
CHAPTER 8

Consumption and Indirect Tax Models

Bart Capéau, André Decoster and David Phillips

8.1. Introduction

There is no formal definition of what constitutes an indirect tax (Kay &
King, 1990). However, in common use it usually means those taxes that
are levied on the sale of goods and services, and that are generally col-
lected and remitted by the vendor of those goods and services, rather than
the purchaser. Examples of such taxes include excise duties, sales taxes,
value added taxes (VAT), and import or export duties.

Indirect taxes thus defined have two characteristics in which they differ
from direct taxes such as income tax. First, because in most instances it is
not possible to identify the consumer (and thus their personal characteris-
tics) as opposed to the purchaser of a good, the amount of tax paid on a
particular purchase is usually (but not always) the same for everyone;1

otherwise, an arbitrage opportunity would exist, with those facing low tax
rates able to purchase goods and sell them on to those facing higher tax
rates. Second, the tax schedule is generally linear � the same tax rate
applies to the first dollar of spending on a particular good or service as
does on the millionth dollar. There are exceptions to these rules of course:
some price subsidies � which can be considered as a negative indirect
tax � are available only to certain parts of the population, and on a lim-
ited amount of expenditure; and some durable purchases, such as housing
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or cars, are subject to non-linear tax schedules where rates are higher for
more expensive purchases. But generally, linear tax schedules unrelated to
purchaser characteristics apply. These features considerably simplify data
requirements and calculations in indirect tax micro-simulation (relative to
direct tax and benefit micro-simulation, for instance).

However, linearity does not imply a uniform rate or tax treatment of
all goods. The prevalence of differences in tax rates between different
goods means indirect tax micro-simulation models need to be based on
data with detailed information on spending on different goods, such as
household expenditure surveys. It also provides the raison d0être for much
analysis using indirect tax micro-simulation models: evaluating the distri-
butional, behavioural and welfare effects of non-uniform tax rate struc-
tures, and reforms that either increase or reduce these non-uniformities.

The three most important and (most commonly simulated) indirect
taxes are VAT, retail sales tax, and excise duties. VAT is usually levied as
a percentage of the pre-tax price charged by the vendor and is charged on
sales to both final consumers and other traders. However, in most
instances, VAT-registered traders can reclaim any VAT paid on inputs,
and thus, formally, the tax falls on sales to final consumers. Certain tra-
ders cannot reclaim this VAT, however � if the goods purchased are
inputs to the production of goods that are exempt from VAT, or, if the
trader has a turnover below the in some countries applicable registration
threshold for VAT. In these cases, although no VAT is charged on subse-
quent sales of those goods to consumers, it may be the case that the
increased production costs due to un-reclaimable VAT charged on inputs
to production, are reflected in the final price paid by the consumer. Two
polar cases can be distinguished. At one extreme, the entire increase in
input costs are borne by workers and capital owners in the form of
lower wages and profits, leaving the price charged to the consumer unaf-
fected. Alternatively, wages and profits are assumed unchanged, and the
un-reclaimable VAT is fully passed through to the price charged to the
consumer. Most likely, some mix of the two effects may take place and
assumptions need to be made about the incidence of any VAT not passed
through to consumer prices. As we discuss later, in the case of full inci-
dence on consumer prices, methods exist to estimate these effects of VAT
on the price of exempt goods, and incorporate these implicit tax rates into
micro-simulation models. However, most micro-simulation models only
include indirect taxes paid directly by consumers and do not take account
of the indirect effects of non-reclaimable VAT paid at earlier stages of
production. Retail sales taxes, such as those that operate in the United
States, are only chargeable on sales to consumers, which means that these
difficulties do not arise.

Excise duties on goods such as alcohol, tobacco and road fuels are
usually not reclaimable for traders � and in the case of road fuels, a large
fraction of the total tax yield is likely to be paid by traders, and passed on
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in the prices of other goods. Thus standard indirect tax micro-simulation
models that account for taxes paid directly by households only may pro-
vide inaccurate results as far as the final or total impact of excise duties is
concerned. Furthermore, the excise duty payable on a good in most cases
is not a function of the amount spent, but instead on the number of units
of the item purchased (e.g. the number of cigarettes, the litres of fuel, and
the alcohol content of the beer), sometimes combined with an ad valorem
component based on the amount spent too. This means that in theory
data on physical quantities as well as expenditures is required to accu-
rately model excise duties. However, as we show in the appendix, informa-
tion on expenditures and retail prices can be used to calculate ad valorem
rates that are equivalent to the excise duties.

More generally, data availability can be problematic. Household bud-
get surveys are less frequently collected than income surveys in many
developed countries, and surveys with detailed information on both
income and expenditure are even rarer. This means there is often a need
to ‘uprate’ older data to better reflect current expenditure levels and pat-
terns, and methods to link income and expenditure data from different
sources are often required.

And, many of the same questions that are faced in constructing direct
tax and benefit micro-simulation models need to be considered for indirect
tax micro-simulation models too. First, is the question of the assumed
incidence of indirect taxes � which for practical purposes is usually fully
on consumer prices, which may not necessarily be the case in reality.2

Second, is what behavioural response, if any, to account for when model-
ling indirect taxes. And third, is how to measure (or proxy) the welfare
effects of the tax changes at both the individual and aggregate level, which
is clearly linked to the changes in expenditure and tax payments, but not
necessarily in a simple way.

Thus although indirect taxes are conceptually much simpler to model
than direct taxes � the tax base (i.e. expenditure on a given commodity)
and rates are easier to calculate than in the case of direct taxes and bene-
fits � there are nonetheless methodological and practical challenges
which need to be contended with. And in many applications, reforms in
indirect and direct taxation come in one package. When it comes to take
into account behavioural reactions in such a context, the development of

2 In Section 8.3.1 we discuss in more detail tax incidence in the context of indirect tax micro-

simulation models, and conclude that most models rely on the assumption of fixed produ-

cer prices. Under that assumption, consumers are assumed to bear the full burden of VAT

on goods sold by producers or traders that can reclaim VAT on inputs. This no longer

holds true when the assumption of fixed producer prices is relaxed.
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models that fully integrates the labour supply decision with the allocation
of expenditure across goods remains unfulfilled.

This chapter puts the methodological issues and choices available in
developing and using indirect tax micro-simulation models at the centre
stage. It proceeds as follows. In Section 8.2 we introduce the academic
and policy questions which indirect tax micro-simulation models are use-
ful in helping to answer. We also present figures on indirect tax systems
and highlight a number of recent reforms to these systems to demonstrate
the continuing practical need for such models. Section 8.3 sets out the
methodological issues and choices involved in building these models: the
types of spending and taxes to cover; the type of behavioural response to
taxes to model; the assessment of the distributional impact of tax systems
and tax reforms; and the data required for different types of models. To
provide some concrete examples, Section 8.4 provides a discussion of two
particular models, the methodological choices made in constructing them,
and the uses to which they have been put and can be used for. Finally,
Section 8.5 concludes and offers what look to be fruitful future develop-
ments in indirect tax micro-simulation methodology.

8.2. What is the role of indirect tax micro-simulation models?

There are at least two reasons why indirect tax micro-simulation models
are useful tools. The first follows from its direct practical relevance for
analysing and evaluating reforms to taxes that generate a substantial pro-
portion of government revenue, and have a similarly significant impact on
household’s spending power and welfare. The second is more theoretical,
and stems from the lack of general theoretical answers about the charac-
teristics of optimal tax systems in the ‘real world’.

The importance of indirect tax revenues in OECD countries is illu-
strated in Figure 8.1, where we show the average fraction of total tax rev-
enues (including social security contributions) made up of VAT, sales
taxes and excise duty receipts. In 2011 VAT, sales taxes and excise duties
contributed, respectively, 19.1%, 0.5% and 7.9% of tax revenue.
Certainly the importance of VAT has increased substantially over the last
four decades, growing from 9.4% in 1976 to 19.1% in 2011. Excise reven-
ues, in contrast, and certainly sales tax revenues have fallen in relative
terms during the same period. The near disappearance of sales taxes are
mainly driven by the introduction of VAT in Canada in 1991 (as a source
of federal revenue besides sales taxes at the provincial level), and in
Australia and Slovenia in, respectively, 1999 and 1998. Among the OECD
countries, the sales tax presence in Figure 8.1 is now nearly exclusively
due to the United States.

Indirect taxes are thus an important component of the overall tax
system and understanding their distributional, behavioural and welfare
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effects is vital to understand the effects of the tax system as a whole.
Figure 8.2 shows that there is also significant cross-country variation in
the importance of VAT and excise duties in overall revenues. And also the
structure of the VAT-rates varies considerably, with the standard ranging
from 15% in Luxembourg to 27% in Hungary (with most countries
applying a standard rate of 20% or 21%).3

Moreover there have been substantial reforms in indirect tax systems
over the last 15 years including:

• Increases in the main rates of VAT in Finland, Greece, Ireland, Italy,
the Netherlands, Spain, and the United Kingdom as part of fiscal con-
solidation efforts, and in Germany as part of a shift of taxes away from
labour to consumption;

Figure 8.1. Share of VAT, sales taxes and excise duties as percentage of

total tax revenue OECD-average 1976�2011
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3 For a detailed description of the VAT-structure in the 28 EU member states, see http://ec.

europa.eu/taxation_customs/resources/documents/taxation/vat/how_vat_works/rates/vat_

rates_en.pdf
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• Changes in the set of goods subject to reduced rates of VAT (such as
the application of reduced rates to restaurants in France), and changes
in reduced rates (such as the reduction of the rate on domestic energy
from 8% to 5% in the United Kingdom in the late 1990s);

• Significant real-term changes in particular excise duty rates such as in
the United Kingdom and in Belgium.

Assessing the impact of these changing tax rates and structures on tax
revenues, and household welfare and spending patterns has been a key use
of micro-simulation models.

Of course, micro-simulation models allow not only the ex post evalua-
tion of actual reforms but also the ex ante evaluation and analysis of
potential reforms. And, although the stampede to VAT is now largely
behind us � most countries had adopted VAT by the early 2000s, with
the notable exceptions of the United States, China and India � there is
still an intensely active debate about the proper structure for indirect tax
rates, and the role of indirect taxes compared to direct taxes and social
security contributions. Existing indirect tax micro-simulation models,

Figure 8.2. Share of VAT, sales taxes and excise duties as percentage of total tax

revenue for different OECD countries in 2011
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228 Bart Capéau, André Decoster and David Phillips

http://stats.oecd.org/


given their relatively simple behavioural models (see Section 8.3) cannot
answer these questions on their own. But by providing the tool to quanti-
tatively assess some aspects of the suggested reforms on representative
samples of households, they do provide useful inputs into these debates.
This brings us to the second rationale for building micro-simulation mod-
els for indirect taxes.

Since the seminal work of Atkinson and Stiglitz (1976), a large theoreti-
cal literature has developed which investigates whether or not the tax rates
imposed on different goods and services should vary or instead be uni-
form.4 Initially, mainly the crucial role of separability between labour sup-
ply choices and the allocation of earned income to different commodities
to obtain optimal uniform commodity taxation was emphasised.
Empirical testing of this assumption is limited, but that evidence which
there is (Browning & Meghir, 1991) suggests that there may be efficiency
gains from some variations in tax rates. And, more recently, several
authors have highlighted the role of preference heterogeneity and shown
that taste differences can justify differential indirect tax rates as part of
redistributive policy (see the work of Blomquist & Christiansen, 2008;
Cremer, Pestieau, & Rochet, 2001; Saez, 2002; Sandmo, 1993).

However, that does not mean that existing differences in rates � such
as the reduced rates on food and other ‘essentials’ found in many VAT
systems � are worthwhile, nor whether the potential efficiency gains out-
weigh the real administrative, legal and compliance costs associated with
applying different rates to different goods. In part, because of this, a num-
ber of major studies have concluded that moves towards a broader more
uniform VAT could be beneficial (for instance Mirrlees et al., 2011).
Moves towards a uniform VAT have also been suggested for developing
countries (Anton, Hernandez, & Levy, 2012; Ebrill, Keen, Bodin, &
Summers, 2001), although this is perhaps more controversial (Bird &
Gendron, 2007). However, there is also lobbying for extending reduced
rates of VAT to additional goods and services in many countries � such
as the campaigns for extending reduced rates of VAT to food served in
pubs and restaurants, holiday accommodation and tourism attractions,
and housing renovation and repair in the United Kingdom.5

Micro-simulation models do not allow us to answer whether rates
should vary or not. But they can be used to assess some of the distribu-
tional and behavioural effects of existing rate structures and moves

4 In these theoretical models, a uniform tax rate on all commodities and services reduces to a

proportional income tax. Therefore, showing in which cases optimal commodity taxes

should be uniform is tantamount to pinpoint the conditions under which commodity or

indirect taxation is redundant.
5 See http://www.vatclubjacquesborel.co.uk/index.html, http://www.cuttourismvat.co.uk/,

and http://www.fmb.org.uk/news-publications/newsroom/campaigns/cut-the-vat/
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towards or away from uniformity. For instance, such models have
been used to show that reduced rates on food and other essentials are not
particularly well-targeted ways of redistributing to poorer households,
and to assess the distortionary effects on consumption behaviour of
having different rates on different goods (Institute for Fiscal Studies [IFS]
et al., 2011). They have also been used alongside direct tax and benefit
micro-simulation models to examine how poorer households could be
compensated for the abolition of such reduced rates (Mirrlees et al.,
2011). By taking into account real households’ spending patterns, and the
correlation of these with other household characteristics such as income,
micro-simulation models provide a link between theoretical models of
commodity tax design and the real world.

There has also been a debate about the appropriate mix between direct
and indirect taxation (Atkinson, 1977; Atkinson, Stern, & Gomulka, 1980;
Atkinson & Stiglitz, 1976; Cnossen, 2012; Cremer et al., 2001), and parti-
cularly between employers’ social security contributions and VAT (de
Mooij & Keen, 2012). In 2006, for instance, reductions in employer social
security contributions in Germany were paid for by increases in VAT: the
hope was that this would boost employment and Germany’s international
competitiveness. Micro-simulation models of both indirect taxation and
consumption, and direct taxes and labour supply, have been utilised to
assess the impact of this reform (Bach, Haan, Hoffmeister, & Steiner,
2006), finding, in the short term at least, small increases in employment but
also in inequality. Micro-simulation models have also been used to assess
the long-run distributional effects of such policies for a broader range of
EU countries in research for the EU Commission (CPB et al., 2013). On
their own micro-simulation models do not answer the question ‘would
such reforms be a good idea?’ but they do allow detailed investigation of
the effects of reforms on different types of households that may be missed
if analysis was restricted to more macro or theoretical work.

Thus, indirect tax micro-simulation models have many uses and their
use can contribute to areas of active economic research and debate. In the
final section of this chapter we discuss how developments in micro-
simulation methodology may expand the set of questions such models can
address. But first, we set out the main methodological issues and choices
that need facing when building a typical indirect tax micro-simulation
model (Section 8.3) and discuss in more depth two existing models
(Section 8.4).

8.3. Methodological issues and choices

8.3.1. Coverage of the model

A first decision that has to be made when constructing any micro-
simulation model is the individual (‘micro’) unit to which it will apply. In
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this chapter we limit ourselves to the consideration of models where the
micro-unit is the household. To the best of our knowledge, there are no
micro-simulation models that consider the within-household distributions
of consumption or indirect tax payments, although there is certainly a
substantial economic literature that explores the implications of moving
from the household as the decision make unit (the ‘unitary model’) to the
individuals within that household (such as in the ‘collective model’). This
literature generally rejects the assumption that households make decisions
as a single unit (see Hoddinott, Alderman, & Haddad, 2002 or Rode,
2011 for an overview or Chiappori & Donni, 2011 for a list of studies).
However, the use of alternative individual-based models for micro-
simulation is stymied both by conceptual challenges and by lack of data
on how much of household spending is for the benefit of different house-
hold members.6 There are models where the unit of analysis is the firm
rather than the household (Bardazzi, Parisi, & Pazienza, 2004; Reister,
Spengel, Heckemeyer, & Finke, 2008) but these are much less common
and tend to focus on corporation tax rather than indirect taxes such as
VAT. In Section 8.5 of this chapter we discuss how new models are being
developed that incorporate both consumers and producers (firms), and
Chapter 16 of this book looks more generally at firm-level micro-
simulation models.

The next decision is the coverage of the model both in terms of (a) the
taxes to be modelled and (b) the goods and services to be included.

General-purpose indirect tax micro-simulation models typically model
VAT (or retail sales tax) and excise duties, which in most countries
together make up the vast majority of indirect tax revenues. As discussed
in Section 8.2, some VAT and excise duties are payable by firms on inter-
mediate transactions with other businesses. Most models typically ignore
this part of the tax revenues and focus on that part levied on final sales
to consumers. However, if one assumes that this un-reclaimable tax is
ultimately incident on prices charged to final consumers, it is possible to
include these indirect effects by using input-ouput tables to calculate the
implicit tax rates built into prices from these intermediate taxes (see
Ahmad & Stern, 1984 or Tamaoka, 1994). These implicit tax rates can
then be added to the tax rates applicable on final sales to calculate total
tax rates. The data requirements for this are briefly discussed in
Section 8.3.4. It is also possible to account for such taxes by grossing-up
revenues to match administrative data (which includes these unrecover-
able VAT). This would improve the accuracy of the model’s estimates of
the revenue effects of reforms. But if this technique is also used for

6 Such information is, strictly speaking, not required for testing the restrictions implied by

the collective as compared to the unitary model.
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distributional analysis, the implicit assumption is that the incidence of
un-reclaimable input VAT and excise across households is the same as
that which is paid directly by households � which may not be true. We
discuss the issue of grossing-up to match external data on tax revenues
and expenditures more generally later.

Excise duties usually take the form of a fixed amount of tax per unit
(e.g. per litre of petrol, or per litre of alcohol content), sometimes com-
bined with an ad valorem rate (as in the case for cigarettes in the
European Union). To model these, one therefore must either have data on
quantities or impute quantities, or convert the per-unit tax into an
approximate ad valorem rate (see the appendix). For ease of exposition
we assume all taxes are ad valorem in the rest of this section.

Other taxes which are much less often modelled, include import duties,7

registration fees (such as for cars), annual motor vehicles taxes, or taxes
on land, housing or business premises transactions (such as the Stamp
Duty Land Tax in the United Kingdom). Subject to assumptions about
incidence and the availability of data on imports of different types, import
duties can be incorporated via input-output table methods. Registration
fees are usually limited to durable goods, which as we discuss below pre-
sent some problems for consumption and micro-simulation models. Taxes
on land and property are also problematic to deal with, due to the limited
data on housing purchases and assets in most household expenditure
surveys, and the fact that the economic incidence of these taxes is likely to
differ from other indirect taxes (see below).

This brings us to what goods and services should be included in a
micro-simulation model. In principle, one would want to include all goods
purchased and consumed, and calculate the taxes paid and any welfare or
behavioural effect of these taxes. However, data limitations and differ-
ences in the characteristics of certain goods mean that this may not always
be possible � or indeed, desirable � in a single model.

Durables, for instance, are purchased much less frequently than non-
durable goods. Although household surveys typically try to get around
this by asking about durable purchases during a longer time period than
non-durable purchases, for larger items (such as a car, new kitchen, or a
house), reported expenditures on such items probably do not reflect the
average (annualised) spending on such goods by a household. This creates
problems for determining households’ places in the distribution of

7 Export duties present additional difficulties. Where exporters are price-takers in interna-

tional markets, taxes cannot be passed on to overseas buyers but are instead incident, in

the first place, on the exporting firms (and ultimately their employees and shareholders).

Analysing such a situation would require a firm-level micro-simulation model.

Alternatively, if exporters have market power, taxes may be partly or fully incident on

overseas buyers.
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consumption (see Section 8.3.3), for calculating their average (annualised)
tax payments as a result of spending on such durable goods, and for the
estimation of consumer demand systems (see Section 8.3.2). One option is
to exclude durables from the model, but given that these make up a large
fraction of total expenditure (and especially expenditure subject to VAT),
this is not ideal. An alternative is to exclude durables from those parts
of the micro-simulation model where the infrequency of purchase causes
particular problems such as demand systems that examine the effect of tax
changes on spending patterns, but to include them in the main (revenue
and distributional) part of the model.

Housing is particularly problematic: it is often a very large component
of overall consumption; transactions are relatively infrequent among
owner-occupiers; and in addition to being a consumption good, it also
simultaneously serves as an investment that can be sold on. For determin-
ing a household’s place in the distribution of consumption, one might
want to include a measure of rent � actual rent for those actually renting,
or imputed rent for owner-occupiers � in the expenditure measure. This
approach has been followed in work for the European Commission (IFS
et al., 2011). Whether one includes housing consumption in measures of
expenditure or income can lead to significantly different rankings of
households in the consumption or income distribution (Brewer & O’Dea,
2012). Modelling taxes on housing or housing transactions is even more
problematic and for this reason it is often not attempted even when hous-
ing is included in the measure of consumption. First, the incidence of
taxes on housing is likely to be very different than for other goods. For
instance, the imposition of VAT on newly built housing may be mostly
incident on land-owners rather than house-buyers if the supply of housing
land is less elastic than demand for new-build houses. This is an example
of the capitalisation of a tax, which may also occur for recurrent property
taxes � such as the UK’s council tax � or transactions taxes � like the
UK’s Stamp Duty Land Taxes. Alternatively, if VAT does act to increase
the price of new-build houses, it is also likely to increase the price of exist-
ing houses, despite no tax being levied on these, resulting in a windfall
gain for existing home-owners. Such effects are quite different to the way
indirect taxes are modelled in general-purpose indirect tax and consump-
tion models.

A significant part of ‘expenditure’ on one type of service is nearly
always missing: financial services. Whilst household expenditure surveys
may ask how much is spent on fees for banks or credit cards, a large part
of the ‘cost’ of these services is the spread between the interest rates
charged or awarded to consumers and that which the bank faces. As
information on financial assets, debts, and interest rates is generally not
recorded in household surveys, it is generally not possible to incorporate
such effects into indirect tax micro-simulation models. Moreover, finan-
cial services are usually exempt from VAT, but as we mentioned before,
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VAT paid on intermediate inputs could still affect the price paid by consu-
mers for these services.

Lastly, once one has chosen the commodities to include and the taxes to
model, there is a question as to how to group commodities into categories
for use in the micro-simulation model. The question pops up because
expenditure surveys, which are the underlying databases for micro-
simulation models of indirect taxes, typically contain several hundred
categories. In fact, as long as the model is a purely arithmetic one � that
is, without behavioural reactions included in the model � there is no real
need to group these hundreds of different commodities into a smaller num-
ber of categories. The only thing to do is to match each single commodity
to its statutory VAT rate or excise duty, and apply the appropriate tax
rule. The less one groups commodities in categories, the more flexible the
model is � more easily allowing changes in the goods subject to different
rates of VAT, for instance.

But when behavioural responses are simulated (see below) one seldom
models indirect taxes at the most detailed commodity level, available in
expenditure surveys. In principle, it is best if one is able to group
commodities according to the tax rates they face � such as reduced or
standard rate of VAT, or different types of duties � and by their func-
tional characteristics � such as ‘food’, ‘non-alcoholic drinks’, etc. This
means one ends up with categories such as ‘food subject to the reduced
rate’, ‘food subject to the standard rate’, ‘beer’, ‘wine’ and ‘spirits’. The
more such categories one has, the more flexible the model is � more easily
allowing changes in the goods subject to different rates of VAT, for
instance. But in some cases � especially where behavioural models are
estimated � broader groups need to be constructed which may need to
combine goods subject to different tax rates (such as different types of
alcohol subject to different duties rates). In this case, one must calculate
the average tax rates for the commodity group as a whole. This is the
weighted average of the tax rates of the component commodities, where
the weights are population-wide shares of the component commodities in
overall spending on the commodity group. Assume for example that a
commodity aggregate, say G, consists of the goods G1;G2;…;Gg;…;GG,
and population-wide expenditures on commodity Gg are denoted by ηGg

,
its consumer price by qGg

, and the tax rate on Gg equals tGg
. The consumer

price and tax rate of the commodity aggregate G, say qG and tG are then
calculated as:

qG =
XG
g= 1

ηGgPG
g= 1 ηGg

qGg
and tG =

XG
g= 1

ηGgPG
g= 1 ηGg

tGg
: ð8:1Þ

If individual household composition of group aggregates deviates
from population-wide aggregates, this aggregation procedure will cause
deviations of estimated tax liabilities from actual tax liabilities of
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the household. Moreover, if the taxes on the different goods within these
commodity groups change differentially as part of a reform, one has to
work out the effect on the average post-reform price tax rate. In general,
two methods can be used. First, is to assume that population-wide
expenditure shares within this commodity group, ηGg

=
PG

g= 1 ηGg
, remain

fixed, which is akin to the ‘fixed shares’ assumption in modelling con-
sumption behaviour (see the next section). The second is to keep relative
quantities fixed. This latter approach is most similar to what is done in
basic ‘fixed quantities’ micro-simulation models (also discussed in the next
section).

8.3.2. The core modelling assumptions � what changes in response to
a reform?

The four modelling options we consider in this section all rely on one key
assumption: producer (pre-tax) prices are fixed. This assumption is made
in nearly all existing indirect tax micro-simulation models and implies that
indirect taxes are fully passed through to the price paid by the final consu-
mer, significantly simplifying the modelling of tax changes. In the conclu-
sion, we briefly discuss two ways to relax this assumption. In each of the
four options considered below, labour supply (and thus earned income) is
also considered to be fixed.

Before setting out the different modelling options available once these
assumptions are made, it is worth setting out some simple arithmetic that
will be used to show the links between the expenditure recorded in the
household survey, tax payments and tax revenue, and the estimated wel-
fare effects of reforms.

Assume there are n commodities, indexed by j∈ 1; 2;…; nf g. Quantities
consumed by an individual (household) h are denoted by xh = ðxh1; xh2;…; xhnÞ.
Because of the assumption of fixed producer prices, for goods subject to ad
valorem taxes only, we can think of these quantities in monetary terms
(the physical quantity of a good does not actually matter for tax calcula-
tions). Excise duties, on the other hand, are charged per unit of a good
rather than as a percentage of expenditure, meaning that physical quanti-
ties do matter. In the technical appendix we show how, generally, excise
duties can be translated into ad valorem rates. Thus, for ease of exposition
we consider only ad valorem taxes in this section (the same four models
are applicable to goods subject to excise duties which cannot be converted
to ad valorem rates, but the arithmetic involved in calculating the effect of
tax changes on consumer prices differs from that presented here).

Consumer prices of commodities are denoted by q= ðq1; q2;…; qnÞ.
Because of the assumption of fixed producer prices, we can normalise pro-
ducer prices to one, and thus for all commodities j we have qj = 1þ tj,
where tj is the indirect tax rate on commodity j. Finally, disposable
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income or total expenditure of a household h is denoted by yh, and is
considered to be fixed. So, the household’s budget equation reads as:

q0xh ≡
Xn
j= 1

ð1þ tjÞxhj ≤ yh: ð8:2Þ

A household’s indirect tax liabilities are thus equal to:

T xh
� �

=
Xn
j= 1

tjx
h
j ; ð8:3Þ

and, assuming there are H households in the economy, government reven-
ues from indirect taxation, say R, are equal to:

R=
XH
h= 1

Xn
j= 1

tjx
h
j : ð8:4Þ

Consider now an indirect tax reform, where taxes are changed from
the baseline system t0 ≡ ðt0;1; t0;2;…; t0;nÞ to a new reformed system
t1 ≡ ðt1;1; t1;2;…; t1;nÞ, with corresponding consumer price vectors q0 ≡
ðq0;1; q0;2;…; q0;nÞ and q1 ≡ ðq1;1; q1;2;…; q1;nÞ. The indirect tax model has
then to calculate the effect of the reform on household tax liabilities, gov-
ernment revenues, a measure of consumer welfare or spending power, and
in some cases, spending patterns.

The four methods of doing this each involve different assumptions
about what is held fixed and what can vary:

• the vector of quantities xh0 = ðxh0;1; xh0;2;…; xh0;nÞ is held fixed for all house-
holds h;

• total expenditure yh and expenditure shares sh0 = ðsh0;1; sh0;2;…; sh0;nÞ
(defined below) are held fixed for all households h;

• total expenditure yh is held fixed and expenditure shares (and hence
quantities) adjust for each household h according to an estimated Engel
curve (i.e. only the income effect of the price change is taken into
account);

• total expenditure yh is held fixed and expenditure shares (and hence
quantities) for each household h adjust according to an estimated com-
plete demand system in which we take into account both the real
income effect and the relative price effects.

We discuss each of these four possibilities in turn.

8.3.2.1. Fixed quantities
The first and perhaps most simple method is to hold the quantities in the
reform system fixed at initial quantities xh0. Note first that, because quanti-
ties are fixed but tax rates, and thus consumer prices are changing, total
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expenditure under the reform system (yh1) cannot be equal to total expen-
ditures in the baseline system (yh0):

yh0 ≡
Xn
j= 1

xh0;jð1þ t0;jÞ≠
Xn
j= 1

xh0;jð1þ t1;jÞ≡ yh1: ð8:5Þ

This is usually motivated by assuming that the difference between pre-
and post-reform expenditures is absorbed by net savings (or a change in
other expenditures not included in the analysis). In a purely static case,
this may be justifiable. However, net savings will ultimately be spent and
thus, in the long run, changes in net savings will result in changes in tax
payments (and welfare) in the future. This means estimates of the revenue
effects of a reform obtained from fixed-quantities models are not consis-
tent with the households’ inter-temporal budget constraint and the
assumption of fixed labour supply and earnings.

If we hold quantities fixed, then the change in taxes paid by household
h is calculated as:

ΔThðt0; t1Þ=
Xn
j= 1

xh0;jðt1;j − t0;jÞ; ð8:6Þ

where t1 is the new set of tax rates. The effect on government revenues is
then calculated by summing the change in tax payments over households.

In this approach the difference between pre- and post-reform tax pay-
ments (Eq. (8.6), which is identical to the difference between pre- and
post-reform expenditure) usually serves as a proxy measure of the indivi-
dual welfare change of the reform. In the technical appendix we show
that, if we assume that the initial quantities were chosen optimally given
the initial tax system, the change in tax payments in Eq. (8.6) is a first
order approximation of the welfare effect of the reform (Bourguignon &
Spadaro, 2006). In particular, it provides an upper bound to the ‘compen-
sating variation’ � that is, the monetary compensation you would need to
give (or take away) from a household in order to ‘compensate’ it for the
reform (i.e. to make it as well off as it was pre-reform). This is because,
when compensated, the household would only choose a set of quantities
different from the original quantities if doing so allowed it to enjoy higher
welfare (and thus giving the household enough to buy the original quanti-
ties would be at worst full compensation and maybe ‘overcompensation’).

If the initial quantities were not optimal, then the change in tax pay-
ments does not provide a first order approximation to the welfare effect.
This means, strictly speaking, this method is only valid when the baseline
system is the same system that applied when the household data were
collected. In practice, however, the method is used when this is not the
case, with ad hoc adjustments to account for the change in tax rates, price
levels and income levels between the time the data was collected and
the base period for the analysis. In these circumstances, the change in tax
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payments with quantities fixed, does not have a straightforward welfare
interpretation: it simply provides an estimate of the change in tax pay-
ments holding quantities fixed (although this may also be interesting in its
own right and is unlikely to be too bad an approximation).

8.3.2.2. Fixed expenditure shares
Under this approach, total expenditure is kept fixed at yh0 and quantities
are adjusted so that the initial share of total expenditure on each good,

sh0;j ≡
q0;jx

h
0;j

yh
0

, is held constant. Since q0;j = 1þ t0;j this means:

ð1þ t0;jÞxh0;j
yh0

≡ sh0;j = sh1;j ≡
ð1þ t1;jÞxh1;j

yh0
; ð8:7Þ

for all j and the new quantities of each good j can be calculated as:

xh1;j =
ð1þ t0;jÞ
ð1þ t1;jÞ

xh0;j: ð8:8Þ

Then the change in tax payments by a household can be calculated as:

ΔThðt0; t1Þ=
Xn
j= 1

ðxh1;jt1;j − xh0;jt0;jÞ; ð8:9Þ

and summed over households to obtain the change in overall revenues. By
construction, yh0 = yh1 ≡ yh, meaning that the household’s budget constraint
is satisfied in this model, and revenue estimates are consistent with both
within period and inter-temporal budget constraints. However, the change
in tax payments in Eq. (8.9) no longer represents an upper bound to the
compensating variation measure of the welfare effect of a reform. Even
stronger, Eq. (8.9) has no welfare interpretation at all. Indeed it is possible
that a bundle which is preferred to the bundle chosen in the base line, but
which was not affordable at pre-reform prices, becomes available in the
post-reform system. It is possible that the taxes paid on this preferred
bundle might exceed the taxes paid on the bundle chosen in the baseline �
the change in taxes paid would therefore suggest a negative welfare effect,
when in fact the reform had a positive welfare effect.8

8 For example, suppose there is a two good economy, t0 = ð0:2; 0:1Þ, and there is a consumer

who chooses to allocate her budget of yh≡11.2 such that xh0 = ð2; 8Þ. Taxes paid in this initial

situation amount to 1.2. Let there then be a reform such that t1 = ð0:12; 0:25Þ. Let the newly

chosen bundle be xh1 = ð8; 1:7Þ. This bundle is unaffordable at the old tariff

(8× 1.2+ 1.7× 1.1= 11.47> 11.2), but affordable at the new tariff (8× 1.12+1.7× 1.25=
11.085< 11.2). It also delivers higher tax revenues (8× 0.12+ 1.7× 0.25= 1.385> 1.2), and by

revealed preference (i.e. because it was not affordable at the old prices), might easily be pre-

ferred to xh0 = ð2; 8Þ, by that person.
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However, since we have calculated new quantities in Eq. (8.8), we can
calculate a welfare measure similar to the one in Eq. (8.6), but where we
now evaluate the tax induced price change by means of the post reform
quantities xh1:

ΔThðt0; t1Þ=
Xn
j= 1

xh1;jðt1;j − t0;jÞ: ð8:10Þ

In the appendix we show how the change in tax liabilities in Eq. (8.10)
can be interpreted as a lower bound of a second well-known money metric
measure of welfare change: the equivalent variation. This welfare measure
of a price change measures the amount the household would be willing
to pay (or have to be paid) to forego the reform. If one is willing to
assume that the new quantities, obtained from the ‘fixed shares’ assump-
tion, are optimal quantities in the baseline price regime, then Eq. (8.10)
provides us with an exact measure of the equivalent variation of the price
change.

More generally, since the assumption of fixed shares amounts to
assuming that preferences are Cobb�Douglas, one can use the expendi-
ture function associated with the Cobb�Douglas utility function to calcu-
late exact welfare effects of a reform (instead of relying on first order
approximations, and/or lower or upper bounds of equivalent or compen-
sating variations). The mathematics of this is spelled out in the technical
appendix to this chapter. Notice that with preferences that imply fixed
expenditure shares it need not be the case that the baseline tax system is
the same tax system that was in place when the data were collected �
because spending patterns remain always the same. Unfortunately, the
restrictive nature of Cobb�Douglas preferences are not supported by
empirical evidence on consumer responses to price and income changes.
This means more flexible approaches can be worthwhile.

It is also possible to combine fixed shares for the estimation of revenues
with fixed quantities for the welfare and distributional analysis so that
first-order approximations of the compensating variation are used for
these parts of the analysis.

8.3.2.3. Using estimated Engel curves
A full model of consumer behaviour would explain observed household
demand as a function of prices, q= p+ t, disposable income (or total
expenditures), yh, and other household characteristics, say zh. Denote such
a demand function as dh (q, yh; zh)= xh. Household expenditure survey
data does generally not contain prices, and being a cross-section, any price
variation is likely to be limited in any case: this means assessing the price
effects in the demand functions is not usually possible using household
expenditure survey data alone.
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But these surveys contain a lot of variation in household disposable
incomes (total expenditure) and a rich set of other household characteris-
tics. So, the effect of disposable income on commodity demands can be
estimated using econometric techniques. Such a relation between demand
and disposable income is called an Engel curve. We denote it as follows:

xh = f
yh

PhðqÞ ; z
h; ɛh

� �
; ð8:11Þ

where yh/Ph(q) denotes real income or total expenditures, Ph(q) is a price

index satisfying Phðq;…; q|fflfflffl{zfflfflffl}
n times

Þ= q for all q≥ 0, and ɛh is a set of n random

disturbance terms reflecting unobserved preference heterogeneity or devia-
tions from the model.

Normalising the baseline such that all consumer prices are equal to one,
one can estimate Engel curves on a cross-section without price variation,
which establishes a relation between (nominal) income at the period
of observation and demand. The baseline quantities according to this esti-
mated Engel curve, say x̂h0, are then equal to:

x̂h0 = f h
yh

Phðq0Þ
; zh; eh

� �
= f hðyh; zh; ehÞ; ð8:12Þ

where eh is a particular realisation of the random terms ɛh. The last equality
follows from the normalisation such that q0 = ð1;…; 1Þ and Ph (1,…, 1)= 1.

When the functional form of the system of Engel curves satisfies the
adding-up constraints (which means that total expenditures always equal
disposable income), and with total expenditures fixed, say yh, the
estimated quantities x̂h satisfy:Xn

j= 1

ð1þ t0;jÞx̂h0;j = yh =
Xn
j= 1

ð1þ t1;jÞx̂h1;j; ð8:13Þ

both at baseline and post-reform prices.
To simulate the post-reform quantities x̂h1, an assumption has to be made

about the price index function (since it could not be estimated from a cross-
section with fixed prices). One possibility is to use a Divisia price index:

Ph qð Þ= ∏
n

j= 1

q
shj
j ; ð8:14Þ

where shj is the budget share of expenditures on j by h. Then the post-
reform demand can be estimated by:

x̂h1 = f h
yh

Phðq1Þ
; zh; eh

� �
; ð8:15Þ
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where Eq. (8.14) is used to calculate the price index at the new prices q1.
Note however that a problem arises here, because post-reform shares sh1
needed in Eq. (8.15) are not known. In the appendix we show how a first-
order Taylor expansion of yh=Phðq1Þ around the initial prices q0 can be
used to approximate the new real income as follows:

yh

Phðq1Þ
≈ yh 1−

Xn
j= 1

sh0;j d ln q0;j

 !
; ð8:16Þ

in which the second term between brackets is simply a weighted average
of the percentage changes of the prices of the individual commodities.

Effects on tax payments can then be calculated as under the fixed
expenditure share approach in Eq. (8.9):

ΔThðt0; t1Þ=
Xn
j= 1

ðxh1;jt1;j − xh0;jt0;jÞ; ð8:9Þ

and revenue effects are obtained by summing these changes across house-
holds. As with the fixed-shares models, the changes in tax payments
cannot be used as welfare proxies. But again, approximations to compen-
sating and equivalent variations can again be constructed.

One additional remark is worth mentioning, relating to the fact that in
this approach one has an explicit model (Eq. (8.11)) which explains
observed expenditure patterns. This allows to compare the simulated
post-reform expenditure patterns with the simulated baseline expenditure
patterns, instead of with the actually observed baseline expenditures.
Actual and simulated pre-reform patterns will differ, in general, by the
prediction error in the model:

~ehj ≡ xh0;j − x̂h0;j; ∀j; h: ð8:17Þ

The possibility to compare the reform situation with the simulated
baseline allows to isolate the effect from the tax reform as such, from the
prediction error of the model. Note of course that working with predicted
expenditures also opens the possibility that, depending on the model used,
predicted shares may be negative for some goods for some households.
Alternatively, one could add the error term in Eq. (8.17) to the predicted
pre- and post-reform expenditure shares or quantities.

In Section 8.4 we will sketch how indirect taxes have been integrated
in the tax benefit model EUROMOD, along the lines explained in this
subsection.

8.3.2.4. Using estimated demand systems
If, in addition to information on expenditures, one has information on
prices (from outside of the expenditure survey), and variation in those
prices, one can estimate a full demand system, that is the set of equations
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dhðq; yh; zhÞ referred to in the previous subsection, and incorporate this
in the micro-simulation model.9 There are a variety of different types
of models that can be estimated with popular examples including the
AIDS (Deaton & Muellbauer, 1980b) and QUAIDS (Banks, Blundell, &
Lewbel, 1997) models.10 We refer to the appendix for a brief description
of the QUAIDS model. Neither of these models imposes that
demands must be non-negative, although in practice, by grouping
commodities together so that there are few observations with zero-
expenditures for a category, this problem can be minimised. However, it is
possible to impose non-negativity constraints on such models as is done in
Golan, Perloff, and Shen (2001) for an AIDS model of meat demand in
Mexico.

As in the case of Engel curve estimation, baseline spending patterns
should be simulated to avoid ascribing deviations from the model to
effects of the tax reform. Changes in tax payments can then be calculated
by backing out pre- and post-reform quantities from the expenditure
shares and multiplying by the appropriate tax rates; and revenue effects
by summing these changes across households. Welfare effects can again
be estimated using the approximations to compensating and equivalent
variation discussed above.

However, if the demand system one has estimated is integrable � that
is if it has a well-behaved indirect utility and expenditure function under-
lying it � one can use the structure of the model to obtain the welfare
effects of the reform. The technical appendix shows how both the com-
pensating and equivalent variation measures can be calculated using a
QUAIDS model. Note that these exact welfare calculations are consistent
with the predicted spending patterns under the model rather than the
actual observed spending patterns.

The estimation of a demand system has real benefits � one can esti-
mate and incorporate the effects of changes in relative prices and real
incomes on spending patterns, which then affect the revenue and welfare

9 As explained in Deaton and Muellbauer (1980a, pp. 138�140), there are possibilities to

‘estimate’ price elasticities with almost no relative price variation in the data. This is

obtained by assuming additive separability of preferences, which imposes a particular

structure on the substitution matrix, leading to an ‘approximate proportionality of expen-

diture and price elasticities’. In that case ‘knowledge of one price elasticity is sufficient to

allow cross-section household budget data to be used to ‘measure’ price elasticities. The

measurement is, of course, largely by assumption’. However, additivity is strongly rejected

in most econometric tests of this restriction on preferences.
10 AIDS stands for Almost Ideal Demand System, and QUAIDS for Quadratic Almost

Ideal Demand System. Both demand systems allow to impose the adding-up, homogeneity

and symmetry restriction stemming from consumer theory or preference maximisation.

They are almost ideal in that the fourth restriction, negative semi-definiteness of the

Slutsky matrix, cannot be imposed.
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estimates obtained in the model. In principle, incorporating this beha-
vioural response improves the accuracy of a model. A micro-simulation
model incorporating an integrable demand system, can also be used to
investigate the economic inefficiency resulting from distortions to relative
prices when there are different tax rates on different goods (in these stan-
dard demand systems, assuming that one can redistribute via the direct
tax and benefit system, it is optimal to have uniform commodity tax
rates). MEXTAX, described in Section 8.4 has been used to do just this.

However, in order to utilise such demand systems, trade-offs have to
be made. First, because analysis using demand systems means revenue
and welfare estimates are based on predicted as opposed to actual
spending patterns, results for individual households and, indeed, groups
of households will be less accurate. The inaccuracies this introduces into
distributional analysis may be larger than gains from accounting for
changes in demand patterns (Abramovsky, Attanasio, & Phillips, 2012).
One way that attempts to get ‘the best of both worlds’ is to estimate the
true welfare effects given the predicted shares from the demand model,
and add on the first order approximation (fixed quantities) estimate of
the welfare effect associated with the effect of the tax change on the
error term ~eh. For a change in the tax rate on good j, this means calcu-
lating the exact compensating variation using the expenditure function
associated with the demand system, and then adding on the following
term:

~ehj ðt1; j − t0; jÞ≡ ðxh0; j; actual − xh0; j; predictedÞðt1;j − t0;jÞ: ð8:18Þ

Another issue that may result in inaccuracies is that when estimating
demand systems (or Engel curves for that matter) it is often necessary
to group commodities together to ensure that the demand system can be
feasibly estimated (too many goods means too many parameters to esti-
mate, and a greater chance of zero-spending on particular goods, which as
mentioned already can cause problems). The aggregation in commodity
groups could involve putting together commodities that face different tax
rates. For example, different types of alcohol or tobacco subject to differ-
ent duties may be grouped into a single ‘vices’ category, for instance.
When doing this, one must calculate the average tax rate for the commod-
ity group as a whole. The issues involved in doing this were discussed
above.

8.3.3. Welfare and distributional analysis

As discussed in Section 8.2, one of the main uses of indirect tax micro-
simulation models (and, indeed, tax micro-simulation models more gener-
ally) is to analyse the impact of indirect taxes and reforms to indirect taxes
on the distribution of consumer welfare and purchasing power. This
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reflects general interest in whether existing tax structures and tax reforms
are progressive or regressive, and more broadly, in the extent to which
different groups of people are affected by indirect taxes and potential or
actual reforms to these taxes. Thus, a key question is how to order the
population of interest, or partition it into groups, so that the differential
impact of indirect tax reform can be explored.

8.3.3.1. Ranking and grouping households
The most common approach is to rank households by a proxy of their
pre-reform welfare and analyse how gains or losses from a reform vary
across the distribution of this welfare proxy. The welfare proxy chosen is
typically either the household’s income or consumption, which in the
latter case, is typically proxied itself by a measure of the household’s
expenditure.11 Which is preferable? The issue at stake here is whether a
household’s position in the income distribution or expenditure distribu-
tion gives a better indication of where they rank in the distribution of
welfare � or more simply, which gives a better indication of whether a
household is ‘rich’ or ‘poor’. In order to assess this, one must first under-
stand that household surveys generally pick up a ‘snapshot’ measure of
income or expenditure (e.g. income in the last month, or spending on
different types of items in periods ranging from one week to one year).
But such a short-term measure might not accurately reflect the living stan-
dards of the household in either the short or long run. For instance,
households with low incomes may be able to use borrowings, savings or
previously purchased durable goods to maintain their living standards, at
least in the short run.

Many economists have argued that households should be ranked by
their consumption as this takes account of such ‘smoothing’ of income
shocks (Meyer & Sullivan, 2003, 2004, 2008, 2011; Poterba, 1989). The
argument for using consumption is particularly persuasive if we believe
households smooth their consumption over long periods of time and
we are concerned with the long-term distributional impact of a policy
change.

11 These measures are then typically ‘equivalised’ to account for the fact that the level of wel-

fare obtained by household members for a given income or level of spending will differ

depending on its size and structure (e.g. the number of children). There is a substantial lit-

erature on equivalence scales which finds that the types of equivalence scale traditionally

used in micro-simulation models (and analysis of poverty and inequality) have substantial

weaknesses (Balli, 2012). However, estimating more consistent equivalence scales is very

challenging and if it is not deemed feasible by the modeller, it is better to use a standard

scale, such as the OECD-modified scale, than none at all.
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This might suggest a preference for using expenditure to rank house-
holds. But expenditure is not the same as consumption: expenditure cap-
tures the purchase costs of durable goods like cars, whereas consumption
captures the flow of benefits from these goods. Like income, expenditure
may be volatile, with households purchasing certain items infrequently,
especially larger durable goods such as motor vehicles or new kitchens
(but also food if they bulk-purchase). Excluding durable goods from the
measure of expenditure removes much of this problem but introduces a
new one: you may rank households incorrectly if they devote different
proportions of their budgets to durable goods.

It is therefore not clear whether expenditure represents a better mea-
sure of a household’s living standards than income: both are volatile, and
furthermore, both suffer significant measurement error in surveys. For
this reason it is often worthwhile conducting analysis ranking households
both according to their position in the income distribution and in the
expenditure distribution.

But one may also want to group households according to character-
istics other than their income or expenditure. One may be concerned
how a tax reform affects different ethnic groups harder than others;
people of different ages; or households with different numbers of
child and adult members (such as single parents vs. couples without
children).

One can also address a frequently posed policy question � who are the
gainers and losers of a tax reform? � by reversing the analysis and rank-
ing households by gains and losses and examining the characteristics of
households at different parts of the distribution. To do this, one must first
choose how to measure the gains or losses � it could be in cash terms, or
measured as a percentage of expenditure, for instance � and then rank
households from biggest loser to biggest gainer according to this measure.
Then, one can analyse the sex, age, total expenditure or other socio-
economic characteristics of those households at different parts of the
distribution of gains and losses. This method allows one to examine the
heterogeneous impact of reforms on households of similar characteristics.
For instance, it may be the case that poorer households gain from a
reform, on average, but that among this group, a majority gain a little,
and a minority suffer substantial losses (or, even that a majority lose but
a small minority gain substantially outweighing those losses on average).
In this respect, such analysis serves a similar purpose to examining quan-
tiles of effects across the distribution of expenditure or by demographic
group, for instance, rather than simply the mean effect. It also has the
benefit of, in principle, requiring a lower degree of interpersonal compar-
ability of welfare than analysis of average gains and losses: one needs only
a ranking of gains and losses and not a quantification of the size of the
gains or losses (i.e. it requires an ordinal rather than cardinal measure
of gains/losses). Indeed, it is possible to examine the characteristics of
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‘gainers’ and ‘losers’ without attempting to quantify relative gains or
loss. Within the group of losers or gainers, households can be ranked or
subdivided by size of loss or gain.

8.3.3.2. Assessing progressivity of a reform or system
More typically, however, which metric(s) to use to quantify the gains/
losses facing different households is an important methodological choice
in any indirect tax micro-simulation modelling exercise. If one is willing to
assume a particular functional form for the relationship between spending
power and individual welfare and/or social welfare, one can use that to
translate the cash-terms gains and losses into changes in welfare for
households and aggregate that using social-welfare weights to calculate
the change in social welfare. However, generally, researchers do not know
and are not willing to assume this relationship. Instead, applied indirect
tax micro-simulation modellers generally examine how the cash or
proportional-terms gains/losses vary across household groups � such as
income or expenditure decile groups, and/or use summary metrics such as
Gini coefficients, Concentration Curves, Concentration Coefficients or
Kakwani indices, expressed in these cash terms, to determine whether
reforms are ‘regressive’ or ‘progressive’.

Calculating and presenting the gains and losses resulting from indirect
tax reforms in both cash terms, and relative to pre-reform expenditure, is
usually worthwhile, and allows for a more nuanced and policy-relevant
analysis. For instance, zero or reduced rates of VAT on food and other
necessities result in gains that are largest as a proportion of household
expenditure for low-income and low-expenditure households due to the
high fraction of total spending that they devote to such items. However,
high-income and high-expenditure households generally spend the most in
absolute terms on food and other necessities, and therefore gain most in
absolute cash terms from zero and reduced rates. Presenting results on a
cash- and proportional-terms basis therefore allows one to see that while
such policies are progressive in relative terms, they may not be a particu-
larly targeted way to redistribute resources to poorer households (see
Abramovsky, Attanasio, Emmerson, & Phillips, 2011a, 2011b, and IFS
et al., 2011 for such arguments).

But a percentage of what? While it is not clear whether expenditure or
income should be used to rank households from rich to poor, careful con-
sideration shows that gains or losses due to indirect tax reforms are best
expressed as a fraction of spending rather than income. This is because
this provides a better understanding of the long-term impact of indirect
tax changes.

The reasoning behind this statement is best explained using an exam-
ple. Consider the case of a uniform VAT on all goods and services. Over a
lifetime, if lifetime income and lifetime expenditure are equal, this can
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clearly be seen as distributionally neutral as generally defined:12 as it is
imposed on all goods and services at the same rate, it has the same propor-
tional effect on the purchasing power (although not necessarily the
welfare) of rich and poor households. VAT payments under such a system
would be the same fraction of both lifetime income and lifetime expendi-
ture for rich and poor households. But suppose, as in reality, we only have
information on current income and spending. If VAT payments are pre-
sented as a fraction of current expenditure, this distributionally neutral
pattern of payments would be found. However, because households with
low current income tend to spend more than their income, and those with
high current income tend to spend less, showing payments as a fraction of
net income will make the uniform VAT look regressive if households are
defined as rich or poor based on their current income. On the other hand,
if households are defined as rich or poor based on their current expendi-
ture, because households with the lowest spending tend to report incomes
that are higher than their spending, and those with high spending tend to
report incomes that are lower than their spending, showing VAT payments
as a fraction of net income will make the uniform VAT look progressive.
That is, a distributionally neutral uniform VAT can be misleadingly
labelled progressive or regressive if VAT payments are expressed as a pro-
portion of net income. For this reason, analysis showing VAT payments
as a proportion of household expenditure should be considered more
informative. A similar argument can be used to show that direct tax pay-
ments should be expressed as a proportion of household income.

The argument that showing VAT payments as a fraction of income
may give a misleading impression of the lifetime distributional impact of
VAT is driven by the potential for households to borrow and save, but it
does not rely on households being able to borrow freely or have large
amounts of savings to draw-down. Neither does it rely on consumers
being rational and forward-looking or engaging in optimal consumption
smoothing.

12 The assumption that lifetime income and expenditure are equal means that in this example

we abstract from gifts and bequests. This is for ease of exposition only: the argument with

bequests is more complicated but conclusions are largely unchanged. For example, when

assessing the proportional impact of VAT on households that are recipients of gifts and

bequests, it seems clear that we would want to take into account those gifts and bequests

when measuring their lifetime resources. We would not, for instance, wish to say that a

household with zero income but large expenditures funded by gifts and bequests is hit infi-

nitely hard by VAT. Including bequests and gifts in the lifetime resources of the recipient

makes subtracting them from the resources of the giver attractive to avoid the double

counting of gifts and bequests. Adding and subtracting gifts and bequests when calculat-

ing lifetime resources in this manner means a uniform VAT would be found to be a con-

stant fraction of both lifetime resources (income) and lifetime expenditure, that is it would

be distributionally neutral as in the case with no gifts and bequests.
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To see this, consider a poor household with a long-run income of 100
euros per week but who is currently spending 200 euros per week, funded
by drawing down the last of their savings. Furthermore, suppose that the
rate of VAT is 25% on all goods and services. The household would pay
40 euros per week in VAT, equal to 20% of their current spending but
40% of their current income. The question is which measure is a better
reflection of the impact of VAT on the household? It is true that their cur-
rent income is a better measure of their long-run purchasing power than
their current expenditure is. But it does not follow that expressing VAT
payments as a proportion of current income gives a better measure of the
impact of VAT on that long-run purchasing power. This is because when
the household is forced to cut their spending back to the level of their
long-run income (100 euros per week), the amount of VAT they would
pay falls to 20 euros per week. This is equal to 20% of their current and
long-run income, and their long-run expenditure of 100 euros per week.

8.3.3.3. Distributional analysis of reforms that involve changes to
direct and indirect taxes
But if one should express gains/losses due to indirect taxes as a percentage
of expenditure and gains/losses due to direct taxes as a percentage of
income, how can one combine the results of direct and indirect tax micro-
simulation models to look at the overall impact of a package of reforms?
Recall that some of the key questions, assessing the impact of shifts from
direct to indirect tax, or VAT base broadening combined with compensat-
ing changes to direct taxes and benefits, require such combination of
models. The short answer is that there is no perfect way to combine
results. However, there are three approaches that can be used that allow
one to investigate the distributional effects of mixed tax reforms.

First is to add up the cash gains/losses calculated using both the direct
tax and benefit model and the indirect tax model and express results both
as a percentage of income and as a percentage of expenditure. This
means there is one figure for the total cash gain/loss and two figures for the
percentage gain/loss. When assessing progressivity, households should
also be ranked according to their income and expenditure, which then
gives you four sets of results (income�income, income�expenditure,
expenditure�income and expenditure�expenditure). When all four show
the same pattern � proportional gains, for instance, increasing or decreas-
ing with income/expenditure � then a reform can be judged as clearly
regressive or progressive. Where the different sets of results differ, judge-
ment must be used. Chapter 9 of Mirrlees et al. (2011) provides a good
example of this approach.

Second is to calculate the percentage gains/losses using each simulator
separately and to simply add them together to a proxy of the overall
percentage loss a household faces. Cash terms gains/losses can then be
calculated based on either multiplying this total percentage gain/loss by
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either income or expenditure. Under this method, there is one figure for
the total percentage gain/loss and two figures for the cash gain/loss.

Third, if panel data on both expenditure and income is available, much
of the problem disappears as over longer time periods expenditure and
income are likely to be more similar than at any given snapshot, which
makes combining results easier.

8.3.4. Data requirements and processing

The type of data required depends upon the specifics of the indirect tax
model in question.

For even the most basic model, one needs data on household expendi-
tures, disaggregated into categories which align at least approximately
with goods subjected to different tax rates under the baseline and reform
tax systems, and information on the tax rates applied to the different cate-
gories. Such data are now collected on a regular basis in all EU countries,
the United States, Canada, Australia, Japan and many other developed
and developing countries.

In addition, information on household and individual demographics
and income is likely to be required � for inclusion as explanatory vari-
ables in Engel curves or demand systems,13 or as part of the distributional
analysis. Sometimes this data is not available in the expenditure survey
and in this instance, data can be imputed from other surveys, or two sur-
veys can be used together. Our description of the EUROMOD indirect
tax simulation module (Section 8.4) includes an explanation of how this
can be done. If one wishes to incorporate housing consumption in total
expenditure/consumption or income, one may also need to impute this
using observed rents and household and housing characteristics. Brewer
and O’Dea (2012) describe a method of doing this.

A choice that needs to be made is whether to adjust expenditure survey
data to account for under-recording of household expenditures in expen-
diture surveys. For instance, the UK’s Living Costs and Food Survey
captures only around 70% of overall household spending according to the
UK’s National Accounts, and similar problems exist with other surveys.
This under-reporting is not evenly spread across commodities, however: it
is generally a bigger problem for ‘vices’ like alcohol and tobacco.

If one does not account for this under-reporting, micro-simulation
models are liable to significantly under-estimate the revenue effects of
reforms, especially for excise duties. And because under-reporting is
usually greater for ‘taxed’ than ‘untaxed’ expenditures (because of high
excise duties and significant under-reporting for alcohol and tobacco),

13 Income is often used as an instrument for total expenditure.
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estimates of the proportional effect of indirect taxes and tax changes on
average household spending power or welfare are also likely to be under-
estimated. This suggests one might want to use National Accounts data to
adjust for this under-reporting.

But there is no particularly attractive way of doing this. Applying a
uniform adjustment to all spending is likely to lead to over-estimates of
spending on some items, and under-estimates on other items � which is
also likely to lead to inaccurate revenue and welfare effect estimates. On
the other hand, applying different adjustments to different types of expen-
diture would change the spending patterns of households, and mean dif-
ferent adjustments to different households’ total expenditures, depending
on the types of spending they undertake. This may have a substantial
effect on the estimates of the distributional effects of reform. An issue
with both methods is that they assume the amount not reported by a
household is proportional to the amount of expenditure that is reported.
This might not be true: under-reporting might be more significant at the
top or bottom of the expenditure distribution, for instance; and the under-
reporting of certain categories of expenditure such as alcohol and tobacco
is likely to be due to some households omitting such spending completely.
Because of these difficulties, some practitioners recommend using unad-
justed data, and only grossing-up to National Accounts or external reven-
ues estimates outside of the micro-simulation model when calculating
revenue effects of reforms. One can always test the sensitivity of results to
alternative assumptions about this missing expenditure.

As already mentioned, if one wishes to model the effect of un-reclaimable
VAT or excise duties paid by firms on households, data from National
Accounts input-output tables are required. Such tables typically do not have
the same level of detail on individual goods and services as household expen-
diture surveys and, in particular, categories may not always align with those
subject to different tax rates. And while one may be able to calculate average
tax rates for these commodity groups based on expenditure weights from
the household expenditure survey, there is no guarantee that these weights
are also applicable to intermediate firms’ purchases. Thus, while use of
input-output tables allows micro-simulation models to include a larger set of
taxes, it also requires the modeller to make more assumptions.

Lastly, if one wishes to estimate a consumer demand system, informa-
tion on prices, and variation in those prices is also required. In most
analyses for developed countries, this price information comes from out-
side the household expenditure survey: official consumer price indices are
the most common (used in IFS et al., 2011 and Mirrlees et al., 2011, for
instance). In order to get enough variation in prices this typically involves
pooling several years of household expenditure survey data. For develop-
ing countries, information on expenditures and quantities is more often
available within the household expenditure survey, at least for some goods
such as food, clothing, and fuel. This allows the construction of unit
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values (expenditure/quantity). Such unit values may be appealing because
they typically exhibit substantial variation across households or localities.
However, such variation is likely to reflect differences in quality as well as
price, and if one does not account for this, one is likely to get biased esti-
mates of price responsiveness. Methods exist to adjust for this (Crawford,
Laisney, & Preston, 2003 and Deaton, 1988, 1990), but are not consistent
with the kind of integrable demand systems that one might want to use in
micro-simulation models (such as the AIDS or QUAIDS models). With
this in mind, some authors have attempted to limit the problem of quality
variation by making use of average unit values for relatively large geo-
graphic areas (Attanasio, Di Maro, Lechene, & Phillips, 2013), or official
regional consumer price indices as in developed countries (Abramovsky,
Attanasio, & Phillips, 2012). It is important not to re-introduce the ‘qual-
ity problem’ when calculating the prices of the commodity groups used in
the demand system from the lower-level prices typically available in con-
sumer price series. This means the weights used to calculate these ‘average’
prices should be population-average or group-average weights rather than
individual-level weights.14

8.4. Examples of indirect tax micro-simulation models

In order to understand the choices and issues faced when building and uti-
lising indirect tax and consumption micro-simulation models, let us exam-
ine in more detail two models: the MEXTAX model of tax and consumer
demand for Mexico, and the new indirect tax modules in EUROMOD.
MEXTAX is based on the estimation of a full demand system
(QUAIDS). The model also carefully distinguishes purchases in the for-
mal from those in the informal sector (where no indirect taxes are
charged). That distinction is especially important for many developing
countries. It moreover allows for sensitivity-analysis with respect to differ-
ent methods to the under-reporting of consumption from which many sur-
veys suffer, and with respect to different assumptions on the pass-through
of indirect taxes paid by producers or traders. EUROMOD was originally

14 To see why using individual weights can re-introduce the quality problem, consider the

case of a demand system that requires a price for ‘beef’ for which there are two sub-goods:

beef burgers and fillet steak. Household A likes beef and spends a lot on high quality �
and costly � fillet steak. Using an individual level weight would give the household a high

price for beef. Household B does not care much for beef and tends to buy cheap burgers.

Using an individual level weight would give the household a low price for beef. Estimating

a price elasticity from this data using a standard model would produce a positive price elas-

ticity of demand � because it would attribute the high expenditure of Household A on beef

to the high price paid, and vice versa. But in reality the differences in spending on beef

reflect preference differences and the differences in ‘price’ reflect differences in quality.
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a pure tax-benefit model, covering income taxes and social security contri-
butions and benefits, developed for all the 27 EU member states. The last
decade some attempts were made to integrate an indirect tax module into
EUROMOD � and we describe one such solution.

8.4.1. Indirect tax micro-simulation in MEXTAX

MEXTAX was developed at the Institute for Fiscal Studies (IFS) in order
to examine the distributional, behavioural and revenue effects of a set of
tax reforms proposed in Mexico in 2010 (Abramovsky et al., 2011a,
2011b), and Abramovsky et al. (2012). It includes both direct and indirect
tax micro-simulation modules, and incorporates a demand system that
allows the effect of reforms on spending patterns and welfare to be calcu-
lated. It also allows for different assumptions about the pass-through of
indirect taxes to be made (with those taxes not passed through to consumer
prices instead being borne in the form of lower earned or capital income).

The main dataset used is the Encuesta Nacional de Ingresos y Gastos
de los Hogares (ENIGH), a comprehensive survey of around 29,000
households undertaken every two years by the Mexican national statistical
agency (INEGI). This includes comprehensive information on household
and individual demographics, employment and income, and expenditure
and consumption. Expenditure is recorded for more than 750 separate
goods and services, with information on the type of vendor items were
purchased from (for instance where it was a supermarket, small shop or
informal hawker), the payment method used (for instance cash or credit
card), and for food and clothing items, the quantity of purchase that the
expenditure corresponds to (for instance, the weight in kilograms).

MEXTAX has been designed so that the number of categories of expen-
diture included can easily be amended: the model is written in Stata and the
characteristics of the input data and tax system are easily changeable para-
meters defined as scalars and globals. In analyses carried out so far, how-
ever, the 750 goods and services are grouped into 60 categories, 30 of which
record ‘informal sector’ expenditures (which, by default, includes cash
expenditures at street vendors, small markets and some small stores) on
which it is assumed no tax is paid, and 30 of which record ‘formal sector’
expenditures (expenditure at other vendors and by credit card or other elec-
tronic means) for the same goods, on which the full tax due is assumed to be
paid. Taking account of informal purchases is important when analysing the
revenue and distributional impact of indirect taxes in developing countries:
a large fraction of notional revenues are in fact not collected, and such taxes
are avoided more often by poorer households than richer ones, and rural
ones than urban ones. In constructing the expenditure categories, items are
grouped together so that they all have the same tax treatment as far as possi-
ble: that is they are subject to the same rate of VAT or the same excise duty
regime. In doing this, goods that are exempt from VAT are kept separate
from those subject to a zero rate. This is important because the price of the
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former could be affected by changes in VAT due to un-reclaimable input
VAT, the effects of which one can approximate using social accounting
matrices as the World Bank has recently done in its subsequent use of
MEXTAX (the model has been made available to other users by the IFS).

Under-reporting of expenditures (and incomes) is particularly evident
for ENIGH, with aggregate expenditures only around one-third that
recorded in the Mexican National Accounts. However, the extent of under-
reporting varies significantly by type of expenditure: reported expenditure
on education services was 92% of that recorded in National Accounts, but
just 9% for alcohol and tobacco. Because of this, and the issues discussed
in Section 8.3.4, analysis using MEXTAX has relied on sensitivity-testing
findings to use of alternate assumptions about under-reporting.

MEXTAX has also been designed to allow for sensitivity-testing
regarding the pass-through of indirect taxes to consumer prices. The
default assumption is that pass-through is full. However, it is possible to
assume any degree of pass-through between 0% and 100%, with any tax
not passed through assumed to reduce formal-sector employment income
and capital income (and the split between employment and capital income
can also be varied).

The model also allows a choice of whether to assume fixed quantities,
fixed expenditure shares, or variable expenditure shares based upon an
estimated QUAIDS model. Use of the demand system allows the impact
of reforms on spending patterns to be predicted, and because it is integr-
able, allows for the calculation of welfare effects once one allows for
changes in spending patterns. The 60 expenditure categories in the main
MEXTAX model are collapsed into 12 demand system categories in the
present version of the model (although the model allows one to define the
number of demand system categories), based upon their functional char-
acteristics and their treatment by the VAT system. However, the less-fine
categorisation means that different types of alcohol and tobacco are put
in a single category presently, despite differential treatment by the duties
system, meaning that the demand system is currently of little use when
simulating differential changes to duties on alcohol and tobacco.
However, new demand systems can be estimated for particular purposes
� e.g. with a more detailed breakdown of alcohol expenditure � and
easily integrated with the model.

Once the various simulation options have been chosen and the model
run, MEXTAX produces a number of outputs. First, a household-level
dataset that includes demographic variables, expenditures and calculated
indirect taxes under baseline and reform systems is produced. This allows
analysts to perform bespoke analysis. Second, a number of Stata log-files
including distributional tables � ranking households on both income and
expenditure, and expressing gains/losses in cash terms and as a percentage
of income and expenditure � revenue estimates, estimated welfare effects
and estimated behavioural effects are produced. These provide the most
common summary statistics users will need.
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Full information on how to use MEXTAX, which is now integrated
into the larger LATAX programme is available on request from the
authors in the LATAX manual (Abramovsky & Phillips, 2013).

8.4.2. Indirect tax micro-simulation in EUROMOD

EUROMOD is a multi-country EU-wide tax-benefit micro-simulation
model, maintained and coordinated by the Institute for Social and
Economic Research (ISER) at the University of Essex (see Chapter 4 of
this Handbook and Sutherland & Figari, 2013 for an introduction to the
model). As is common to most tax-benefit models, it focuses on personal
income taxes, social security contributions and cash benefits, and has not
modelled indirect taxes in its standard version. One of the reasons is that
the underlying database, which for most of the EUROMOD countries is
EU-SILC, does not have sufficiently detailed expenditure information
in it, to allow for a detailed modelling of VAT and excises for the repre-
sentative sample of households in EU-SILC. Naturally, there have been
several attempts to extend EUROMOD with indirect taxes, starting with
O’Donoghue, Baldini, and Montovani (2004), and resulting at the end of
2013 in a generic VAT-extension for the Belgian version of EUROMOD.

Since, the main impediment to integrate indirect taxes in EUROMOD
had to do with the lack of expenditure data in the underlying database
with incomes, most of the time and efforts devoted to expand
EUROMOD with an indirect tax module have been allocated to imputing
expenditures into the underlying income database. In the EUROMOD-
project AIM-AP, it was investigated in depth which method to choose to
carry out this imputation. Five methods of imputation were tested against
each other: parametric and non-parametric Engel curves, constrained and
unconstrained matching, and grade correspondence.15 The final assessment

15 Matching methods and grade correspondence do not rely on an explicit statistical model

to impute the expenditure information. They rely on choosing one or more overlapping

variables in both surveys. They try to directly concatenate expenditure information to

observations in the income dataset by using the values of those overlapping variables for

an observation in the household survey, that are ‘as similar as possible’ to the values of

those variables for the target observation. Similarity is expressed mathematically as a dis-

tance function which has to be minimised and which can take the form of a numerical

value � for the matching methods, or of belonging to the same categories and having the

same rank within these categories � for the grade correspondence. Unconstrained match-

ing allows replacement of already chosen records in the source dataset with expenditure

information, while constrained matching forbids replacement. For a report on the evalua-

tion of the different methods on the basis of imputation for five countries (Belgium,

Greece, Ireland, Hungary and the United Kingdom), see Decoster et al. (2007) and

Decoster et al. (2011), and for a review of the AIM-AP-project, see Sutherland, Decoster,

Matsaganis, and Tsakloglou (2009).
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was that, overall, parametric Engel curves performed best. The sequel
to the AIM-AP-project, confined to Belgium and Germany only, relied
therefore on parametric Engel curves to enrich the SILC-datasets for these
two countries with detailed expenditures.16

The regression based imputation proceeds in several steps, and is
described here for the Belgian application in which consumption micro-
data from the 2009 Belgian household budget survey (HBS) were used as
an input to enrich EU-SILC data from 2010 (with reported incomes for
2009). First, total non-durable spending and durable spending have been
estimated in the HBS as a polynomial of disposable income and other
socio-demographic characteristics. The estimation of durable expenditures
was done in two steps. To account for the fact that a large number of
households report zero-spending on durable goods during the reporting
period, a Probit model is estimated for the probability of positive demand
for durable spending: At the second stage, the demand equation for total
household durable commodities is estimated, for those households report-
ing positive expenditures. With these estimated coefficients, total non-
durable expenditures, and durable expenditures are then imputed on the
SILC-dataset. Durable expenditures are assumed to be zero when the
household is not likely to expend on durables according to the Probit,
while the estimated durable demand curve is used for imputing values for
those likely to expend on durables.

Because disposable income in SILC, as simulated by EUROMOD,
differs from that in the HBS, an adjustment was needed when making
these imputations: disposable income in the SILC dataset was rescaled,
such that its mean and variance corresponded to the mean and variance
of disposable income in the HBS (used for the estimation of spending).17

Given these imputations for durables and total non-durable expendi-
tures, the amount of savings is defined residually as the difference between

16 This VAT-extension for EUROMOD-Belgium was carried out within the research project

FLEMOSI (Flemish Models of Simulation) which delivered a web-based version of the

Belgian version of EUROMOD, available at www.flemosi.be. The VAT-extension was

carried out in parallel with the extension of the German EUROMOD-model. The metho-

dology of imputing expenditures in EU-SILC was simultaneously developed for the

German and the Belgian SILC. However, only the Belgian VAT-module was fully inte-

grated in the EUROMOD-architecture, the German one standing as a side-routine outside

EUROMOD. For both VAT-extensions of EUROMOD, see Decoster, Ochmann, and

Spiritus (2013, 2014).
17 Another reason for this discrepancy might be that not all personal income tax reductions

are simulated in EUROMOD, resulting in too high tax liabilities and too low disposable

incomes. The correction has only been applied in the imputation stage of total non-

durable and durable expenditures. For the determination of residual savings, actual dispo-

sable income from EUROMOD is used again, such that adding-up conditions are fulfilled.

For the remaining covariates, it is assumed that distributions are similar in both datasets.
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the � non-corrected � simulated disposable income in SILC and the sum
of these two imputations. Note that dissaving is explicitly allowed for.

In a second step, total non-durable expenditures are allocated to 15 com-
modity groups (based on the COICOP classification). Among these 15
non-durable commodity groups, estimation and imputation is conducted
differently for two sub-groups. The first sub-group consists of commodities
that are typically exposed to many zero-expenditures in the data, which are
tobacco, housing rent, public transport, and education. The second
sub-group consists of the remaining 11 commodity groups. The estimation
strategy for the first group closely follows the approach for durable spend-
ing: first a Probit model is estimated for the probability of positive demand
for the respective commodity. Next, budget share equations for each of these
four non-durable commodities in this first sub-group are estimated, condi-
tionally on demand being positive. For the second group of the 11 remaining
commodities only budget share equations are estimated.18 To have the
estimated coefficients satisfying adding-up conditions, total non-durable
remaining expenditure (i.e. after expenditure on the first group of four com-
modities had been subtracted) was used as the covariate in this case. The
coefficients of these equations were then used to impute detailed expendi-
tures in SILC. Again, before imputing the expenditure shares into the
EU-SILC, total non-durable expenditures are adjusted such that their distri-
bution matches more closely the distribution in the HBS. To obtain expendi-
ture levels however, imputed expenditures shares are multiplied, not by this
corrected total non-durable expenditures, but by the non-corrected ones.
This guarantees consistency and adding-up within the simulations of
EUROMOD. We refer to Decoster et al. (2014) for a detailed assessment of
the expenditure distribution in the Belgian SILC dataset.

Adding the routines to calculate VAT or excise liabilities, once expendi-
tures are given, is usually easier than programming the detailed tax
and benefit rules of a personal income tax system or eligibility rules for
social benefits. VAT and excise legislation has been integrated into
EUROMOD-BE by means of the implicit VAT and excise rates on the 15
commodity groups. These implicit rates are constructed as described in
Section 8.3 by means of a separate Stata-plug-in (called SINTAX) to be
appended to the EUROMOD-programme. SINTAX uses the tax legisla-
tion at the most detailed commodity level of the budget survey and the
average expenditures at this detailed level, as an input, and delivers
the implicit rates as output to EUROMOD. EUROMOD then applies

18 We used the QUAIDS specification for the budget shares, meaning in this case that we

regressed the budget share on the logarithm of total expenditures, on the square of it, and

on a number of socio-demographic characteristics. See the Technical Appendix for a brief

description of QUAIDS.
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these implicit rates to the imputed expenditures to calculate indirect tax
liabilities for the households in SILC.

The distribution of baseline VAT liability within EUROMOD-BE is
presented in Figure 8.3. Decile average VAT payments are plotted in
Euros per year as well as related to income or total non-durable spending
in percent. The deciles are based on equivalised incomes, respectively non-
durable expenditures, divided by the OECD-modified scale.

VAT payments naturally increase across the decile distribution in abso-
lute terms. When VAT payments in percent of household disposable
income are considered, (right axis in Figure 8.3) the usual regressive
pictures appear. VAT liabilities clearly decrease across the deciles of
equivalised disposable income, from 14% for the bottom decile to 8.6%
for the richest income decile. If on the contrary, VAT liabilities are related
to total spending, instead of net income, the picture reverses: VAT is now
slightly progressive, in the sense that tax liabilities increase across the dec-
iles of equivalised non-durable total expenditures (from 9.9% to 10.7%).
The reason for these two different pictures, well known from earlier
research, has to do with the important distributional gradient of savings.
It reconfirms the importance of the discussion in Section 8.3.3, about
whether to choose disposable income or expenditures as the concept to
rank households from worse to better off.

Figure 8.3. Baseline VAT incidence in the Belgian EUROMOD baseline (2012
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Of course, the value added of having incorporated VAT and excises
into an established static micro-simulation model like EUROMOD, goes
beyond the confirmation of these already well-known facts. The main con-
tribution lies in the enhanced possibility of combined simulations of both
changes in the tax benefit legislation, and changes in VAT or excises. In
the current version of EUROMOD, the simulations of changes in the
VAT and/or excise rates are performed under the following assumptions:

• labour supply is fixed, but disposable income can of course change due
to changes in the tax benefit legislation in other parts of EUROMOD;

• the change in disposable income is translated into a change in total
expenditures (durable and non-durable) expenditures by keeping the
amount of savings the same as in the baseline;

• the binary status whether the household has non-zero expenditures on
durables is kept fixed from the baseline, but for those with non-zero
expenditures, expenditures are adjusted to account for an eventual price
change in durables, keeping the quantity of durables fixed; this allows
for a change in tax payments on durables; the result is a post-reform
level of total non-durable expenditures;

• for the allocation of the new level of total non-durable expenditures,
the binary status of having non-zero expenditures on the first four
commodities is also kept fixed from the baseline; given this status, the
budget share equations are used to predict the new post-reform budget
share in total non-durable expenditures;

• for the 11 other commodities, the Engel curves are used to predict the
new post reform budget shares, using the new level of remaining non-
durable expenditures as the covariate.

These assumptions make clear that, contrary to the MEXTAX model
discussed in the last section, only real income effects are taken up as beha-
vioural reactions in the current version of the extended EUROMOD. No
relative price effects have been estimated, and hence such effects cannot be
incorporated. Of course, the real income effect is not only introduced in the
positive part of the model (i.e. changing the expenditure pattern), it is also
translated into a welfare effect along the lines explained in Section 8.3.2.

We illustrate the possibility of the results with a table from Decoster,
Loughrey, O’Donoghue, and Verwerft (2010), in which matched income
and expenditure data were used to simulate a shift from social security
contributions of employees (decreased in EUROMOD by 25%) towards
VAT (where a rise of the standard VAT rate was simulated, necessary to
compensate fully for the loss of government revenue from the reduction in
social contribution). Table 8.1 illustrates how the welfare gain consists of
two parts. On the one hand, the welfare level increases due to the rise
of total non-durable expenditures, itself following from the increase in dis-
posable income out of increased labour income. But on the other hand,
rising prices also decrease the affordable quantities of goods for a given
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budget. The price rise therefore exerts a downward pressure on the welfare
gain. In Table 8.1 this is calculated according to Eq. (8.10). The first
component of the welfare cost is negative for all deciles, which is
explained by the fact that disposable income can only increase by the tax
reform and because savings are kept constant. The second component is
positive for all households, since the increase of the standard rate
increases the consumer price of the commodities subject to the standard
rate, for all households.

Table 8.1 indicates that the price effect dominates the change in expen-
ditures in the lower equivalised expenditure deciles, so that the welfare cost
of the reform is positive up to the fifth decile. For the higher deciles, the
situation is reversed and these groups become better off after the reform.

8.5. Summary and future directions

This chapter has discussed some of the main issues involved in construct-
ing micro-simulation models for the analysis of the effects of indirect
taxes. These issues include: what types of taxes and consumption to
model; what forms of behavioural response to allow for; how to measure
the welfare effects of tax changes; how to assess the distributional impact
of reforms; and the data requirements for the different types of model
that can be built. We have done this with a mix of description (i.e. saying
what choices are made in existing models) and prescription (i.e. where
there are good reasons for doing so, saying what are and what are not
good modelling choices).

Table 8.1. Decomposition of the welfare cost into income effect and price
change for decrease in social security contributions and compensatory

increase in standard VAT-rate (h’s per year)

Decile of equivalised

non-durable expenditures

Change non-durable

expenditures

Price effect Welfare cost

1 −43 193 150

2 −79 262 183

3 −159 308 149

4 −237 366 129

5 −389 417 28

6 −482 455 −26
7 −614 509 −105
8 −735 557 −178
9 −837 607 −230
10 −1,162 858 −305
Mean −473 453 −20

Source: Adapted from Decoster et al. (2010), Table 14. The table is expressed in terms of

‘welfare cost’. Hence a negative sign denotes a welfare gain, a positive sign a welfare cost.
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Although there are important choices to be made, and often tricky
issues to deal with due to data limitations, most existing models are, in
their essence, fairly simple, with behavioural response either absent
entirely or limited to effects on consumer demand only. This means many
interesting questions cannot be adequately addressed using most existing
models. But there are three areas in particular, where ‘cutting edge’
research is likely to be particularly beneficial in extending the types of
analysis that can be carried out with indirect tax micro-simulation models.
First, the integration of indirect tax micro-simulation models that incor-
porate consumer demand responses with models of labour supply and
direct taxes and benefits. Second, the estimation of partial equilibrium
models where pre-tax prices are not fixed, and where producers as well as
consumers can respond to tax changes. And third, the linking of micro-
simulation models with general equilibrium models to assess economy-
wide impact of reforms.

To start with the first, we illustrated in Section 8.4.2 how EUROMOD
keeps labour supply fixed. It is however possible to use EUROMOD as
an input for estimating a labour supply model (see among others,
e.g. Bargain et al., 2013). Assuming weak separability between labour sup-
ply and the allocation of disposable income to consumption goods and
services, the methods developed to extend EUROMOD with an indirect
tax model, as discussed in Section 8.4, remain valid. A more ambitious
approach would be to jointly estimate labour supply and consumer
demand behaviour, allowing for non-separabilities between labour supply
and consumption of particular goods and services. Such models allow for
differences in spending patterns due to differences in how much one works
(and not because of the income one gets from work), and conversely, for
differences in the relative prices of goods to affect how much one decides
to work. If such non-separabilities are present (i.e. if some goods, like
convenience food, are complementary to work, and others, like gardening
tools, are complementary to leisure), optimal tax rates on different
goods may vary (Atkinson & Stiglitz, 1972, 1976). Incorporating non-
separabilities in a linked labour supply-consumer demand model would
allow one to analyse how commodity tax rates should optimally vary
across commodities. And when integrated with a micro-simulation model,
one would be able to estimate the behavioural, revenue and welfare effects
of tax reforms without the strict (and probably unrealistic) assumption of
separability currently used.

A second broad avenue of research is the development of indirect tax
micro-simulation models that do not rely on the assumption of fixed pro-
ducer prices, and competitive product markets. These will allow for the
estimation of pass-through rates for indirect taxes, and the incorporation
of producer as well as consumer response to reforms. One such model is
currently in development at the IFS as part of a larger project on prices,
food and nutrition. Making use of very detailed data from the Kantar
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consumer expenditure panel, a structural model incorporating strategic
pricing behaviour by multi-product firms, product differentiation, consu-
mer preference heterogeneity, and consumer demand response to prices
and product characteristics has been developed and estimated. So far this
has been applied to examine the impact of excise and ad valorem taxes on
saturated fats on firm and consumer behaviour in the market for butter
and margarine (Griffith, Nesheim, & O’Connell, 2010), with work
ongoing to extend the model to a wider range of food stuffs.

Unfortunately the data used in this analysis is not widely available for
academic research, and estimating both supply and demand elasticities
from household expenditure survey data is likely to be infeasible (An
alternative approach may be to use external estimates of supply elastici-
ties). And models of this kind, although highly detailed, incorporate only
partial equilibrium effects. The third area where research and develop-
ment is particularly active is the linking of micro-simulation models with
general equilibrium (GE) macro-models. These allow the first round
effects of the reforms estimated in a micro-simulation model to affect the
whole economy via a GE model. These economy-wide changes in labour
supply, output and prices may then be re-incorporated into the micro-
simulation model. Chapter 9 of this book provides further detail on the
methods and issues involved in developing and using such Macro-Micro
models.

Finally, it is worth recognising that analysis could be improved by utilis-
ing panel data on households’ expenditures. Parker, Souleles, and Carroll
(2012) discusses the numerous benefits of panel data in consumer expendi-
ture surveys, including for the purposes of estimating the effects of tax pol-
icy. For instance, the use of panel data to assess the distributional effects
of a reform involving both direct and indirect taxes would help reduce the
problems associated with volatile expenditure and income discussed in
Section 8.3.3. Unfortunately, with the exception of the Consumer
Expenditure Survey and Panel Survey of Income Dynamics in the United
States, and the Spanish Encuesta de Presupuestos Familiares, household
expenditure data are based on single cross-sections of data. Encouraging
national statistical agencies to collect panel data on expenditures is therefore
important� and would have benefits for many other fields of economics.
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Technical appendix

In this appendix we provide further information on: (a) how to use expen-
ditures and retail prices to model excise duties, levied on quantities for
which often no information is available in the datasets used; (b) approxi-
mations to some welfare measures of indirect tax reforms, such as the
compensating and equivalent variation; (c) using the Cobb�Douglas
expenditure function that underlies the fixed expenditure shares approach;
(d) how to calculate the effect of a tax change on expenditure shares and
goods quantities using the Engel curve approach; (e) an example of using a
full QUAIDS demand system to assess the effects of a reform on welfare.

Using expenditures and retail prices to model excise duties

Assume t is the (ad valorem) VAT-rate (as a percentage of the producer
price, p), a is the excise expressed as monetary amount per unit of the
good purchased, and τ the ad valorem excise rate measured as a percen-
tage on the consumer price, q, (as e.g. in the case of Belgian special excise
duty on tobacco). Consumer and producer prices are measured in the
same unit as the excise a. Finally, let x be the quantity of the good bought
(expressed in the same measurement unit as the one in which the excise
duty is expressed). So, we have

pð1þ tÞ þ aþ τq= q: ð8:A:1Þ
If one knows q, t, a and τ, then the producer price, p, can be calculated as:

p=
qð1− τÞ− a

1þ t
; ð8:A:2Þ

and this in turn allows to calculate the total indirect tax rate as an ad
valorem rate of the consumer price:

θ=
tþ τþ a

q

1þ t
; ð8:A:3Þ

from which the amount of taxes paid, T(x), can be calculated on the basis
of expenditures ηx := q⋅x, as follows:

TðxÞ= θ ⋅ ηx: ð8:A:4Þ

Approximations to welfare measures of indirect tax reforms

In general, the difference between pre- and post-reform expenditures
necessary to obtain the pre-reform bundle, x0; that is:Xn

j= 1

xh0;jðq1;j − q0;jÞ; ð8:A:5Þ
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is a first-order approximation of the welfare cost for individual h of a tax
reform causing a change in consumer prices from q0 to q1 (Bourguignon &
Spadaro, 2006). Indeed, let the welfare from a given set of prices q
and income yh, be measured by the indirect utility function Vhðq; yhÞ (i.e.
the maximal utility a person h can obtain with income yh, at prices q).
Accordingly, the difference between pre- and post-reform welfare equals:

Vhðq1; yhÞ−Vhðq0; yhÞ: ð8:A:6Þ
Applying a first-order Taylor expansion around q0, to Vhðq1; yhÞ gives:

Vhðq1; yhÞ−Vhðq0; yhÞ ≈
∂Vhðq0; yhÞ

∂q0
ðq1 − q0Þ: ð8:A:7Þ

Using Roy’s identity i:e:−
∂Vhðq; yhÞ

∂q
=

∂Vhðq; yhÞ
∂yh

� �
⋅xh

� �
, this amounts

to:

Vhðq1; yhÞ−Vhðq0; yhÞ ≈
∂Vhðq0; yhÞ

∂yh

Xn
j= 1

xh0;jðq0;j − q1;jÞ; ð8:A:8Þ

which is converted into a welfare cost expressed in monetary terms by
dividing the last expression by − 1=ð∂Vhðq0; yhÞ=∂yhÞ.19 This gives indeed
Eq. (8.A.5).

In case producer prices are assumed to be fixed, Eq. (8.A.5) reduces to:

Xn
j= 1

xh0;jðt1;j − t0;jÞ; ð8:A:9Þ

that is, the difference between post- and pre-reform indirect taxes paid by
household h, assuming pre-reform quantities remain unaltered (or
Eq. (8.6) of the ‘fixed quantities’-assumption in Section 8.3).

An alternative measure is calculating the difference between post- and
pre-reform tax liabilities, using post-reform quantities:

Xn
j= 1

xh1;jðt1;j − t0;jÞ: ð8:A:10Þ

We will now establish a relation between Eqs. (8.A.9) and (8.A.10) on
the one hand, and two popular monetary measures of the welfare cost
of price changes (e.g. as a consequence of an indirect tax reform),
the compensating (CV) and equivalent variation (EV), on the other hand.

19 This division by the marginal utility of money is not an innocuous transformation when

one intends to use this measure for making interpersonal welfare comparisons.
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The CV is the monetary compensation a household or individual20 should
receive in the post-reform situation, in order to be as well off as in the
pre-reform situation. The EV is the amount of money the household
would have to forego in the baseline, in order to be indifferent between
the pre- and post-reform prices.

Formally, the compensating and equivalent variation are implicitly
defined as:

Vhðq1; yh þCVhÞ=Vhðq0; yhÞ and

Vhðq0; yh −EVhÞ=Vhðq1; yhÞ:
ð8:A:11Þ

The expenditure function, Eh(q, u), is the minimal amount of money a
household or individual needs in order to attain a welfare level u, when
commodity prices equal q. In this sense, it is a monetary measure of the
welfare level u, measured at reference prices q, also known as a money
metric utility. The expenditure function can be found by inverting the
indirect utility Vhðq; yhÞ around yh. Using this in Eq. (8.A.11) the following
explicit definitions of compensating and equivalent variation can be
derived:

CVh=Ehðq1;Vhðq0; yhÞÞ− yh

=Ehðq1;Vhðq0; yhÞÞ−Ehðq1;Vhðq1; yhÞÞ and

EVh= yh −Ehðq0;Vhðq1; yhÞÞ
=Ehðq0;Vhðq0; yhÞÞ−Ehðq0;Vhðq1; yhÞÞ;

ð8:A:12Þ

where, for the last step in each of these two equations, use has been made
of the fact that Ehðq;Vhðq; yÞÞ= y, for all q and y. That is, the minimal
expenditures at prices q to obtain the maximal welfare level one can
obtain with an income y, given prices q, is equal to that income y.

Thus the CVh, respectively EVh, amounts to the difference in the money
metric measures of the pre- and post-reform welfare, measured at refer-
ence prices q1, respectively q0. For a pure price reform, keeping disposable
incomes yh fixed, it holds that: Ehðq0;Vhðq0; yhÞÞ= yh =q00x

h
0 =q01x

h
1 =

yh =Ehðq1;Vhðq1; yhÞÞ. Using this in Eq. (8.A.12) gives:

CVh =Ehðq1;Vhðq0; yhÞÞ−q00xh0 and

EVh = q01xh1 −Ehðq0;Vhðq1; yhÞÞ:
ð8:A:13Þ

20 To make welfare comparisons between individuals living in households and singles, mone-

tary welfare measures as the ones discussed here that apply to households, are usually

divided by an equivalence scale. This scale is intended to reflect how much more than a sin-

gle with income y, a household should expend in order to be able to guarantee all house-

hold members the same welfare as that individual can obtain with that income. Generally,

this scale depends on the demographic composition of the household (number and age of

household members).
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In these equations, Ehðq1;Vhðq0; yhÞÞ and Ehðq0;Vhðq1; yhÞÞ are
unknown, but since Ehðq; uÞ is the minimal expenditure level in order to
reach the utility level u and xht guarantees a utility level Vhðqt; yhÞ, though
not necessarily at minimal expenditures when prices differ from qt
(t= 0; 1), it follows that:

q01 xh0 ≥Ehðq1;Vhðq0; yhÞÞ and

q00 xh1 ≥Ehðq0;Vhðq1; yhÞÞ:
ð8:A:14Þ

So, we can derive an upper (respectively lower) boundary for CVh

(respectively EVh) as follows:

CVh =Ehðq1;Vhðq0; yhÞÞ−q00xh0 ≤ ðq1 −q0Þ0xh0 and

EVh =q01xh1 −Ehðq0;Vhðq1; yhÞÞ≥ ðq1 − q0Þ0xh1:
ð8:A:15Þ

When producer prices, say p, are fixed, pre- and post-reform prices are
respectively equal to pþ t0 and pþ t1. In that case, Eq. (8.A.9) serves as
an upper bound for CVh, and Eq. (8.A.10) as lower bound for EVh.

Using the Cobb�Douglas indirect Utility Function and Expenditure
Function to Calculate Welfare Effects

Fixed expenditure shares are consistent with consumers having a parti-
cular kind of preferences that can be represented by a Cobb�Douglas
utility function. If households’ preferences are actually of this form, the
Cobb�Douglas expenditure and indirect utility functions can be used to
calculate exact monetary measures of the welfare effects of indirect tax
reforms.

To see this, note that the Cobb�Douglas utility function is:

vhðxhÞ= ∏
n

j= 1

ðxhj Þs
h
j ; ð8:A:16Þ

where shj is the share of good j in total expenditure for household h. In
log-form:

ln ðvhðxhÞÞ=
Xn
j= 1

shj ln ðxhj Þ: ð8:A:17Þ

Maximising this utility function subject to the budget constraint
(q0xh ≤ yh, see Eq. (8.2) in the main text), yields:

xh�j =
shj ⋅yh

qj
: ð8:A:18Þ
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Plugging these optimal quantities in Eq. (8.A.17) gives the indirect
utility associated with the direct utility function Eq. (8.A.17):

Vhðq; yhÞ=
Xn
j= 1

shj ln shj þ ln yh − ln qj

n o
: ð8:A:19Þ

Evaluating this equation at the initial set of tax rates (t0) (yielding the
consumer price vector q0), one can calculate the level of utility under the
initial tax system, say v� =Vhðq0; yhÞ: It is also possible to calculate utility
under the new price vector q1 when taxes change to t1, to obtain an esti-
mate of the effect of the reform on utility.

To express this utility effect in monetary terms, one can use the expen-
diture obtained from solving Eq. (8.A.19) for yh, yielding:

Eh q; uð Þ= exp uð Þ ∏
n

j= 1

qj

shj

 !shj

: ð8:A:20Þ

For instance, using the new prices q1 in this equation and combing
with the first line of Eq. (8.A.13), one obtains an exact expression for the
compensating variation:

CVh =Ehðq1; v�Þ− yh = yh ∏
n

j= 1

q1;j

q0;j

� �shj

− 1

 !
: ð8:A:21Þ

Engel Curves

Engel curves establish a relation between income and commodity
demands. These are abbreviated demand functions, keeping commodity
prices fixed. That is, they give the commodity bundles that maximise uti-
lity given the budget constraint, for a fixed set of prices, but allowing
household income to vary. As they are abbreviated demand functions, it
is worthwhile to keep in mind that the income concept affecting demand
is in fact a real income concept (income deflated by a price index), a fact
that usually does not pop up in empirical specifications of Engel curves
since these are applied in cases where consumer prices are fixed, and then
the difference between real and nominal income vanishes. But the real
character of the income concept is exploited when using these Engel
curves in indirect tax micro-simulation models, and it is therefore made
explicit in the following formal definition of these curves:

xh = f hðyh=PhðqÞ; zh; ɛhÞ; ð8:A:22Þ

where zh is a set of personal characteristics of h, ɛh is a set of n random
disturbance terms, and Ph(q) is a price index function. That is a function
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that is homogenous of degree one (Ph(λq)=λPh(q), for all λ≥ 0), satisfying

Phðq;…; q|fflfflffl{zfflfflffl}
n times

Þ= q, for all q≥ 0.

Normalising the baseline such that all consumer prices are equal to one,
one can estimate Engel curves on a cross-section without price variation,
which establishes a relation between (nominal) income at the period of
observation and demand. The baseline quantities according to this esti-
mated Engle curve, say x̂h0, are then equal to:

x̂h0 = f hðyh=Phðq0Þ; zh; ehÞ= f hðyh; zh; ehÞ; ð8:A:23Þ
where eh is an n-vector of real numbers, serving as a particular realisation
of the random terms ɛh. The last equality follows from the normalisation

of the base line consumer prices to one, and Phð1;…; 1|fflfflffl{zfflfflffl}
n times

Þ= 1.

To simulate the post-reform demand, an assumption has to be made
about the price index function (since it could not be estimated from a

cross-section with fixed prices). If we use a Divisia price index, PhðqÞ=
∏n

j= 1q
shj
j , where s

h
j is the budget share of expenditures on j by h, that is:

shj =
qjx

h
j

yh
;

then the post-reform demand can be estimated by:

x̂h1 = f hðyh=Ph q1
� �

; zh; ehÞ= f h yh
�

∏
n

j= 1

q
sh
1;j

1;j ; z
h; eh

 !
: ð8:A:24Þ

Post-reform shares are not known. A first-order Taylor expansion of
yh=∏n

j= 1q
sh
1;j

1;j around q0 can be used however:

yh

∏
n

j= 1

q
sh
1;j

1;j

≈
yh

∏
n

j= 1

q
sh
0;j

0;j

−
yh

∏
n

j= 1

q
sh
0;j

0;j

Xn
j= 1

sh0;j
q1;j − q0;j

q0;j

0
@

1
A

= yh 1−
Xn
j= 1

sh0;j d ln q0;j

 !
;

ð8:A:25Þ

where the last equality follows from the normalisation of the baseline

prices q0 to be all equal to one and hence ∏n
j= 1q

sh
0;j

0;j = 1.

Welfare Effects with the QUAIDS Demand System

The Quadratic Almost Ideal Demand System (QUAIDS) is a generalisa-
tion of the Almost Ideal Demand System (AIDS) model that allows for
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quadratic Engel curves. This demand system, developed in Banks et al.
(1997) can allow a good to be a luxury at one level of income and a neces-
sity at another, a property these authors find to be of empirical relevance.
The QUAIDS demand system is based on the following indirect utility
function:21

ln Vðq; yÞ= ln y− ln aðqÞ
bðqÞ

� 	− 1

þ λðqÞ
( )− 1

; ð8:A:26Þ

where y is total expenditure, aðqÞ; bðqÞ and λðqÞ are defined as:

ln aðqÞ= α0 þ
Xn
j= 1

αj ln ðqjÞ þ
1

2

Xn
j= 1

Xn
k= 1

γjk ln ðqjÞlnðqkÞ; ð8:A:27Þ

b qð Þ= ∏
n

i= 1

q
βi
i ; ð8:A:28Þ

λ qð Þ=
Xn
j= 1

λj ln ðqjÞ; ð8:A:29Þ

where j= 1,…, n indexes the goods. Applying Roy’s identity gives the fol-
lowing equation for si; the share of expenditure on good i in total expendi-
ture, for each household:

si = αi þ
Xn
j= 1

γij ln ðqjÞ þ βi ln
y

aðqÞ

� �
þ λi

bðqÞ ln
y

aðqÞ

� �� �2

: ð8:A:30Þ

Restrictions required for integrability can be imposed using linear
restrictions on the parameters of the model:
(adding-up)

Xn
j= 1

αj = 1;
Xn
j= 1

βi = 0;
Xn
j= 1

γjk = 0; ∀k;
Xn
j= 1

λj = 0;

(homogeneity)Xn
k= 1

γjk = 0; ∀ j;

(symmetry)

γjk = γkj; ∀j; k:

21 For simplicity of notation, we drop superscripts h referring to the household in this

section.
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The model allows for household demographics to affect demands in a
fully theoretically consistent manner. Demographics enter as taste-shifters
in the share equations, and to maintain integrability, they are considered
to affect the αj-terms in ln a qð Þ:

ln aðqÞ= α0 þ
Xn
j= 1

~αj þ
XM
m= 1

αjmzm

( )
ln ðqjÞ

þ 1

2

Xn
j= 1

Xn
k= 1

γjk ln ðqjÞ ln ðqkÞ;
ð8:A:31Þ

which gives us the following new adding-up conditions that supersedePn
j= 1 αj = 1:

Xn
j= 1

~αj = 1;
Xn
j= 1

αjm = 0; ∀m: ð8:A:32Þ

Once one has estimated a fully specified demand system, one can use
this to estimate the impact of price changes and tax changes on consumer
welfare using the associated expenditure functions. Using compensating
or equivalent variation as a welfare measure, the effect is:

CV ≡Eðq1; v�Þ−Eðq0; v�Þ=Eðq1; v�Þ− y and

EV ≡Ehðq1; v��Þ−Ehðq0; v��Þ= y−Ehðq0; v��Þ;
ð8:A:33Þ

where v�, respectively v��, is the value of the utility index in the baseline,
respectively in the post-reform situation, q0 is the initial price vector, q1 is
the new price vector and Eðqt; uÞ (t= 0, 1) is:

Eðqt; uÞ= aðqtÞexp bðqtÞ
1

ln u
− λðqtÞ

� 	− 1
 !

: ð8:A:34Þ

and where ln u can be calculated using the indirect utility function, for
u= v�, respectively, u= v��.
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