha3 0.026 0.000 279.600 0.000 0.026 0.026
alpha4 0.088 0.000 314.820 0.000 0.088 0.089
alpha5 0.009 0.000 90.800 0.000 0.009 0.009
alpha6 0.534 0.001 685.270 0.000 0.532 0.535
alpham1 0.001 0.002 0.530 0.594 -0.002 0.004
alpham?2 -0.003 0.002 -1.610 0.107 -0.006 0.001
alpham3 -0.002 0.002 -1.120 0.261 -0.005 0.001
alpham4 0.003 0.001 4540  0.000 0.002 0.005
alpham5 -0.015 0.001 -19.680 0.000 -0.017 -0.014
alpham6 -0.018 0.001 -23.040 0.000 -0.019 -0.016
alpham?7 0.000 0.000 1510 0.132 0.000 0.001
alpham8 0.000 0.000 0.130 0.898 0.000 0.001
alpham9 0.000 0.000 -0.740 0.461 -0.001 0.000
alpham10 0.002 0.001 3.000 0.003 0.001 0.004
alpham11 0.003 0.001 4.010 0.000 0.002 0.005
alpham12 0.003 0.001 3.250 0.001 0.001 0.004
alpham13 0.000 0.000 1.070 0.283 0.000 0.001
alphami4 -0.002 0.000 -5.170  0.000 -0.002 -0.001
alpham15 0.001 0.000 2.660  0.008 0.000 0.001
alpham16 -0.007 0.002 -3.490 0.000 -0.012 -0.003
alpham17 0.016 0.002 7.530 0.000 0.012 0.020
alpham18 0.016 0.002 7.620  0.000 0.012 0.021
alpharl 0.016 0.001 10.870 0.000 0.013 0.019
alphar2 0.035 0.002 20.610 0.000 0.032 0.039
alphar3 -0.012 0.001 -18.520 0.000 -0.014 -0.011
alphar4 -0.028 0.001 -35.910 0.000 -0.029 -0.026
alphar5 0.002 0.000 8.770  0.000 0.002 0.002
alpharé 0.002 0.000 8.780  0.000 0.002 0.003
alphar7 0.009 0.001 12.040 0.000 0.007 0.010
alphar8 0.006 0.001 7.790 0.000 0.005 0.008
alphar9 -0.001 0.000 -3.400 0.001 -0.001 0.000
alphar10 -0.001 0.000 -4.570  0.000 -0.002 -0.001
alphar11 -0.013 0.002 -7.040  0.000 -0.017 -0.010
alpharl?2 -0.015 0.002 -6.740  0.000 -0.019 -0.010
alphadl 0.059 0.002 24.350 0.000 0.054 0.064
alphad2 0.101 0.003 34.560 0.000 0.096 0.107
alphad3 0.083 0.003 29.670 0.000 0.078 0.089
alphad4 0.098 0.003 31.720 0.000 0.092 0.104
alphad5 0.098 0.002 46.140 0.000 0.094 0.103
alphad6 -0.003 0.002 -2.290 0.022 -0.006 -0.001
alphad7 -0.009 0.002 -4.790  0.000 -0.012 -0.005
alphad8 -0.011 0.002 -5.970  0.000 -0.014 -0.007
alphad9 -0.014 0.002 -7.040  0.000 -0.017 -0.010
alphad10 0.018 0.001 13.270 0.000 0.015 0.020
alphadi11l 0.003 0.000 9.270  0.000 0.003 0.004
alphad12 0.008 0.000 18.850 0.000 0.007 0.009
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alphad13 0.004 0.000 9.150 0.000 0.003 0.005
alphadi14 0.008 0.000 17.880 0.000 0.007 0.009
alphad15 0.003 0.000 10.570 0.000 0.003 0.004
alphad16 0.005 0.001 4.670 0.000 0.003 0.007
alphadl17 0.008 0.001 6.220 0.000 0.006 0.011
alphad18 0.003 0.001 2.240 0.025 0.000 0.005
alphad19 0.006 0.001 4.340 0.000 0.003 0.009
alphad20 -0.033 0.001 -34.510 0.000 -0.034 -0.031
alphad21 -0.003 0.000 -6.690 0.000 -0.003 -0.002
alphad22 -0.001 0.000 -3.170 0.002 -0.002 -0.001
alphad23 -0.004 0.000 -10.150 0.000 -0.005 -0.004
alphad24 0.004 0.000 8.480 0.000 0.003 0.005
alphad25 -0.002 0.000 -5.770 0.000 -0.003 -0.001
alphad26 -0.061 0.003 -20.560 0.000 -0.067 -0.055
alphad27 -0.107 0.004 -29.720 0.000 -0.114 -0.100
alphad28 -0.075 0.003 -21.660 0.000 -0.081 -0.068
alphad29 -0.102 0.004 -26.960 0.000 -0.109 -0.095
alphad30 -0.085 0.003 -32.420 0.000 -0.090 -0.080
betal -0.145 0.004 -36.160 0.000 -0.153 -0.137
beta2 0.017 0.003 6.590 0.000 0.012 0.022
beta3 -0.014 0.001 -24.300 0.000 -0.016 -0.013
betad -0.017 0.002 -9.760 0.000 -0.021 -0.014
beta5 0.004 0.001 5.500 0.000 0.002 0.005
betab 0.157 0.005 31.720 0.000 0.147 0.166
taull -0.173 0.035 -4.930 0.000 -0.242 -0.104
taul2 0.090 0.066 1.360 0.174 -0.040 0.220
taul3 -0.131 0.030 -4.310 0.000 -0.190 -0.071
tauld 0.107 0.039 2.740 0.006 0.030 0.184
tauls 0.043 0.019 2.220 0.027 0.005 0.081
tau22 0.257 0.031 8.400 0.000 0.197 0.317
tau23 -0.042 0.035 -1.210 0.226 -0.111 0.026
tau24 -0.095 0.038 -2.530 0.012 -0.169 -0.021
tau25 0.048 0.017 2.880 0.004 0.015 0.080
tau33 -0.161 0.020 -7.960 0.000 -0.201 -0.121
tau34 -0.146 0.028 -5.240 0.000 -0.201 -0.091
tau35 0.058 0.011 5.300 0.000 0.037 0.080
t1l 0.505 0.383 1.318 0.187 -0.261 1.270
t2 1.996 0.279 7.154 0.000 1.438 2.554
t3 1.159 0.236 4,904 0.000 0.687 1.632
t4 1.479 0.321 4.610 0.000 0.837 2.121
t5 -0.256 0.096 -2.661 0.008 -0.448 -0.064
16 -3.505 0.462 -7.588 0.000 -4.428 -2.581
Auxiliary regression coefficients

zetal 1.281 0.269 4,760 0.000 0.753 1.809
zeta2 -0.976 0.184 -5.310 0.000 -1.336 -0.616
zeta3 0.728 0.123 5.910 0.000 0.486 0.969
zetad 0.583 0.147 3.970 0.000 0.296 0.871
zetab -1.541 0.310 -4.970 0.000 -2.148 -0.933
zetab 1.821 0.344 5.290 0.000 1.147 2.495
zeta7 -0.037 0.003 -11.370 0.000 -0.044 -0.031
dd2 0.279 0.012 23.290 0.000 0.256 0.303
dd3 0.517 0.016 32.880 0.000 0.486 0.547
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dd4 0.407 0.015 27.130 0.000 0.378 0.437

dd5 0.554 0.016 35.690 0.000 0.524 0.585
dd6 -0.015 0.023 -0.640 0.524 -0.061 0.031
dm2 -0.031 0.011 -2.921 0.003 -0.052 -0.010
dm3 -0.029 0.009 -3.310 0.001 -0.047 -0.012
dm4 -0.037 0.008 -4.409 0.000 -0.054 -0.020
dr2 -0.076 0.008 -9.262 0.000 -0.092 -0.059
dr3 -0.187 0.013 -14.854  0.000 -0.213 -0.162

The coefficientsalphamrepresent the translating intercepts for the seéphaml-3are
associated to food expenditure shalpham4-6to heating fuels, ...)alphar those for the
macro-region glpham1-3are associated to food expenditure shalgham4-6to heating
fuels, ...) andalphad for the household profilea{phadl-5 are associated to food
expenditure sharealpham4-6 to heating fuels, ...). One season, macro-region and
household type, for the different kind of transigtintercepts, has been omitted in order to
avoid perfect collinearity (Greene, 1997).

The parametertl-t6 are related to the annual time tretilrefers to the food expenditure
sharet2 to the heating fuels one and so on.

In the auxiliary regression of total expenditueeta?7is the constantzetal-6are the
coefficients associated to pricezefalis related to food pricegeta2to heating fuels
prices, ...),dd2-dd6to the household profilesid2 is related to household type &j3 to
household type 3, ...JJm2-dm4to the seasord(n2is related to springdm3to summer,
...), dr2-3to the macro-regiord(2 is related to Centre amtt3 to South).
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Table Il - QAIDS regional

Coef. Std. Err. z P>|z| [95% Conf. Interval]
alphal 0.293 0.001 344.620 0.000 0.291 0.294
alpha2 0.052 0.001 97.330 0.000 0.051 0.053
alpha3 0.026 0.000 206.070 0.000 0.025 0.026
alpha4 0.089 0.000 237.120 0.000 0.088 0.090
alpha5 0.009 0.000 69.320 0.000 0.009 0.010
alpha6 0.531 0.001 510.120 0.000 0.529 0.533
alpham1 0.001 0.002 0.320 0.745 -0.003 0.004
alpham?2 -0.003 0.002 -1.960 0.050 -0.006 0.000
alpham3 -0.002 0.002 -1.540 0.124 -0.006 0.001
alpham4 0.004 0.001 5.410 0.000 0.002 0.005
alpham5 -0.015 0.001 -20.520 0.000 -0.016 -0.013
alpham6 -0.018 0.001 -24.560 0.000 -0.019 -0.016
alpham?7 0.000 0.000 1460 0.144 0.000 0.001
alpham8 0.000 0.000 -0.120 0.901 -0.001 0.000
alpham9 0.000 0.000 -0.720 0471 -0.001 0.000
alpham10 0.003 0.001 3.690 0.000 0.001 0.004
alpham11 0.004 0.001 5.140 0.000 0.002 0.005
alpham12 0.003 0.001 3.960 0.000 0.001 0.004
alpham13 0.000 0.000 1.090 0.277 0.000 0.001
alphami4 -0.002 0.000 -5.740  0.000 -0.002 -0.001
alpham15 0.001 0.000 2.620  0.009 0.000 0.001
alpham16 -0.008 0.002 -3.900 0.000 -0.012 -0.004
alpham17 0.016 0.002 7.850  0.000 0.012 0.020
alpham18 0.017 0.002 8.320  0.000 0.013 0.021
alpharl 0.016 0.001 11.570 0.000 0.013 0.019
alphar2 0.034 0.002 21.050 0.000 0.031 0.037
alphar3 -0.011 0.001 -17.810 0.000 -0.013 -0.010
alphar4 -0.027 0.001 -36.410 0.000 -0.029 -0.026
alphar5 0.002 0.000 9.420  0.000 0.002 0.003
alphar6 0.001 0.000 5.160  0.000 0.001 0.002
alphar7 0.008 0.001 12.450 0.000 0.007 0.009
alphar8 0.005 0.001 7.170  0.000 0.004 0.007
alphar9 -0.001 0.000 -4.480  0.000 -0.002 -0.001
alphar10 -0.001 0.000 -3.660 0.000 -0.002 0.000
alphar11 -0.014 0.002 -7.870  0.000 -0.017 -0.010
alpharl?2 -0.013 0.002 -6.230  0.000 -0.017 -0.009
alphadil 0.058 0.002 23.330 0.000 0.053 0.063
alphad2 0.101 0.003 34.570 0.000 0.096 0.107
alphad3 0.083 0.003 29.400 0.000 0.077 0.088
alphad4 0.098 0.003 31.740 0.000 0.092 0.104
alphad5 0.098 0.002 46.140 0.000 0.094 0.103
alphad6 -0.005 0.002 -3.120  0.002 -0.008 -0.002
alphad7 -0.009 0.002 -4.820  0.000 -0.013 -0.005
alphad8 -0.011 0.002 -6.340  0.000 -0.015 -0.008
alphad9 -0.013 0.002 -6.820  0.000 -0.017 -0.009
alphad10 0.018 0.001 13.270 0.000 0.015 0.020
alphadi11l 0.004 0.000 9.740  0.000 0.003 0.004
alphad12 0.008 0.000 18.940 0.000 0.007 0.009
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alphad13 0.004 0.000 9.460 0.000 0.003 0.005
alphadi14 0.008 0.000 17.740 0.000 0.007 0.009
alphad15 0.003 0.000 10.620 0.000 0.003 0.004
alphad16 0.004 0.001 3.810 0.000 0.002 0.006
alphadl17 0.008 0.001 6.250 0.000 0.006 0.011
alphad18 0.002 0.001 1.930 0.054 0.000 0.005
alphad19 0.006 0.001 4.540 0.000 0.004 0.009
alphad20 -0.033 0.001 -34.620 0.000 -0.034 -0.031
alphad21 -0.003 0.000 -7.160  0.000 -0.004 -0.002
alphad22 -0.001 0.000 -3.200 0.001 -0.002 -0.001
alphad23 -0.005 0.000 -10.410 0.000 -0.005 -0.004
alphad24 0.004 0.000 8.630 0.000 0.003 0.005
alphad25 -0.002 0.000 -5.810 0.000 -0.003 -0.001
alphad26 -0.058 0.003 -19.060 0.000 -0.064 -0.052
alphad27 -0.107 0.004 -29.840 0.000 -0.114 -0.100
alphad28 -0.073 0.003 -21.220 0.000 -0.080 -0.066
alphad29 -0.103 0.004 -27.260 0.000 -0.110 -0.096
alphad30 -0.085 0.003 -32.500 0.000 -0.090 -0.080
betal -0.147 0.004 -34.140 0.000 -0.155 -0.138
beta2 0.013 0.003 4.870 0.000 0.008 0.019
beta3 -0.014 0.001 -21.780 0.000 -0.015 -0.013
betad -0.019 0.002 -10.220 0.000 -0.023 -0.016
betab 0.003 0.001 4.250 0.000 0.002 0.004
beta6 0.164 0.005 31.090 0.000 0.154 0.174
taull 0.173 0.035 4.920 0.000 0.104 0.242
taul2 -0.089 0.066 -1.350 0.178 -0.219 0.040
taul3 0.126 0.030 4.170 0.000 0.067 0.185
tauld -0.110 0.039 -2.830 0.005 -0.187 -0.034
tauls -0.041 0.019 -2.120 0.034 -0.079 -0.003
tau22 0.257 0.030 8.460 0.000 0.197 0.316
tau23 -0.042 0.034 -1.250 0.212 -0.108 0.024
tau24 -0.098 0.038 -2.540 0.011 -0.173 -0.022
tau25 0.047 0.016 2.860 0.004 0.015 0.079
tau33 -0.161 0.020 -8.230 0.000 -0.199 -0.123
tau34 -0.143 0.029 -5.020 0.000 -0.199 -0.087
tau35 0.058 0.011 5.220 0.000 0.036 0.080
lambdal -0.010 0.008 -1.170 0.242 -0.026 0.006
lambda2 -0.019 0.005 -3.610 0.000 -0.029 -0.009
lambda3 0.003 0.001 2.890 0.004 0.001 0.006
lambda4 -0.011 0.004 -2.990 0.003 -0.018 -0.004
lambda5 -0.003 0.001 -2.660 0.008 -0.006 -0.001
lambdal -0.010 0.008 -1.170  0.242 -0.026 0.006
t1 -0.250 0.583 -0.430 0.667 -1.393 0.892
t2 2.330 0.428 5.450 0.000 1.492 3.168
t3 0.926 0.143 6.450 0.000 0.644 1.207
t4 1.656 0.289 5.730 0.000 1.090 2.222
t5 -0.383 0.155 -2.470 0.013 -0.687 -0.080
t6 -4.278 0.737 -5.810 0.000 -5.722 -2.833
Auxiliary regression coefficients
zetal 1.325 0.198 6.700 0.000 0.937 1.712
zeta2 -0.274 0.132 -2.070 0.038 -0.533 -0.015
zeta3 0.495 0.094 5.280 0.000 0.311 0.679
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zetad 0.084 0.098 0.860 0.389 -0.107 0.276
zetab -1.399 0.245 -5.71 0.000 -1.889 -0.909
zetab 1.896 0.262 7.237 0.000 1.372 2.420
zeta7 -0.038 0.003 -11.860 0.000 -0.044 -0.031
dd2 0.283 0.011 25.840 0.000 0.262 0.305
dd3 0.502 0.011 45.610 0.000 0.480 0.523
dd4 0.453 0.011 41.280 0.000 0.431 0.474
dd5 0.553 0.011 50.390 0.000 0.532 0.575
dd6 0.009 0.011 0.850 0.397 -0.012 0.031
dm2 -0.026 0.009 -3.060 0.002 -0.043 -0.009
dm3 -0.026 0.009 -2.970 0.003 -0.044 -0.009
dm4 -0.043 0.009 -4.880 0.000 -0.060 -0.026
dr2 -0.066 0.007 -8.790 0.000 -0.080 -0.051
dr3 -0.205 0.012 -17.670 0.000 -0.228 -0.183

Lambdal-5epresent the coefficients associated to the atiaderms.
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Table IV - QAIDS modified

Coef. Std. Err. z P>|z| [95% Conf. Interval]
alphal 0.294 0.001 291.560 0.000 0.292 0.296
alpha2 0.075 0.000 164.450 0.000 0.074 0.076
alpha3 0.089 0.000 218.240 0.000 0.088 0.090
alpha4 0.009 0.000 75.540 0.000 0.009 0.010
alphab 0.532 0.001 495.880 0.000 0.530 0.535
betal -0.082 0.004 -22.320 0.000 -0.090 -0.075
beta2 -0.018 0.002 -10.710 0.000 -0.021 -0.015
beta3 0.012 0.001 8.300  0.000 0.009 0.015
betad 0.005 0.000 10.790 0.000 0.004 0.006
betab 0.083 0.004 21.140 0.000 0.075 0.091
taull -0.192 0.047 -4.110 0.000 -0.283 -0.100
taul2 0.201 0.027 7.330 0.000 0.148 0.255
taul3 0.144 0.025 5.870  0.000 0.096 0.192
tauls 0.056 0.049 1120 0.261 -0.041 0.153
tauls 0.051 0.055 0.930 0.354 -0.056 0.158
tau22 0.059 0.037 1590 0.112 -0.014 0.133
tau23 -0.192 0.023 -8.410 0.000 -0.237 -0.147
tau24 0.150 0.070 2.142  0.032 0.010 0.290
tau25 -0.161 0.094 -1.712  0.086 -0.349 0.027
tau33 -0.192 0.047 -4.110  0.000 -0.283 -0.100
tau34 0.201 0.027 7.330 0.000 0.148 0.255
tau35 0.144 0.025 5.870  0.000 0.096 0.192
lambdal -0.013 0.012 0.280 0.782 -0.021 0.028
lambda2 0.007 0.001 6.030 0.000 0.005 0.010
lambda3 -0.019 0.005 -4.560 0.000 -0.030 -0.012
lambda4 0.006 0.001 4520  0.000 0.004 0.009
lambda5 -0.018 0.004 -4.556  0.000 -0.026 -0.010

The auxiliary regression coefficients have beenti@ahi
In this model there are five equations since hgafurels and electricity have been
aggregated, but otherwise Table IV can be reatdeaprevious ones.
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Appendix I

Table | - Average elasticities in QAIDS regional

Coef. Std. Err z P>|z]| [95% Conf. Interval]
marshallian
elall -0.26 0.041 -6.32 0.000 -0.34 -0.179
elal2 0.026 0.035 0.73 0.467 -0.043 0.095
elal3 -0.086 0.02 -4.37 0.000 -0.124 -0.047
elal4d 0.02 0.03 0.67 0.5 -0.038 0.078
elals 0.019 0.011 1.68 0.092 -0.003 0.041
elal6 -0.225 0.048 -4.66 0.000 -0.32 -0.131
ela2l -0.073 0.209 -0.35 0.727 -0.483 0.337
ela22 -1.204 0.165 -7.29 0.000 -1.534 -0.874
ela23 0.406 0.067 6.09 0.000 0.275 0.537
ela24 0.188 0.163 1.15 0.249 -0.132 0.508
ela25 -0.326 0.066 -4.94 0.000 -0.455 -0.196
ela26 0.046 0.25 0.18 0.855 -0.444 0.535
ela3l -0.959 0.221 -4.34 0.000 -1.392 -0.526
ela32 0.813 0.127 6.41 0.000 0.565 1.062
ela33 -1.693 0.108 -10.12 0.000 -1.309 -0.877
ela34 -0.546 0.121 -4.52 0.000 -0.782 -0.309
ela35 0.621 0.093 6.67 0.000 0.439 0.804
ela36 1.286 0.269 477 0.000 0.758 1.814
ela4l -0.015 0.098 -0.15 0.877 -0.208 0.178
ela42 0.131 0.092 1.42 0.156 -0.05 0.311
ela43 -0.17 0.036 -4.74 0.000 -0.24 -0.1
elad4 -0.543 0.092 -5.88 0.000 -0.724 -0.362
ela4s 0.087 0.036 2.42 0.015 0.017 0.158
ela46 -0.271 0.117 -2.32 0.02 -0.5 -0.042
elab1 0.395 0.38 1.04 0.298 -0.349 1.139
elab2 -1.836 0.371 -4.95 0.000 -2.562 -1.109
ela53 1.812 0.275 6.58 0.000 1.273 2.351
elab4 0.821 0.119 3.89 0.000 3.99 0.000
elab5 -0.79 0.207 -3.81 0.000 -1.195 -0.384
elab6 -1.725 0.528 -3.27 0.001 -2.761 -0.69
ela6l -0.366 0.027 -13.68 0.000 -0.418 -0.314
ela62 0.002 0.023 0.08 0.934 -0.044 0.048
ela63 0.042 0.013 3.15 0.002 0.016 0.068
ela64 -0.093 0.019 -4.76 0.000 -0.131 -0.055
ela6b -0.029 0.009 -3.27 0.001 -0.046 -0.012
income
elal 0.506 0.014 34.89 0.000 0.477 0.534
ela2 1.262 0.054 23.35 0.000 1.156 1.368
ela3 0.477 0.024 19.84 0.000 0.43 0.524
elad 0.78 0.022 36.3 0.000 0.738 0.823
elab 1.322 0.076 17.36 0.000 1.173 1.471
ela6 1.311 0.01 130.97 0.000 1.291 1.33
hicksian
elall -0.109 0.041 -2.68 0.007 -0.189 -0.029
elal2 0.051 0.035 1.45 0.148 -0.018 0.12
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elal3 -0.072 0.02 -3.69 0.000 -0.111 -0.034
elal4 0.065 0.029 2.2 0.028 0.007 0.123
elals 0.024 0.011 2.08 0.038 0.001 0.046
elal6 0.042 0.047 0.89 0.375 -0.051 0.135
ela2l 0.302 0.209 1.44 0.149 -0.108 0.712
ela22 -1.44 0.205 -7.01 0.000 -1.843 -1.038
ela23 0.439 0.067 6.59 0.000 0.309 0.57
ela24 0.3 0.163 1.84 0.066 -0.019 0.62
ela25 -0.314 0.066 -4.76 0.000 -0.444 -0.185
ela26 0.712 0.246 2.89 0.004 0.23 1.194
ela3l -0.817 0.221 -3.69 0.000 -1.251 -0.383
ela32 0.837 0.127 6.59 0.000 0.588 1.086
ela33 -1.681 0.098 -17.14 0.000 -1.873 -1.489
ela34 -0.503 0.121 -4.17 0.000 -0.74 -0.266
ela35 0.626 0.093 6.72 0.000 0.443 0.808
ela36 1.538 0.268 5.74 0.000 1.013 2.064
eladl 0.217 0.098 2.2 0.028 0.024 0.41
ela42 0.17 0.092 1.84 0.066 -0.011 0.35
ela43 -0.149 0.036 -4.17 0.000 -0.219 -0.079
elad44 -0.473 0.092 -5.13 0.000 -0.654 -0.292
ela45 0.094 0.036 2.62 0.009 0.024 0.165
ela46 0.141 0.116 1.22 0.221 -0.085 0.368
elab1 0.788 0.379 2.08 0.038 0.045 1.531
elab2 -1.769 0.371 -4.76 0.000 -2.497 -1.041
elab3 1.847 0.275 6.72 0.000 1.308 2.386
elab4 0.938 0.358 2.62 0.009 0.236 1.64
elab55 -0.778 0.207 -3.75 0.000 -1.184 -0.372
ela56 -1.027 0.525 -1.95 0.051 -2.057 0.003
ela6l 0.024 0.027 0.89 0.373 -0.029 0.076
ela62 0.068 0.023 2.9 0.004 0.022 0.114
ela63 0.077 0.013 5.74 0.000 0.051 0.103
ela64 0.024 0.019 1.23 0.22 -0.014 0.062
ela65 -0.017 0.009 -1.95 0.051 -0.035 0
Table Il - Average elasticities in AIDS regional
Coef. Std. Err z P>|z]| [95% Conf. Interval]
marshallian

elall -0.263 0.041 -6.380 0.000 -0.344 -0.182
elal2 0.027 0.035 0.780 0.438 -0.042 0.096
elal3 -0.089 0.020 -4.530 0.000 -0.128 -0.050
elal4 0.019 0.029 0.630 0.529 -0.039 0.076
elals 0.021 0.011 1.800 0.072 -0.002 0.043
elalé -0.227 0.049 -4.660 0.000 -0.322 -0.131
ela2l -0.082 0.209 -0.390 0.695 -0.492 0.328
ela22 -1.532 0.204 -7.500 0.000 -1.932 -1.132
ela23 0.416 0.067 6.260 0.000 0.286 0.547
ela24 0.177 0.162 1.090 0.276 -0.141 0.495
ela25 -0.332 0.066 -5.050 0.000 -0.461 -0.203
ela26 -1.684 0.295 -5.700 0.000 -2.262 -1.105
ela31 0.020 0.250 0.080 0.936 -0.469 0.509
ela32 -0.987 0.221 -4.460 0.000 -1.421 -0.553
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ela33 0.838 0.127 6.610 0.000 0.590 1.086
ela34 -1.730 0.098 -17.740 0.000 -1.921 -1.539
ela35 -0.553 0.121 -4.580 0.000 -0.789 -0.316
ela36 0.641 0.093 6.920 0.000 0.460 0.822
ela4l 1.337 0.269 4.970 0.000 0.810 1.864
ela42 -0.025 0.098 -0.250 0.801 -0.218 0.168
ela43 0.126 0.092 1.380 0.167 -0.053 0.306
elad4 -0.173 0.036 -4.830 0.000 -0.243 -0.103
ela4s -0.547 0.092 -5.950 0.000 -0.727 -0.367
ela46 0.088 0.036 2.450 0.014 0.018 0.158
elab1 -0.274 0.117 -2.350 0.019 -0.503 -0.045
elab2 0.422 0.381 1.110 0.269 -0.325 1.169
elab3 -1.873 0.370 -5.070 0.000 -2.598 -1.149
elab4 1.868 0.274 6.830 0.000 1.331 2.404
elas5 0.824 0.358 2.300 0.021 0.122 1.526
elab6 -0.843 0.206 -4.100 0.000 -1.246 -0.439
ela6l -1.790 0.530 -3.380 0.001 -2.828 -0.752
ela62 -0.361 0.027 -13.370 0.000 -0.414 -0.308
ela63 0.004 0.023 0.160 0.873 -0.042 0.050
ela64 0.044 0.013 3.330 0.001 0.018 0.071
ela6b -0.090 0.019 -4.620 0.000 -0.128 -0.052
income
elal 0.512 0.013 37.980 0.000 0.486 0.539
ela2 1.333 0.050 26.420 0.000 1.234 1.431
ela3 0.453 0.022 20.160 0.000 0.409 0.498
elad 0.804 0.020 40.090 0.000 0.765 0.844
elab 1.393 0.071 19.480 0.000 1.253 1.533
ela6 1.296 0.009 138.750 0.000 1.278 1.315

Table Ill - Average elasticities in QAIDS modified

Coef. Std. Err z P>|z| [95% Conf. Interval]
marshallian

elall -0.343 0.06 -5.69 0.000 -0.461 -0.225
elal2 0.076 0.032 2.36 0.018 0.013 0.139
elal3 0.029 0.03 0.98 0.327 -0.029 0.088
elal4 0.029 0.033 0.87 0.382 -0.036 0.095
elals -0.515 0.021 -24.43 0.000 -0.556 -0.474
elal6 0.286 0.127 2.26 0.024 0.037 0.534
ela2l -0.634 0.137 -4.63 0.000 -0.902 -0.365
ela22 -0.488 0.041 -11.97 0.000 -0.568 -0.408
ela23 -0.026 0.068 -0.39 0.698 -0.16 0.107
ela24 0.099 0.183 0.54 0.59 -0.26 0.457
ela25 -0.025 0.102 -0.24 0.808 -0.224 0.174
ela26 -0.449 0.035 -12.79 0.000 -0.518 -0.38
ela3l -0.371 0.068 -5.45 0.000 -0.504 -0.237
ela32 0.028 0.04 0.71 0.48 -0.05 0.105
ela33 -0.629 0.051 -12.333 0.000 -0.731 -0.527
ela34 0.709 1.09 0.65 0.516 -1.428 2.846
ela35 -0.279 0.567 -0.49 0.622 -1.391 0.832
ela36 0.234 0.028 8.357 0.000 0.178 0.29
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ela4l -0.676 0.204 -3.313 0.001 -1.084 -0.268
ela42 1.171 0.34 3.444 0.001 0.491 1.851
ela43 -0.418 0.011 -36.82 0.000 -0.44 -0.395
ela44 -0.016 0.026 -0.6 0.548 -0.067 0.035
ela4s 0.123 0.071 1.732 0.083 -0.019 0.265
ela46 0.041 0.018 2.29 0.022 0.006 0.076
ela51 -0.713 0.039 -18.282 0.000 -0.791 -0.635
elab2 -0.343 0.06 -5.69 0.000 -0.461 -0.225
elab3 0.076 0.032 2.36 0.018 0.013 0.139
elab4 0.029 0.03 0.98 0.327 -0.029 0.088
elab5 0.029 0.033 0.87 0.382 -0.036 0.095
elab6 -0.515 0.021 -24.43 0.000 -0.556 -0.474
ela6l 0.286 0.127 2.26 0.024 0.037 0.534
ela62 -0.634 0.137 -4.63 0.000 -0.902 -0.365
ela63 -0.488 0.041 -11.97 0.000 -0.568 -0.408
ela64 -0.026 0.068 -0.39 0.698 -0.16 0.107
ela65 0.099 0.183 0.54 0.59 -0.26 0.457
income
elal 0.723 0.012 58.26 0.000 0.699 0.747
ela2 0.764 0.022 34.71 0.000 0.721 0.807
ela3 1.14 0.017 67.71 0.000 1.107 1.173
elad 1.541 0.05 30.72 0.000 1.443 1.639
elas 1.157 0.007 156.16 0.000 1.142 1.171
ela6 0.723 0.012 58.26 0.000 0.699 0.747
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Appendix Il

Table | — Absolute values of macro-regional annuaCV and EV (Euro

1998)
Scenario B1
Equivalent variation

2000 2001 2002 2003 2004 2005
North
levell 4.3 7.0 3.4 5.6 4.7 4.4
level2 14.2 23.4 12.0 19.5 18.1 19.8
level3 25.8 42.4 22.2 34.7 34.9 37.4
leveld 375 62.3 334 51.1 53.2 57.2
level5 63.7 106.8 59.0 86.2 93.0 99.8
Centre
levell 4.0 6.7 2.6 55 4.1 3.5
level2 13.9 23.2 11.7 13.8 18.4 20.2
level3 24.8 41.1 21.7 22.9 34.4 37.0
leveld 36.9 60.5 33.3 32.6 53.0 56.6
level5 59.0 98.2 54.6 51.7 89.4 97.4
South
levell 4.6 7.0 3.1 5.9 4.1 3.7
level2 141 22.6 11.9 19.2 18.3 19.2
level3 24.8 40.4 21.6 34.0 34.0 35.7
leveld 35.8 58.7 31.7 49.6 50.7 54.9
level5 56.0 97.8 51.5 81.0 82.1 89.8

Compensating variation

2000 2001 2002 2003 2004 2005
North
levell 5.1 8.5 4.4 7.3 6.9 7.2
level2 15.1 25.2 13.2 215 20.8 23.2
level3 26.8 44.1 23.3 36.4 37.6 40.7
leveld 38.4 63.4 34.3 52.4 54.7 59.4
level5 63.2 105.4 58.4 83.9 90.7 96.7
Centre
levell 4.6 8.0 35 6.3 6.3 6.2
level2 14.8 24.9 13.0 14.7 21.3 23.5
level3 25.9 42.8 22.7 23.7 37.2 39.8
leveld 37.7 62.3 34.2 33.1 54.1 58.2
level5 58.3 97.2 53.7 50.1 87.4 94.7
South
levell 5.2 8.3 4.0 7.6 6.3 6.4
level2 14.9 24.2 13.0 20.9 20.9 22.6
level3 25.7 42.0 22.6 35.4 36.2 38.4
leveld 36.5 59.7 32.5 50.4 51.6 56.2
level5 55.7 96.6 50.8 78.9 79.6 86.2
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Scenario B2

Equivalent variation

2000 2001 2002 2003 2004 2005
North
levell 0.2 1.1 0.5 0.4 1.4 0.5
level2 6.8 12.8 7.1 10.2 12.4 12.9
level3 15.0 26.9 15.1 21.1 26.5 27.5
level4 23.3 42.0 24.0 33.3 42.2 44.1
level5 429 77.1 455 60.5 77.1 80.7
Centre
levell 0.3 1.0 0.1 0.5 1.1 0.1
level2 6.8 12.7 7.0 4.6 12.9 13.6
level3 14.4 26.1 14.8 9.7 26.4 27.4
leveld 23.1 40.8 24.2 15.3 425 44.0
level5 39.9 70.2 415 27.4 74.4 79.2
South
levell 0.6 1.2 0.5 0.8 1.0 0.0
level2 7.0 12.3 7.2 10.1 12.8 12.6
level3 14.4 25.5 14.7 20.9 25.9 26.1
leveld 22.2 39.2 22.7 324 40.0 42.3
level5 36.8 69.7 39.0 57.1 67.3 71.9

Compensating variation

2000 2001 2002 2003 2004 2005
North
levell 0.8 2.3 1.4 1.9 3.5 3.1
level2 7.6 14.4 8.3 12.1 15.0 16.2
level3 15.9 28.5 16.2 22.9 29.2 30.7
leveld 24.1 43.2 25.1 34.9 43.9 46.6
level5 42.8 76.6 454 59.5 75.8 78.7
Centre
levell 0.7 2.2 1.0 1.3 3.2 2.6
level2 7.5 14.3 8.2 55 15.7 16.8
level3 15.3 27.7 15.9 10.6 29.2 30.3
level4 23.8 42.7 25.2 16.2 43.8 45.9
level5 39.6 70.0 41.2 27.0 73.3 77.8
South
levell 1.0 2.3 1.2 2.3 3.0 2.6
level2 7.7 13.7 8.3 11.8 15.2 15.9
level3 15.2 27.0 15.8 22.4 28.2 28.9
level4 22.8 40.3 23.6 33.6 41.3 44.0
level5 36.9 69.3 38.7 56.2 65.7 69.5
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Scenario B3

Equivalent variation

2000 2001 2002 2003 2004 2005
North
levell 4.1 6.0 2.8 5.2 3.3 3.9
level2 7.3 10.6 4.8 9.3 5.7 6.8
level3 10.7 15.4 7.1 13.4 8.3 9.8
leveld 14.1 20.1 9.3 17.6 10.9 13.0
level5 20.5 29.1 13.4 25.4 15.6 18.9
Centre
levell 3.7 5.6 2.5 4.9 3.0 3.3
level2 7.1 10.3 4.7 9.1 55 6.6
level3 10.3 14.9 6.8 13.1 7.9 9.5
leveld 13.7 194 9.0 17.1 10.4 12.4
level5 18.9 27.5 12.9 24.2 14.8 17.8
South
levell 4.1 5.8 2.7 51 3.1 3.6
level2 7.1 10.2 4.7 9.0 5.6 6.5
level3 10.3 14.7 6.8 13.0 8.0 9.5
leveld 135 19.2 8.9 17.0 10.5 12.5
level5 18.9 27.6 12.4 23.6 14.6 17.7

Compensating variation

2000 2001 2002 2003 2004 2005
North
levell 4.3 6.1 2.9 5.3 3.4 4.0
level2 7.5 10.7 4.9 9.3 5.7 6.9
level3 10.8 154 7.0 13.4 8.3 9.8
leveld 14.1 19.9 9.2 17.3 10.6 12.7
level5 20.2 28.2 13.0 24.1 14.7 17.6
Centre
levell 3.9 5.8 2.5 5.0 3.1 35
level2 7.2 10.5 4.8 9.1 55 6.6
level3 10.5 14.9 6.8 13.0 7.9 9.4
leveld 13.7 19.3 8.9 16.8 10.1 12.1
level5 18.5 26.8 12.4 22.9 13.9 16.7
South
levell 4.2 5.9 2.7 5.2 3.2 3.7
level2 7.2 10.3 4.7 9.1 5.6 6.6
level3 10.4 14.7 6.8 12.9 7.9 9.4
leveld 13.6 19.1 8.8 16.6 10.2 12.1
level5 18.6 26.8 12.0 22.4 13.7 16.5
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Table Il — Aggregate compensating variations (welfie losses) for macro-
region (million/Euro 1998)

% on
the
2000 2001 2002 2003 2004 2005 total total

levell  0.167 0.308 0.145 0.288 0.238 0.233 1.380 0.9
level2 1.374 2.248 1.340 2.262 2.088 2454  11.765 7.7
level3  3.942 6.889 3.713 5.575 5.818 6.712  32.648 21.4

NORTH \ovela 4145 6737 3600 5450 6159 7120 33211 217
levels 9441 15795 7.875 11.999 13992 14730 73766 483
Total 10.068 31.977 16.672 25574 28294 31.249 152.836 100
levell 0105 0184 0058 0115 0123 0104 0689 14
level2 0674 1198 0539 0631 0940 1089 5071 105
level3 1585 2673 1376 1433 2461 2621 12149 252

CENTRE \ovela 1346 2126 1432 1300 2039 2404 10646 221
levels 2363 4349 2600 2279 3742 4251 19585 407
Total 6073 10530 6.004 5759 9.304 10470 48140 100
levell 0225 0362 0170 0325 0330 0306 1718 2.7
level2 1.250 2159  1.079 1.680 1794 1981 9943 154
level3d 2428 3712 2097 3125 3087 3532 17.981  27.9

SOUTH

leveld  1.767 2.720 1.531 2.414 2.245 2.404  13.080 20.3
level5  2.940 4.916 2.379 3.762 3.695 3.963  21.643 33.6

Total 8.610 13.870 7.256 11.306 11.149 12.186 64.376 100

% on
the
2000 2001 2002 2003 2004 2005 total total

famtipol  3.484 5.708 3.053 5.000 4.890 6.256 28.391 18.6
famtipo2  4.076 6.755 3.307 5.125 5.093 6.288 30.644 20.1
famtipo3  1.595 2.826 1.499 2.224 2.177 1.709 12.030 7.9
NORTH famtipo4  3.752 6.126 3.149 4575 4.793 5.244  27.639 18.1
famtipo5  2.447 3.572 1.846 3.000 2.597 2.898 16.359 10.7
famtipo6  3.715 6.990 3.818 5.650 8.745 8.854 37.773 24.7
Total 19.068 31.977 16.672 25.574 28.294 31.249 152.836 100

famtipol  0.959 1.756 1.135 1.110 1.612 1.892 8.464 17.6
famtipo2  0.980 1.580 0.950 0.985 1.374 1.568 7.436 154
famtipo3  0.582 0.950 0.576 0.581 0.818 0.860  4.368 9.1
CENTRE famtipo4  1.302 2.202 1.163 1.146 1.638 1.771 9.221 19.2
famtipo5  0.885 1.399 0.730 0.741 0.922 1.139 5.816 12.1
famtipo6  1.364 2.643 1.451 1.196 2.940 3.240 12835 26.7
Total 6.073 10.530 6.004 5.759 9.304 10.470 48.140 100

famtipol  1.142 1.843 0.852 1.470 1.490 1.919 8.716 135
famtipo2  1.240 1.788 0.964 1.383 1.421 1.625 8.421 13.1
famtipo3  0.632 1.159 0.612 0.959 1.045 0.919 5.326 8.3
SOUTH  famtipo4  2.528 3.736 2.032 3.125 2.665 3.086 17.172 26.7
famtipo5  1.256 2.036 1.114 1.644 1.547 1.586 9.183 14.3
famtipo6  1.813 3.308 1.681 2.725 2.981 3.051  15.559 24.2
Total 8.610 13.870 7.256 11.306 11.149 12.186 64.376 100
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Table Il —Excess burden for macro-region (Euro 1998)

North
2000 2001 2002 2003 2004 2005
levell 2.5 4.9 2.0 4.1 3.3 3.1
level2 10.7 18.6 9.1 16.0 14.9 16.7
level3 20.4 34.6 17.6 28.6 29.4 31.8
level4 30.7 51.8 27.1 42.9 44.8 48.7
level5 535 91.0 49.8 72.0 78.8 83.5
Centre
2000 2001 2002 2003 2004 2005
levell 2.1 4.9 1.2 35 3.0 2.6
level2 10.7 19.0 9.4 9.4 15.8 17.0
level3 20.3 34.9 17.4 16.3 29.7 31.2
level4 30.6 52.1 27.6 24.1 447 48.2
level5 49.0 84.0 457 39.0 76.3 81.5
South
2000 2001 2002 2003 2004 2005
levell 3.2 5.6 2.2 5.0 3.7 3.9
level2 11.5 19.1 10.0 16.2 16.4 17.7
level3 20.9 35.0 18.2 29.2 30.1 31.7
level4 30.6 50.9 26.9 42.8 442 475
level5 48.5 85.8 44.3 69.1 70.3 75.9
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