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Microsimulation and Policy Analysis
Non-technical summary

This paper is prepared as a chapter forthcominthenHandbook of Income Distribution,
Volume 2 (edited by A. B. Atkinson and F. Bourguwgn Elsevier-North Holland).

Microsimulation methods are increasingly used tmlgtthe effects of policies on the income
distribution contributing both to policy debatesdaacademic literature. In general terms,
microsimulation refers to modelling changes in #t@e or behaviour of micro-level units.
We provide an overview of approaches that addresstmpns related to the impact of tax-
benefit policies on household income distribution.

We first discuss how microsimulation modelling admites to the analysis of the income
distribution more broadly, pointing out that it canrich survey and administrative data by
checking its consistency, adding further detailsl @mhancing analytical flexibility. In
addition, it provides the basis for calculatingigadors that cannot otherwise be estimated
directly from micro-data such as measures of wademtives, net support for children and
automatic stabilisers embedded in tax-benefit syste

We then focus more specifically on the role of ms&mulation in policy evaluation. Tax-
benefit models can provide information on houseluidghosable income and its components
under various policy scenarios and as such cotestdéuunique tool for ex ante policy
analysis, though equally can be used for ex posiysis. We review the formal framework
underlying such microsimulation-based decompositioalysis of income distribution and
suggest a broader perspective to accommodate a wadge of applications. Our main
emphasis is on static modelling methods, thoughalse consider extensions accounting for
behavioural reactions and links with macroeconomaclels. As microsimulation models are
often concerned with current and future policies,discuss various approaches to predict the
income distribution given that data providing infation on the current situation becomes
available with a time lag, distinguishing betwe@wwnasting and forecasting.

We emphasise the role of comparative analysis @ssarountry differences in tax-benefit
systems and population structures provide a bas@ssess the robustness of results and
generalise conclusions. We provide empirical ilaisbns drawing mainly on analysis using
the EU-wide tax-benefit model EUROMOD. Covering @duntries and made generally
accessible this is now one of the most widely usedels.

There are many remaining challenges to providingnases of the effects of policy and
policy changes that can be used with confidenckimvjpolicy analysis and we consider three
major issues: reconciling the simulated incomeritistion and that measured using the
original micro-data; accounting for benefit nondalkp and tax non-compliance, as well as
validating and assessing the statistical religbditmicrosimulation estimates.

While our main focus is on the distribution of heheld disposable income and its
components at the national level, we also discygsoaches which extend the scope of
modelling in various dimensions. We review attentptebtain a broader measure of income
by including non-cash benefits and indirect taxeghlight the main modelling features of

dynamic (longitudinal) modelling to capture longreimpacts of policies; and consider the
use of microsimulation to explore the effects dig@es at sub- and supra-national level.

We conclude by summarising our view of the achieset® of microsimulation for policy
analysis to date and by exploring the outlook tdufe developments along two dimensions:
the need for data improvements and methodologeatldpments; and the need to consider
ways to organise development, maintenance and ateesicrosimulation models for policy
analysis purposes.
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1. Introduction and overview

1.1. What is microsimulation?

Microsimulation methods are increasingly used tal@ate the effects of policies on the
income distribution. Microsimulation is a term ugeddescribe a wide variety of modelling
techniques that all operate at the level of indiaidunits (such as persons, firms or vehicles)
to which a set of rules is applied to simulate desnin state or behaviour. These rules may
be deterministic or stochastic, with the resulingesin estimate of the outcomes of applying
these rules, possibly over many steps and takirgpuend of many interactions. These
estimates are also at the micro-level, allowindyamis of the distribution of the outcomes and

changes to them, as well as the calculation ofraleyant aggregate.

Microsimulation models in the social sciences wgigneered in the 1950s by Guy Orcutt
and his colleagues as a new approach to analystngnipact of social and economic policies
which took account of the characteristics and behavof the micro-level units under
investigation (Orcutt, 1957; Orcutt et al., 1968)icrosimulation is commonly applied to
many areas of public policy-relevance such as,efcample, transportation, the location
planning for public services and commercial develepts, and demand for health care and
long-term caré.The microsimulation approaches considered heretrarse that primarily
address questions related to the impact of taxflbgrmdicies on income distribution. Models
simulating the effects of social and fiscal polscen household income were first developed
in the 1980s when the essential inputs — micro-ttata household surveys and accessible

computing power — began to be made available.

! Adapted from the definiton provided by the Inwtional Microsimulation Association
(http://microsimulation.org/). Broadly speaking, andsimulation modelling could also cover agent-dase
simulation (ABS), though they have remained vestidct fields in the literature with microsimulationethods
drawing heavily on micro-data (Spielauer, 2011).

2 There are extensive literatures covering each. é&8ea for example Dowling et al. (2Q04Vaddell et al.
(2003 and Gupta and Harding (2007



These early tax-benefit microsimulation models weagthmetic, re-calculating the

components of household disposable income (uscaky benefits, direct taxes and social
contributions) for each household in a represergamnicro-dataset under different sets of
policy rules. They could answer “what if” questioabout the effects of specific policy

reforms on each household’s income and hence oovérall income distribution, and on the
aggregate public budget. Some early studies incAtllimson et al. (1983) and Betson et al.
(1982). They could also readily be used to caleulatlicators of work incentives on the
intensive margin (Atkinson and Sutherland, 1989uigaignon et al., 1993). Since then this
“static” modelling approach has not only prolife@tbut also been refined in a number of
directions with developments in data availabilitpethodology, speed and capacity of
accessible computing power and the demands magmliyy making and policy analysis

each playing a role.

Microsimulation models are often categorised aatitst, “dynamic” or “behavioural” (see
for example, Harding 1996a). The first type applpesely deterministic policy rules on
micro-data in combination with data adjustmentshsag re-weighting. The characteristics of
the micro units stay constant. Dynamic models, fwn dther hand, “age” the micro units
through time, changing their characteristics inpogse to natural processes and the
probabilities of relevant events and transitions dbd O’Donoghue, 2013). Behavioural
models use micro-econometric models of individuadfgrences to estimate the effects of
policy changes on behaviour, often in terms of labsupply. In practice the distinction
between modelling approaches is no longer necéssaiseful as much modern
microsimulation analysis combines elements of dgple, according to the question being
addressed. For example, labour supply models meqiie calculation of budget sets
(household income under alternative labour suppgnarios) for individuals and these are

usually generated by static tax-benefit models. aBefural reactions, as well as static



calculations, are relevant in dynamic micro-simolas. In seeking to simulate the effects of
policy changes in a variety of economic environragsb-called static models may borrow
elements of dynamic model methodology and in segtansimplify the dynamic modelling
process, the reverse can also be true (CaldwedQ)1®Dynamic models in practice mainly
address questions about the effects of policigstéka time to evolve such as pensions (e.g.
Borella and Coda Moscarola, 2010; Dekkers et &1,02 Flood, 2007) and long term care
reform (e.g. Hancock, 2000; Hancock et al., 20b8n focusing on the cost, gainers and
losers, as well as questions about intra-persadiktribution over the lifecycle (Harding,

1993).

Without tax-benefit microsimulation modelling, abéfore it was widespread, analysis of the
effects of taxes and benefits on household incoame calculation of work incentive
indicators, was limited to “model family” calculatis for stylised households, sometimes
referred to as “tax-benefit models”. These calcoret, still carried out by the OECD for the
purpose of making cross-country comparisons (OE@D12), although useful for
understanding the net effects of policies in patéic standardised cases, are not informative

about the impact on the income distribution.

The aim of this chapter is to provide an overvidwnicrosimulation approaches to explore
the effects of policy on the income distributiondahighlight some particular state-of-the-art
or innovative studies that have been carried ohe Main emphasis is on static modelling
methods, though we also consider extensions adogufdr behavioural reactions (section
3.3) and highlight the main modelling features phamic modelling (section 5.2), referring
to the existing reviews. We have not attempted mprehensive review of the models
themselves. Their proliferation would make suchsk ot only daunting, but quickly out-of-
date. There are already a number of reviews aniéotmns describing both models and

analysis using them, a selection of which we sunsedrelow.
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1.2. Microsimulation in the economic literature

There are several distinct motivations for usingni@rosimulation model to simulate the
impact of a given policy on the income distributidficrosimulation can be used to quantify
the role ofexisting policies on income inequality or poverty in a giveontext. More
importantly, it is a tool to aid the design of n@alicies with particular objectives and to
evaluate actual or proposeeformsin dimensions that were not taken into accounthi
original design. Moreover, it can also be usedhows how alternative approaches could
result in better outcomes in some respect. Fromaatipal policy perspective, one of the
main uses of microsimulation modelling for the desof policy by policymakers is to assess
the approximate budgetary cost of a new policy mjiNe objectives, e.g. the desire to reduce
the poverty gap or to increase work incentivespfanticular groups. Such analysis rarely sees

the light of day except in its final form: as a mkreform proposal.

Evidence from microsimulation modelling is also dise inform academic economic debates
about the impact of policy reforms and the optirdasign of policy (Blundell, 2012). In
general terms, a microsimulation approach allows mbsearch to conduct a “controlled
experiment” by changing the parameters of intevdste holding everything else constant
and avoiding endogeneity problems in identifying ttirect effects of the policy under
analysis (Bourguignon and Spadaro, 2006). The tissxebenefit microsimulation models to
calculate counterfactual states and scenarios pimgemuch micro-economic analysis of the
causal impact of fiscal policy reforms. A prime exde is the use of the Institute of Fiscal
Studies tax-benefit microsimulation model, TAXBEMNr fthe UK, to provide empirical
evidence for the arguments about tax design putdiat in the authoritative Mirrlees Review
(2010). Moreover, the counterfactuals shed lighttmn potential ingredients of optimal tax

analysis which cannot be derived in a quasi-expamntal setting. This is demonstrated by the



developments of the computational optimal income&tian theory, applied by Aaberge and

Colombino (2013) to Norway and Blundell and Shedafi 2) to the UK.

Microsimulation modelling is increasingly recogrdseas part of the policy evaluation
literature, where it is one of the key ingredienits careful, evidence-based evaluation of the
design of tax-benefit reforms. While this literaun general has been more focused on ex-
post analysis, Keane (2010) and Blundell (2012)ragnothers, have underlined the need to
consider both ex-ante and ex-post approaches dy st effects of policy changes. In this
context, tax-benefit microsimulation models careofhsights in two ways. First, they are the
unique tool to conduct ex-ante analysis througlsthmulation of the counterfactual scenarios
reflecting alternative policy regimes. Such coufatetuals are needed both for the “morning-
after” evaluation of tax-benefit reforms and formm@omplex structural models which reveal
individual behavioural changes based on simulatedgét constraints and an estimated
model of individual and family choices (see secti8r8). Second, by developing a
counterfactual scenario, tax-benefit microsimulatimodels enable the researcher to
disentangle ex-post what would have happened withogiven policy. Although ex-post
analysis is typically conducted by means of quapeemental approaches, based on
difference-in-difference, matching and selectiotinestors, the cross-fertilisation between
ex-ante and ex-post approaches has contributdgktmereasing credibility of analysis based
on detailed microsimulation models, making thenoee @art of the causal policy evaluation
literature. A prime example is the quasi-experirakmnalysis used to validate structural
models of labour supply which use microsimulatioodels to derive the budget sets faced by

individuals (see, among others, Blundell, 2006).

Furthermore, microsimulation features in the strahditerature that involves micro-macro
linkage, aiming to measure the effects of macraienuc changes (including macro-

economic policy) on the income distribution. Moreesifically, the linkage of
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microsimulation models to macro-economic modelsveadl one to consider the interactions of
macroeconomic policies or shocks with the tax-biésgétems (see section 3.4). Ignoring the
tax-benefit policy effects on income distributioancbe justifiable in some circumstances, for
example when analysing their impact in developiogntries because they may be very
limited in size and reform to social expendituresracro-economic shocks could be much
more relevant for re-distribution, but it is monm®plematic in the context of mature welfare

states (Bourguignon and Bussolo, 2013).

The literature on microsimulation has expanded moosly in the last twenty years along
with the spread and development of this methodoldgy attempt to cover all relevant
publications would be a daunting task and, theegfare aim to provide some of the most
important methodological references with relevéosirations in the rest of this chapter. For
further and broader material, we refer the readea humber of reviews and workshop and
conference volumes which provide good surveys, ladtlapplications of models and of
models themselves, and reflect well how the stétmtomodelling has evolved since the
beginning of the 1990s: Harding (1996b), Gupta &agur (2000), Mitton et al. (2000),
Gupta and Harding (2007), Harding and Gupta (20081kes and Sutherland (2009), Zaidi et
al. (2009), Dekkers et al. (2014), O'Donoghue (2G1or surveys of models themselves,
see Merz (1991), Sutherland (1995), Klevmarken 7199%upta and Kapur (2000),
O’Donoghue (2001), Zaidi and Rake (2001), Gupta Hadding (2007), Urzlta (2012), Li
and O’'Donoghue (2013). In addition, there are sseooks focusing on specific models, as
such providing excellent examples of opening tHack box’ often associated with complex
economic models. For example, Harding (1993) dessrihe details of her dynamic cohort
microsimulation model used to evaluate lifetimeoime distribution and redistribution for

Australia, Redmond et al. (1998) provide an extengiiscussion of inner workings of

3 For older conference volumes and reviews, semtitee references given in these collections.
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POLIMOD, a static tax-benefit model for the UK, aBdrgain (2007) offers a collection of
applications using EUROMOD, the EU tax-benefit mo#&earthermore, the microsimulation
community established the International Microsiniola Association (IMA) in 2005 and
since 2007 it has been possible to follow the tatksselopments in the field with the
International Journal of Microsimulation, a refedeenline journal published under the

auspices of the IMA.

1.3. Summary of chapter

The remainder of this chapter is structured a®Wbl Before getting into the ways in which
microsimulation can be used to understand the tsfigicpolicy changes, section 2 describes
how it can also be useful in improving the existinfprmation available for the analysis of
income distribution and re-distribution. Simulatedtimates of tax liability and benefit
entittement can be used alongside the values redard survey and administrative micro-
datasets, to understand and improve on the defieienn the latter (e.g. to impute gross
income from net if the former is not available oeasured satisfactorily in the source data).
Furthermore, indicators that cannot be collectedsumveys or through administrative
processes but are of value in understanding tregioakhips between policy and income
distribution, such as indicators of work incentivean be calculated using microsimulation

models.

Throughout the chapter we provide some empiritastilations drawing mainly on analysis
using the EU-wide tax-benefit model EUROMOD (Suldwed and Figari, 2013). Covering
27 countries and made generally accessible tmswsone of the most widely used models.

We have chosen to highlight EUROMOD at least pdrdgause it is generally available to

4 Seehttp://www.microsimulation.org/ijm/
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use, and readers can relatively easily reprodysgate and extend the examples of analysis

included in this chapter. More information aboutREDMOD is provided in Box 1.

The primary motivation for building a tax-benefiiarosimulation model is to be able to
analyse the effects of policy changes on incomeriligion. Section 3 starts with a
description of the basic process and explains &el ho carry out micro-level calculations in
order to capture the effects due to the compleaityax-benefit systems. However, in any
microsimulation analysis there are choices overctvliiimensions to focus on and which to
hold constant. Most studies do not set out thesciig choices in formal terms. Section 3.2
provides a formal framework applicable to most I@xefit microsimulation analysis. The
following four sub-sections focus on some of thganand commonly-applied extensions to
the basic approach. Section 3.3 discusses howithgil behavioural responses to policy
changes are estimated and focuses particularlalmoul supply responses. This is followed
in section 3.4 by a review of the ways changesnooine distribution can be linked to
macroeconomic processes. Section 3.5 covers thef msierosimulation, in conjunction with

macro-level statistics or forecasts, to providengsties of income distribution for periods
beyond those covered by the latest micro-data. ellpegjections might be for the current
situation (“nowcasting”) or sometime in the futferecasting). Finally, section 3.6 focuses
on the ways in which microsimulation can be useéhtorm cross-country comparisons of

the effects of policies.
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Box 1: EUROMOD - a tax-benefit microsimulation model

EUROMOD is the tax-benefit microsimulation model of the European Union. It simulates
individual and household tax liabilities and cash benefit entitlements according to the policy
rules in place, and reforms to them, in each member state. It has two main distinguishing
features. First, it covers many countries within the same framework enabling a wide range
of applications and comparability of results. Generally, EUROMOD is much more flexible
than national microsimulation models in order to ensure consistency of results and
transferability of tax-benefit system components across countries. Secondly, it is intended
to be openly accessible: use is not restricted to the owners of the model. These special
features justify our use of EUROMOD analysis to provide many of our empirical illustrations.
The calculations carried out by EUROMOD for any one country are in other respects quite
typical of all tax-benefit microsimulation models, at least for developed countries. The

description below is therefore generally applicable.

EUROMOD combines information on policy rules with detailed and nationally representative
micro-data on individual and household circumstances drawn from household income
surveys and other data sources. The rules for each policy instrument are applied
arithmetically to the characteristics of each individual, resulting in the amount of tax liability
or benefit entitlement. For example, in the case of the simplest universal child benefit, the
number of children within the eligible age range in the family is counted and the benefit
amount per child is multiplied by this number to give the family’s entitlement. Further
issues complicate the calculation: “child” and “family” need to be defined and the
interaction of the child benefit amount with the rest of the tax-benefit system needs to be
accounted for. This illustrative calculation is taken further in Appendix A by considering the
effects of a change in policy. The two alternative child benefit entitlements and resulting
measures of household disposable income can be compared.

The results of the calculations for each household are stored at the micro level and can be
analysed with any statistical software. At their simplest they may be weighted to population
level and the weighted change in income can be added up to provide an estimate of the
budgetary effect of the policy change, or it can be analysed in relation to any characteristics
provided in the data: for example to show the proportion of households gaining and losing
by income quantile, region or household type. The micro-outputs from alternative policy or
labour market scenarios can also be used as the basis for calculating indicators of work

incentives or for modeling changes in labour supply or other behavior.

EUROMOD aims to simulate as much as possible of the tax and benefit components of
household disposable income and generally, the following instruments are simulated:

income taxes, social insurance contributions, family benefits, housing benefits, social

12




assistance and other income-related benefits. Instruments which are not simulated are
taken directly from the data. These include most contributory benefits and pensions (due to
the lack of information on previous employment and contribution history) and disability
benefits (because of the need to know the nature and severity of the disability, which is also
not present in the data).

EUROMOD input data for most countries are derived from the European Union Statistics on
Income and Living Conditions (EU-SILC). In common with most sources of micro-data used as
input into microsimulation models, the EU-SILC was not designed for this purpose (Figari et
al., 2007). A significant amount of preparation of the data, including imputing necessary
information that is missing, needs to be done. For example, if gross income values are not
directly recorded during the data collection operations and are imputed in an unsatisfactory
way, a net-to-gross procedure is applied to the net income variables in order to derive the

gross values used in the policy simulation.

EUROMOD includes some simple adjustments for the non take-up of some benefits and
evasion of taxes in some countries. In common with other adjustments and assumptions
(e.g. the updating of non-simulated incomes to a more recent point in time than the data
income reference point) these can be changed or “switched off” by the user, depending on

the analysis being done.

Baseline systems in EUROMOD have been validated and tested at micro level (i.e. case-by-
case validation) and macro level. For each system simulated in EUROMOD Country Reports
are available on the EUROMOD web pages with background information on the tax-benefit
system(s), a detailed description of all tax-benefit components simulated, a general
overview of the input data and an extended summary of the validation process.

For more information about EUROMOD and its applications, see the official website

(https://www.iser.essex.ac.uk/euromod) and Sutherland and Figari (2013).
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Of course, there are many remaining challengesawaiging estimates of the effects of policy
and policy changes that can be used with confidevitten policy analysis, and Section 4
considers three major ones. First, section 4.1 iders the issues about reconciling the
simulated income distribution and that measuredgutiie original micro-data (from surveys
particularly, but also administrative sources). Aajon difference between the two
distributions can undermine confidence in microdatan results but has a number of inter-
related causes, some of which can point to problemsurvey data (e.g. income under-
reporting), and can be mitigated using informafimm simulations, and others which cannot
(e.g. small and unrepresentative samples of higbnre earners). Simulations can over-
estimate income if the non-take-up of benefitsasactcounted for and also distorted if there
is tax evasion. These issues, and how they magdmuated for in microsimulation models,
are discussed in section 4.2. Finally it is impotrtthat the reliability of microsimulation
estimates is possible to ascertain. This appligh boterms of how well point estimates
match up to information from other sources (“vdiida’) and the need for statistical
reliability indicators that can be applied to miraulation estimates. Section 4.3 considers

these issues.

While the main focus of this chapter is the conitidn to policy analysis of (direct) tax and
(cash) benefit microsimulation of household incoratthe national level at a given point in
time, section 5 considers a somewhat broader sdopspme dimensions. Section 5.1
discusses a broadening of the outcome income nmeedasunclude the effect of non-cash
benefits and, particularly, indirect taxes. Sectto@ reviews the main features of dynamic
microsimulation models, used in analysing the ltevgn redistributive effects of policies and
the incidence of tax-benefit systems over theilifetrather than cross-sectionally at a point

in time. Section 5.3 discusses the use of microgition to explore the effects of policies at a
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lower level than that of the nation (e.g. Spanisgions or US states) and at a higher level

(e.g. the European Union, or world regions suckcaghern Africa).

The final section concludes by first summarisingr oiew of the achievements of
microsimulation for policy analysis to date, andrthby exploring the outlook for the future
along two dimensions: the need for data improvemanit methodological developments;
and the need to consider ways to organise developnmeaintenance and access to

microsimulation models for policy analysis purposes

2. What does microsimulation add to analysis of theincome distribution

and re-distribution?

2.1. Enriching existing micro-data

While the most obvious application of the microsiation method is assessing the effects of
tax-benefit policychangeson income distribution, it can be also useful &ralysing the
existing income distribution and redistribution.@uared to research on income distribution
utilising only survey or administrative data didg¢cffiscal microsimulation can complement
and improve such analysis by (i) adding furtheoinfation, (ii) checking the consistency of

the collected data, and (iii) allowing for greaflexibility with respect to the unit of analysis.

2.1.1. Adding information

Simulations allow data to be generated which mayliffecult or too expensive to collect
directly or accurately from individuals. A commoseuof microsimulation in the processing
of income survey data is deriving gross incomesiftbe net values that are collected, or vice
versa. Compared to other methods such as staltistipatation, this takes into account the
full details of the tax-benefit rules that are aggible for a given individual or household.

Hence it provides more accurate results, but msy r@quire more effort to develop and keep
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up-to-date. Specific microsimulation routines afeer built for this purpose. Among others
see Betti et al. (2011) on the Siena MicrosimutatModel which is used for conversions
between net and gross income variables for sewetaitries in the European Union Statistics
on Income and Living Conditions (EU-SILC) surveydarenkins (2011) on the derivations of

net income variables for the British Household P&uwevey (BHPS).

Such gross-to-net conversion routines naturallyovolthe logic of full-scale tax-benefit
models, though may still have notable differenées. example, tax-benefit models typically
deal with the final tax liability (i.e. aiming taceount for all tax concessions and considering
the total taxable income) while taxes withheld @edfic income sources are often more
relevant for gross/net adjustments in a survey. ri@ifto-gross conversions, there are two
microsimulation-related approaches. One is to applgrted statutory tax rules and the other
to use gross-to-net routines in an iterative pracedo search for the corresponding gross
value for a given net income, as suggested in Imalleand O’Donoghue (2001). The first
approach can be more straightforward if tax rules w@elatively simple and analytical
inversion is feasible, while the second approatdwel the use of already existing tax-benefit
models. The latter approach has also been usdwiSiena model and related applications,

e.g. Rodrigues (2007).

If a tax-benefit model is applied to income dataichhcontain imputed gross values, it is
important to ensure that the net-to-gross conversaonsistent with the tax-benefit model
calculations as otherwise simulated net incomes$ mat match the observed values. This
source of bias is easy to overlook and consistenitgn difficult to establish as the

documentation of net-to-gross derivations carriatl iy survey data providers often lacks

sufficient details for tax-benefit modelling puress
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Microsimulation methods can be also used to obtene detailed tax information compared
to what is usually available in the surveys (if atyall). For example, the Current Population
Survey (CPS), one of the main household surveythéenUS, provides such information
through the Annual Social and Economic Supplem&8EC) which includes simulated
direct taxes and imputed employer’s contributioos Health insurance (Cleveland, 2005).
Alternatively, surveys could be combined with det@itax information from administrative
records, though in practice this is still underdeped due to limitations on access to
administrative records. Furthermore, microsimulatimodels can extend the scope of income
information by simulating employer social insuramoatributions and indirect taxes which
are usually not captured in income (and expenditsuveveys, even though their economic
incidence is typically considered to be borne iduals (Fullerton and Metcalf, 2002) and

hence relevant for welfare analysis.

Although benefit information tends to be more dethiin income surveys, there are
applications where microsimulation methods can ptibvide further insights. Specifically,

microsimulation allows the assessment of the irddndffect of transfers (by calculating
benefit eligibility) and contrast it with reporteaditcome (i.e. observed benefit receipt), which
is influenced by individual compliance behaviouregsmore in section 4.2) and the

effectiveness of benefit administrations, amongofactors.

Overall, it is of course possible to carry out sl of the redistributive effect of taxes and
benefits only using survey information directly.rFexample, Mahler and Jesuit (2006) and
Wang et al. (2012) use household survey data flem_tixembourg Income Study (LIS) to

analyse redistributive effects in the OECD coustaed Fuest et al. (2010) and Atta-Darkua
and Barnard (2010) use the SILC data for EU coesittHowever, microsimulation methods
can often add to the scope and detail of the aisalggy. Immervoll et al. (2006a), Paulus et

al. (2009), Jara and Tumino (2013) use tax andfliedea simulated with EUROMOD for
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EU countries, and Kim and Lambert (2009) analyskstabution in the US on the basis of
the CPS/ASEC. Wagstaff et al. (1999) specificalhalgse the progressivity of personal
income taxes in the OECD countries using also figedata, while Verbist and Figari (2014)
carry out similar analysis for EU countries relying EUROMOD simulations, allowing

them to extend the analysis with social insuranmetrdoutions as well. Piketty and Saez
(2007) use the TAXSIMmodel to compute US federal individual income ta&ad analyse

their progressivity. Furthermore, Verbist (2007) ppmys EUROMOD to consider the

distribution and redistributive effects of replacaincomes taking into account interactions
with taxes and social contributions, and Hungerf(2810) uses simulations to examine
certain federal tax provisions and transfer programthe US. Decoster and Van Camp
(2001), O’'Donoghue et al. (2004) and Decoster et(2010) are examples of studies

simulating and analysing the effects of indiregetwacross the distribution of income.

Microsimulation can help to detect inconsisten@ed potential measurement errors in the
existing data. An obvious example is cross-checkihgther gross and net income values (if
both are reported) correspond to each other (s#®ie.1.1). As benefit income tends to be
underreported in survey data (Lynn et al., 2012yddest al. 2009), use of simulated benefits
has the potential to improve the accuracy of incomf@ermation (see more in section 4.1).

However, it needs to be born in mind that the dquaif input data is also critical for the

simulated results themselves and there could ber attasons for discrepancies between

observed and simulated income apart from undertiegoisee Figari et al., 2012a).

® TAXSIM is the NBER microsimulation model that calaes US federal and states income taxes
(http://lwww.nber.org/taxsim/). It covers the fedeex system from 1960 and the state systems frén7 ip to

the current year. Model calculations are done nTtAXSIM server on the basis of survey data prodidg the
users in the required format containing differemirses of income, deductions and personal charstitsrused

to calculate tax liabilities. The program, writtenFORTRAN, reads the input data sent by the userugh a
web application, calculates tax liabilities anddsahe results on the user’s computer. Recentcgijgns are
based on the March Current Population Survey, teey of Consumer Finance, the Consumer Expenditure
Survey and the Panel Study of Income Dynamics, afitirary of scripts used to derive the input diatan
different sources is made available by previoussustee Feenberg and Coutts (1993) for more infitoma
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2.1.2. The unit of analysis

Microsimulation can also offer some flexibility ithe choice of unit of analysis. In any
analysis of distribution, the unit of measurementan important issue. Income is often
measured at the household level, aggregating alices across all individuals. Income
surveys may not facilitate analysis at a lower l€gey. aggregating within the narrow family
or the fiscal unit) because some or all incomealdes are provided only at the household
level. This is the case, for example, for the midata provided by Eurostat from the
European Statistics on Income and Living Conditi{iag-SILC). However, considering the
effect of policy on the incomes of sub-units witlmouseholds may be relevant in a number
of ways. The assumption of complete within-housetsblaring of resources deserves to be
guestioned, and its implications made clear. Fangle, assessments of poverty risk among
pension recipients might look quite different ifwtere not assumed that they shared this
income with co-resident younger generations, antk wersa. Furthermore, it may be
particularly relevant to consider the effects ofliggoin terms of the particular unit of
assessment, rather than the household as a whmleniwin income schemes use a variety of
units over which to assess income and eligibilitg hese are often narrower than the survey
household. A flexible microsimulation model is albte operate using a range of units of
analysis as well as units of assessment and adggnegsince they are able to assign income
components, or shares of them, to the relevanpieati units within the household. Examples
of microsimulation studies that consider units oflgsis apart from the household are
Decoster and Van Camp (2000) in relation to taxderce at the household or fiscal unit
level, Figari et al. (2011a) who analyse incomehimitcouples, and Bennett and Sutherland
(2011) who consider the implications of means-bgst@t family-unit level for receipt of

benefit income by individuals.
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2.2. Microsimulation-based indicators

The microsimulation method is also used to constradous indicators to measure the extent
to which household disposable income reacts togdgsmim gross earnings or individual or
household characteristics through interactions i tax-benefit system. The two main
groups of such indicators reflect individual wonkcéntives and automatic adjustment
mechanisms built into fiscal systems. This subeacgives an overview of these indicators

and provides some examples, while a more formalgmtation can be found in section 3.2.

2.2.1. Indicators of work incentives

Marginal effective tax rates and participation tates are indicators of work incentives for
the intensive (i.e. work effort) and the extendadgour supply margin (i.e. decision to work),
respectively. Marginal effective tax rates (METR3flect the financial incentive for a
working person to increase his work contributionrginaally either through longer hours or
higher productivity (increasing the hourly wageejairhey show the proportion of additional
earnings which is taxed away, taking into accowtitanly the personal income tax but also
social contributions as well as interactions wignéfits, e.g. withdrawal of means-tested
benefits as private income increases. As such, MEm&icate more accurately the actual tax
burden on additional income compared to statutoaygmal income tax rates. Given that
taxes and benefits form a complex non-linear systéns usually not feasible to obtain
METRs in the form of analytical derivatives of tlwerall tax-benefit function. Instead,
METRs are estimated empirically by incrementingsgrearnings of an employed person by
a small margin (e.g. 1% to 5%) and re-calculatirspassable income, see Immervoll (2004),
Adam et al. (2006b), Jara and Tumino (2013). Figupgovides an example from the last of

these showing the extent to which average METRsthanl distributions vary across the
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European Uniofi.The scope of these calculations is usually limtedirect taxes and (cash)

benefits and current work incentives, though thare also extensions accounting for
consumption taxes and taking a life-cycle labouppby perspective, see Kotlikoff and

Rapson (2007). Graphically, METRs can be illusttateth a budget constraint chart which

plots net income against gross earnings (or hoorked), see e.g. Adam et al. (2006b) and
Morawski and Myck (2010), as the slope of this lic@mresponds té — METR, i.e. the

proportion of additional gross earnings retainedhgyindividual.

Figure 1. Marginal effectivetax ratesacrossthe EU, 2007 (%)
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Participation tax rates (PTR) are conceptually \&nyilar, indicating the effective tax rate on

the extensive margin, i.e. the proportion of eagsipaid as taxes and lost due to benefit

®In Figure 1 and elsewhere we use the official tguacronyms for the EU countries. These are (usfimeg

official country ordering): Belgium (BE), Bulgar{®G), Czech Republic (CZ), Denmark (DK), GermanyjD

Estonia (EE), Ireland (IE), Greece (EL), Spain (EBj)ance (FR), ltaly (IT), Cyprus (CY), Latvia (LV)
Lithuania (LT), Luxembourg (LU), Hungary (HU), Mal{MT), Netherlands (NL), Austria (AT), Poland (RL)
Portugal (PT), Romania (RO), Slovenia (Sl), Sloaal8K), Finland (FI), Sweden (SE), United Kingdddk{.
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withdrawal if a person moves from inactivity or am@oyment to work. METRs and PTRs
are typically between 0% and 100%, with highergateplying weaker incentives to work
(more). Because of non-linearities and complexradigons in the tax-benefit systems,
however, individuals facing greater than 100% (egative) tax rates may be also found.
These often expose unintended effects built int® tdx-benefit system. More generally,
relatively high values indicate situations whicm @@nstrain labour supply and trap people at
certain income/employment levels. Marginal effeetiax rates and participation tax rates are
hence useful indicators to assess whether thedagfih system may limit employment for
certain individuals. These are also central pararaeih assessing optimal tax design, see
Immervoll et al. (2007) and Brewer et al. (2010) fempirical applications. Figure 1
illustrates how in many countries there is a comsillle spread in the value of the METRs
even before considering the extremes of the digidhs. This demonstrates how an analysis
using work incentive indicators based on calculsifor average or representative cases may

be quite misleading.

Replacement rates (RR) complement participatiorrdtes, showing the level of out-of-work
income relative to in-work disposable income, sge Enmervoll and O’Donoghue (2004).
High replacement rates also reflect low finanaiakeintives to become (or remain) employed.
Compared to METRs and PTRs, negative values are meoee exceptional (though not ruled
out altogether). RRs are often calculated separédelshort-term and long-term unemployed
to reflect differences in the level of unemployméeinefits depending on unemployment
duration. As work incentive indicators, PTRs andsR&e calculated for non-working
persons for whom potential employment income isaligerved and, hence, the latter must

be either predicted or assunted.

" For example, OECD calculates these indicatorsnaisguvarious income levels in the range of 33-15006
average (gross) production worker (APW) salary,esgeCarone et al. (2004).
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Although PTRs and RRs both describe work incentoseshe extensive margin they have a
different focus and characteristics (Adam et &Q6Ga). For instance, if taxes and benefits are
changed so that net income increases by the samenaror the out-of-work and in-work
situation (e.g. corresponding to a lump-sum trafsfinen the replacement rate would
increase while the participation rate would remanchanged. This is because the tax burden
on additional income does not change while, intinedaterms, working becomes less
attractive. On the other hand, RRs remain constamiit-of-work and in-work net income

increase by the same proportion (but for PTRsighi®t the case).

While these three indicators are used to measurk imoentives for a particular individual
by changingindividual gross earnings (and labour market status), thectetin disposable
income is assessed at theuseholdevel as this is usually considered to be the melevant

unit of assessment for benefits and unit of agdiegavhen measuring living standartis.
Each measure can be also decomposed to show #ut efffspecific tax-benefit instruments,

for example, income taxes, social insurance caminbs and benefits.

2.2.2. Indicators of automatic adjustments

Another closely related group of indicators chardase how tax-benefit systems act as
automatic stabilizers to income or unemploymentkhpi.e. the extent to which (aggregate)
household income or tax revenue fluctuations arelerated without direct government
action. These focus on exogenous shocks ratheritfthvidual incentives to alter labour
supply. Apart from this, calculations are techrica&kery similar to the previous group, with

the main differences to do with the interpretation.

8 In principle other units of aggregation within theusehold could be specified.

° One technical nuance concerns the treatment di-peiison households. While work incentives ardcsity
estimated for each household member separatelgingotéarnings of other household members constattie
case of automatic stabilizers changes are simufateall of the relevant population at once.
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Such estimates based on micro-data go back at feaBechman (1973) who simulated
income tax revenues in the US for 1954-1971 andveddhow much tax liabilities change
compared to changes in income (at the aggregadd) leharacterised as built-in flexibility.
While this is very similar to marginal effectivextaates, the interpretation is different and
focussed on the macro-level and government reveidee rather than at the individual. A
closely related measure captures the elasticityanfliability with respect to changes in
incomes, i.e. percentage increase in taxes foreapamcent change in income, though as
Auerbach and Feenberg (2000) point out, this maeliects the progressivity of taxes as it

does not capture whether the tax burden is higbver

More recently, Auerbach and Feenberg (2000) estirtiteg aggregate change in taxes when
increasing all (taxable) income (and deductions)efach individual by 1% to measure the
responsiveness of tax revenues to income changdisefdJS. They find that over the period

1962-1995 income taxes offset between 18% and 28%ar@tion in before-tax income (at

the aggregate level). Similarly, Mabbett and SobelR007) simulate a 10% increase in
individual earnings for 14 EU countries and estenadth the responsiveness (i.e. elasticity)
of various tax-benefit instruments and the ovestlbilization effect of the system. The latter

varies according to their estimates from 31% inispa57% in Denmark.

Dolls et al. (2012) model megativeincome shock where household gross incomes fedlby
and an unemployment shock (with household incontbeataggregate level decreasing also
by 5%), covering both the US and a large numbén@EU countries. While the proportional
income shock is distribution-neutral, the unempleyinshock is asymmetric as not all
households are affected. They find that tax-berssfsttems absorb a greater proportion of
income variation in the EU compared to the US peetvely, 38% vs. 32% of the income
shock and 47% and 34% of the unemployment shoekKgpire 2), largely explained by the

higher coverage and generosity of unemploymentflieme Europe. Automatic stabilisers in
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the case of an unemployment shock are basicalllacement rates for a transition from
employment to non-work at the aggregate level. &atan work incentives (as discussed in
the previous section), they reflect how much theltanefit system absorbs (market) income

losses due to becoming unemployed or exiting thedamarket altogether.

Figure 2. Share of income compensated by the tax benefit system in case of an

unemployment shock
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joined the Euro-area later and is here excludedrfrinat group. Source: Dolls et al. (2012) using EDNROD

and TAXSIM.

Instead of focussing on aggregate stabilizatiomp&edez Salgado et al. (2014) analyse the
distribution of replacement rates when simulatihg tunemployment shock in six EU
countries due to the Great Recession. They digshgbetween short- and long-term
unemployment and their findings confirm higher emg@ment rates in the short term and

point to serious challenges for minimum income sub® to cope with the consequences of
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this crisis in the longer term. They also highlighe important role of incomes of other

household members in boosting replacement rates.

2.2.3. Indicators of household composition effects

Another type of indicator based on microsimulaticaptures the effect of changes in
household socio-demographic characteristics inrotmledentify the marginal effect of the
tax-benefit system due to particular household igonftions. For example, Figari et al.
(2011b) apply this approach to calculate “child toogent” incomes estimated as the change
in household disposable income for families witlidrlen as if they did not have children.
They argue that ‘child-contingent’ incomes, captgrnot only transfers net of taxes but also
tax concessions, account more precisely for tHeriet support provided through tax-benefit
systems to families with children, compared to odersng simply (gross) benefit payments
labelled explicitly for children or families, as tgpically the case using the information
available directly in the survey data. As showrrigure 3 the net value can be greater than
the gross if there are tax concessions or childplsapents in benefits labelled for other
purposes, and the gross value can be greater #taifi the benefits are taxed or reduced

because of other interactions.
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Figure 3. Total net child-contingent payments vs gross family/parental benefits per

child as a percentage of per capita disposable income
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3. Theeffects of policy changes on the income distribution

3.1. A basic example

The simplest use of a tax-benefit microsimulatioodel involves calculating the effects of a
policy change on household income, without changaing of the characteristics of the
household members. A simple example might be arease in the amount of an existing
universal child benefit. The model would take actaf the increase in payment per eligible
child, any clawback through the system of meanwdebenefits (if the child benefit is

included in the income assessment for these behedity clawback if the benefit is taxed or
included in the base for contributions and any otk&evant interaction with the rest of the
tax-benefit system. Even a simple reform involvagegcomplicated arithmetic and ignoring

the interactions would give misleading results.sTt illustrated in Appendix A with a
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concrete example, comparing the effects of douhiihegUK child benefit at two points in

time: 2001 and 2013. While the structure of chigahé&fit itself has remained the same, the net
effect of changes to it is quite different becaokehanges to the interactions with the rest of
the tax-benefit system. The interactions matterragetl to be accounted for in understanding

the effects of policy changes and in designinggyaleforms.

The financing of such a reform would also needdansidered. For example, if the net cost
were met by a percentage point increase in alsratencome tax, this increase might also
have knock-on effects (e.g. if the assessment pihagans-tested benefits depended on after
tax income) and then iterations of the model woodd needed to find a revenue-neutral
solution to the tax rate increase. The “revenuetraBupackage could then be evaluated
relative to the pre-reform situation, in terms f effect on the income distribution and an

analysis of gainers and losers.

Of course, in the new situation some people afteetdl wish to change their behaviour in
response to the change, in some way and at some ipolime. One might expect labour
supply and fertility to be affected and, dependorgthe specifics of the system and the
change in it, so might other dimensions of behavidis Bourguignon and Spadaro (2006)
point out, it is important to be clear about whieese second order effects can, and cannot, be

neglected. We return to this issue in section 8l8w.

In any case, it is clear that an “overnight” or ‘imimg after” analysis, as the pure arithmetic
effect is often called, is of value in its own rigls the immediate effect might be relevant to
a particular research question. Moreover, the nrachaof the way in which policy reforms
impact on incomes are relevant for improving desigd it will often be important to identify

how much of the overall effect on income can behaited to the direct effect.
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3.2. Formal framework
3.2.1. Decomposing static policy effects

Tax-benefit models provide information on the dmittion of household disposable income
and its components under various policy scenaatisying the effects of policies to be
inferred from a comparison of different scenaridss such, the application of the
microsimulation method starts from defining an appiate baseline and a counterfactual
scenario. The latter corresponds to the st policy changes (i.e. how the world would
look after implementing new policies) in forwardslong analysis or the stateeforepolicy
changes (i.e. how the world would have looked withwew policies or what would happen if

policy changes where rolled back) in the case okWward-looking analysis.

Drawing on Bargain and Callan (2010) and Bargafiga), we provide a formal framework
for decomposing changes in household income toratpéhe effects of policy chang¥s.
Mathematical formulation helps to avoid ambiguit&sout how exactly a counterfactual
scenario is defined, which often arise in empiritaétrosimulation applications relying only
on textual descriptions. Furthermore, full deconigas (rather than focusing only on the
role of policy changes) has clear advantages byidga attention to the fact that the
(marginal) contribution of a given component islaaged conditional on the values of other
components and, hence, the overall change in inaanebe decomposed in multiple ways.
Decomposing all components (at once) also helpgnsure that these are consistently
derived. Apart from small technical modificatiolsye follow closely Bargain and Callan’s
original approach but broaden its scope by showhatja wider range of applications can be

interpreted within the same framework.

There is a notable strand in the economic liteeafacusing on the decomposition of income distiins,

reviewed recently in Fortin et al. (2011). This,wawer, is primarily concerned with wage distributo
ignoring the role of tax-benefit policies.

' We carry out decomposition in steps starting ftbmpolicy effects — our key interest - and ottfégas, then
introducing further splits. Such nesting helps tiswre consistency between the various componedta@oss
different combinations. We also distinguish socgrabgraphic characteristics) from original incomesx).
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Let us denote household socio-demographic (andufabmarket) characteristics with (a
vector) ¢ and household original incortfe(i.e. income before adding cash benefits and
deducting direct taxes) with The net transfer via the tax-benefit systeifne. total cash
benefit entitlement less total direct tax liabijitior a household with characteristiceind
incomex is denoted as a functiga(c, x, m;), where, following Bargain and Callan (2010),
we distinguish between the structure of the taxebersystemf, and various monetary
parametersn,, it takes as arguments (e.g. tax brackets, beaefibunts).f; (c, x, m;) is
positive if public pensions and cash benefits resgtiby a given household exceed direct
taxes for which the household is liable, and negaif the opposite holds. Household

disposable income is then

yr(c,x,my) = x + fi (¢, x, my) (1)

In the simplest case, where original income andhbald characteristics (can be assumed to)

remain constant, the effect of policy changés+«( B) on disposable income is

Ay = yp(c,x,mp) — ya(c,x,my) (2)

This corresponds to how the effects of proposedygrothetical tax-benefit reforms are

studied typically, i.e. ‘morning-after’ changestkvthe policy rules before and after referring
(implicitly) to the same time period. There are rmuous examples of such exercises, e.g.
Callan and Sutherland (1997), Matsaganis et aDgPMatsaganis and Flevotomou (2008),

Paulus and Peichl (2009), Figari (2010).

Next, let us consider the case of analysing thecefif policy changes over time. Accounting
explicitly for the time span over which policy cligs are considered introduces additional
complexities for defining an alternative scenattas important to ensure that the baseline

and the counterfactual refer to the same time geaind if there is a time gap between the

2 This includes market incomes from employment,-seiployment, property and investments and other non
public income sources such as private pensiondrandfers between households. It is also knowrpas-tax
and pre-transfer income” in the literature.
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existing policies and the counterfactual then onthe other must be adjusted to reflect that.
For example, when analysing the effect of policarale int + 1 it may not be sufficient to
assume that the alternative would have been sipglipdt policies continuing (in nominal
terms) in period + 1, even though this is often implicitly done. Oneusld consider how
existing policies in nominal termsould have evolved otherwise, given the legal rules or
usual practice of indexation of policy parametershouldhave evolved. The importance of
the time factor becomes even more obvious whenidemsg policy changes over a longer
period. We will return later to the question of whs an appropriate basis for indexing
monetary parameters in the counterfactual scenahde for now we simply denote such a

factor asp.

First, the total change in disposable income fajiven household can be decomposed to
show first order policy effects (or mechanical et conditional on household

characteristics and original incomes in the endepeB (denoting the start-period with):

Ay = yg(cg xg,mp) — yalca, X4, Ma) (total change)
= yg(cp, xg, mp) — ya(cp, xp, pmy) (policy effect) 3
_ 3)
+  yaleg, xg, pma) — Yalca, x4, ma) (other effect)
= Ayp +Ay?

Here we are implicitly assuming that we are dealinth panel data, where characteristics
and original income for the same household arergbden several periods. The total change
for the same household cannot be observed withipteullvaves of cross-sectional datasets,
however, as explained further below, the same dposition approach can be also applied at
the group-level (e.g. the bottom decile group)ostatistics summarising the whole income
distribution (such as various inequality indicelshportantly, household characteristics are

only required at a single point in time to calcealdte policy effect (in absolute terms).
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Noting the symmetry of the decomposition, the otféect can be decomposed further into
two sub-components separating the impact of changlousehold characteristics and
nominal levels. The effect due to changes in charistics can be measured either in end-
period income levels:

Ay? = yu(cg x5, pmy) — Va(Ca, DX 4, DY) (change in characteristics)
+  yalca, pxa, pmy) — ya(cy, x4, my) (change in nominal levels)

(4)

or start-period incomes

Ay? = y,(cg xg,pma) — V(g p txg, my) (change in nominal levels)
+  yu(cg,p txg, my) — ya(ca, x4, my) (change in characteristics)

®)

The term capturing the effect of ‘change in nomitalels’ measures how household
disposable income is affected if original incomeal ail money-metric policy parameters
change in the same proportion. As Bargain and @alR010) pointed out, tax-benefit

systems are typically homogenous of degree onenimgahat in such a case household

disposable income would also change by the santerfac

py(c,x,m) = y(c, px,pm) (6)

They illustrate this with a hypothetical exampl&alving a basic income and a flat tax and

find empirical support for Ireland and Frarice.

In principle, the term reflecting the impact of algas in characteristics could be split further
distinguishing between changes in socio-demografdnd labour market) characteristics
and movements in original incomeas Again, there would be two possible combinations
which can be obtained by introducing a new terng. eeither y,(cg, px4, pmy) oOr

ya(ca, x5, pm,) With equation 4.

13 Bargain and Callan (2010) refer to the personzdiine tax in Germany as one of the few examplesvfich
this property does not hold, due to its unique gaticfunctional form.
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Secondly, the change in disposable income can bentg@sed to assess policy effects
conditional on household characteristics and oailgimcomes in the start-periéd
Ay = yp(cp xp,mp) — yp(ca X4, 0~ "mp) (other effect)

+  yp(ca xa, 0 mp) — yalca, x4, my) (policy effect) (7)
= Ayfi +Ayr

The other effect can be now decomposed again dumhthe effects due to changes in
characteristics are measured in end-period incomes:

Ay9 = yg(cg xg, mp) — yg(Ca, pXa, mp) (change in characteristics)
+  yg(ca, x4, mp) — yg(ca, x4, 0" tmp) (change in nominal levels)

(8)

or start-period incomes

Ayl = yg(cg xg,my) —yg(cg,p  xg,p~tmg)  (change in nominal Ievels)(g)
+ yglcg, ptxg, p tmp) — yg(ca, x4, p " mp) (change in characteristics)

Altogether there are four ways to decompose theativehange in income, given the initial

split into the (direct) policy effect and the otledfect.

Until now, we have focused on a single househobaigh it is straightforward to derive the
aggregate change in disposable income by summimmgpma differences (and its

subcomponents) across all households:

AY = ZiAyi (10)
Decomposition can be also applied to any distrdn#i statistid) calculated for a specific
sub-group, e.g. average income among householtiselderly, or summarising the whole
income distribution(y), e.g. the Gini coefficient or the head-count pbwematio. For

example, equation 3 would then become (indicategars in bold):

AD(y) = D[yg(cp,xp mg)] — D[ys(ca, x4, My)] (total change)
= D[yg(cp,xp, mp)] — D[ys(cp, xg,pm,)] (policy effect)  (11)
+ D[ys(cg xg,pmy)] — D[ys(caq, x4, my)] (other effect)
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In the case of scale-invariant distributional measu(see Cowell, 2000) and linearly
homogenous tax-benefit systems, the decompositiootter effects (equations 4-5, 8-9)
simplifies because the effect of a change in nohewels becomes (approximately) zero at
the population level? Furthermore, equation 4 is now equivalent to 5 egdation 8 is

equivalent to equation 9, reducing the overall nermds combinations from four to two.

We now return to what would be an appropriate bfmsichoosing the indexation factpr
Bargain and Callan (2010) have argued for usinggtbevth of average original incomes, i.e.
p = Xg /X4, to obtain a ‘distributionally neutral’ benchmarkhis would broadly ensure that
aggregate disposable income rises (or falls) inp@nion to an increase (or a decrease) Iin
aggregate original incomes, i.e. the overall tasdbn and expenditure level remain constant
in relative termg? Nevertheless, disposable income for a given haldatould still grow at

a higher (or lower) rate than their original incorhéhe latter grows less (or more) than on
average. However, there are alternatives ways obsihg p, depending on the chosen
conception of “neutrality”. For example basing m @ consumer price index would be
appropriate if the point was to ensure a constasblate standard of living (on average).
Clarke and Leicester (2004) contrast price-indexatith indexation based on the nominal
GDP, and show that the choice matters for resdlkere is no clear consensus in the

literature on decomposition regarding the most eate choice of index.

Finally, there is the issue of how to deal withhpdépendency and multiple combinations for
decomposition. Can some combinations be preferved others or different combinations
somehow be brought together? In some cases, orté bedimited to specific combinations

by data constraints. The prime example here isrgg analysis of (implemented) policy

4 Notice also that with each sub-component aggrelgasparately (rather than aggregating the differenc
between various components), it is possible toycaut such exercise on two waves of cross-sectidatd
without necessarily using panel data.

5 This holds for linearly homogenous tax-benefit teyss, while non-linear elements make this an
approximation. Nevertheless, as demonstrated itaC&t al. (2007) for Ireland, the bias would tyig be
small.
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changes before micro-data of actual post-reforranmes become available (e.g. Avram et al.,
2013). Relying on estimates fpr one could already quantify the effect of polidyanges
(with equation 7), while both start- and end-yeatiadet are needed to assess other effects. As
there are no clear arguments for preferring ondiquder combination over another, all
variants should be covered. Bargain and Callanq(R@dopt the Shorrocks-Shapley approach
(Shorrocks, 2013) to summarise various combinatiessentially averaging the effect of a
given component across all combinations. In thig/,wasults conditional on household

characteristics in each period are given equal higig

Other examples where such decomposition has beghexplicitly include Bargain (2012b),
Bargain et al. (2013b) and Creedy and Herault (ROhladdition, there is a large literature
which has carried out similar assessments withes fermal frameworks (for example, see

Clark and Leicester, 2004; Thoresen 2004).

3.2.2. Specific applications
Actual vs. counterfactual indexation of policy paeters

Any system which is not fully indexed with respexigrowth in (average) private incomes or
prices would result in the erosion of the relathadue of benefit payments and increased tax
burden through so-called bracket creep (or fisaalgld Furthermore, it is essential to
acknowledge that keeping a tax-benefit system urgdth also impacts household incomes
(unless the distribution of household original im@ is also constant over time). Let us
consider the change in household disposable ingorsach a case using our notation from

above:

Ay = }’(C: XB, m) - Y(C; X4, m) (12)

Following the decomposition framework in the moemnegral case above, equation 12 can be

split again into three terms: the policy effectaspes in original incomes and the change in
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nominal levels (i.e. change in disposable incomeboth original incomes and policy
parameters were scaled up by the same factor).pbhey effect would now reflect the
outcome of keeping policy parameters constant iminal terms and can be calculated as
y(c,xg,m) —y(c,xg,pm) ory(c,x,,p~*m) — y(c,x,,m). In a typical casep is positive,
reflecting growth in private incomes (or consumecgs), and, hence, the policy effect would
be negative (i.e. income reducing). This is becaaspositivep implies higher benefit
amounts and tax bands in the counterfactual saead translates into higher disposable
incomes (for the same original incomes) comparedigposable incomes under tax-benefit
rules when these are kept nominally constant. Tas been studied for example by
Immervoll (2005), Immervoll et al. (2006) and Suthad et al. (2008). It is also important to
realise that ifp is negative, i.e. average original incomes (ocegs) fall, and a tax-benefit

systems is kept nominally constant then househtéasburdens fall in relative terms.

Policy swaps

An analogous type of exercise to that comparingetfiects of policies across time in one
country involves assessing the effects of poliéfesn one country A) when simulated in
another B), the so-called policy swaps. The starting pagnagain equation 3 with the aim
being instead of comparing the effects of two défe national policy regimes on the same
population and distribution of original incomesnguaring the effects of a particular set of
‘borrowed’ policies, on different populations amdome distributions. Some studies focus on
the effects of several alternative systems in caréiqular country (one-way swaps), others
carry out two-way swaps sometimes involving mormtkwo countries in a series of swaps.
Section 3.6 discusses some examples of such stlidsésad of growth in income over time
and the relative movement in tax-and benefit pataragthe nature gb has to do with
difference in nominal levels of original income countries. Often there are additional

complexities involved in maintaining correspondenaiéh original policies, especially if
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more than one pair-wise comparison is made. Atteraptfar have aimed to keep the values
of parameters fixed in relative terms, for exammheconnection to average income or in

order to maintain budget neutrality.

Microsimulation-based indicators

The same framework can be used to describe micubsiion-based indicators, designed to
capture some inherent characteristics of a giverbémefit system, which are not directly

observable. The nature of these was already exgglamsection 2.2, while here we formalise
the key definitions. Overall, these indicators shmow household disposable income reacts

to changes in people’s gross earnings and circumossa(for a given tax-benefit system):

Ay = Y(CB' XB) m) - y(CAl Xa, m) (13)

Using our notation, we can express marginal effediax rates (METR) as follows:

METR =1 —[y(c,x + d,m) — y(c,x,m)]/d (24)

where the change in household disposable incondivided by the margind) used to
increment gross earnings)(of a given household member, yielding a relatheasure. This

is further deducted from one to show the part afitawhal earnings which is taxed away.

In the case of participation tax rates (PTR), be#irnings ) and other household
characteristics ) are adjusted to reflect the change in labour etastatus, i.e. from

inactivity or unemployment¥) to work B):

PTR =1 — [y(cp,xg,m) — y(ca, X0, m)]/(xg — x4) (15)

The relative income change is again deducted froento reflect the effective tax rate at this
margin. (Note that this could be further simplifiadx, = 0.) Replacement rates (RR) are
calculated simply as the ratio of out-of-work dispble incomeA) to in-work disposable

income B):
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RR = y(CA' XA, m)/Y(CB' XB» m) (16)

Finally, indicators based on counterfactuals reihgc only changes in household socio-
demographic characteristicg)(can be calculated a8y = y(c4, x,m) — y(cg, x,m). For
example, ‘child contingent’ incomes would show ti@nge in household disposable income

for families with children A) compared to if they did not have childrd).(

3.2.3. Decomposition with labour supply changes

So far we have focused on the static effects atpahanges, whereby potential behavioural
reactions have been absorbed by the component riceptichanges in household
characteristics more generally. Following Barg&f12a) we now extend the previous case
and explicitly account for behavioural changeshia torm of labour supply adjustments due
to policy changes. For this purpose, we slightlaraie the notation from, to x., which
refers to original incomes by population with cleaesisticsc, based on labour supply
choices made under the policy systerfAs such, the meaning sf is exactly the same as
x, before and, hence, will be shortened to the lattEhis allows the term ‘changes in
characteristics’ to be split into further two compats — labour supply adjustments following
changes in policy rulesA(—= B) and other effects due to changes in the populatimcturec
(which are assumed to be exogenous to tax-berndftypchanges, at least in the short and
the medium term). We can now express the overalhgé in household disposable income
as a sum of four components: direct (or mechanalicy effect, labour supply reactions,

change in nominal levels and change in charadtesist

Decomposing equation 4 and combining it with equra8, we can separate the behavioural
effects comparing disposable income with laboupsupnder the initial and the new policy
rules, expressed in terms of initial policy ruleg, fpm,) and either start-period household

characteristics,:
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Ay = yg(cg,xg,mg) — ya(cg, x5, pMy) (direct policy effect)
+  yu(cg, x5, pM4) — Va(ca, px8, pmy) (change in characteristics) 17)
+  yalca, pxg, pma) — yalca, pxa, pmy) (behavioural effects)
+  yalca, pxa,pmy) — ya(ca, x4, my) (change in nominal levels)

or end-period household characteristigs

Ay = yg(cg,xg,mg) —ya(cg, x5, pmy) (direct policy effect)
+  yu(cg x5, pma) — va(cp, x5, pMY) (behavioural effects) (18)
+  yu(cg x5, pmy) — ya(ca, px4, PMY) (change in characteristics)
+  ya(cq, pxg,pmy) — Ya(ca, X4, my) (change in nominal levels)

Decomposing equation 8 instead and combining ih wduation 7, allows the behavioural

effects to be expressed in terms of new policy srulgs, mg) and, again, start-period

household characteristicg:

Ay = yg(cg, xg,mg) — vg(ca, pxE, mp) (change in characteristics)
+  yg(ca, px8,mp) — yg(ca, px4, Mp) (behavioural effects) (19)
+  yg(ca, px4,mp) — yg(ca, x4, 0" Impg) (change in nominal levels)
+  yplea, x4, p7Imp) — y4(ca, x4, my) (direct policy effect)

or end-period household characteristigs®

Ay =

ye(cp, xp, mg) — yp(cp, xﬁl; mp)

(behavioural effects)

+  yglcg, xf,mg) — yg(ca, px 4, mp) (change in characteristics) (20)
+  yp(ca, pxa,mp) — yp(Ca, X4, p~ ' Mp) (change in nominal levels)
+  yp(ca xa, 0" mpg) — yalca, x4, m4) (direct policy effect)

Modelling behaviour and in particular labour sup@ydiscussed in more detail in the next

section.

3.3. Modelling behavioural changes
3.3.1. Accounting for individual reactions

The impact of policies on individual behaviour,atgh incentives and constraints, is at the

core of economics and behavioural microsimulatioodets are valuable tools to provide

5 We skip decompositions based on equation 5 andtiequ9 as the terms for ‘behavioural effects’ and
‘change in characteristics’ are simply scaled ddwnp (if the homogeneity property holds), compared to
equation 4 and 8, respectively.
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insights into the potential behavioural reactioaschanges in the tax-benefit system and,
consequently, on their effect on economic efficienmcome distribution and individual
welfare (Creedy and Duncan, 2002). Nevertheless jmportant to be clear when the second
order effects can, and cannot, be neglected. Touaghe individual welfare effect of
reforms, it is not always necessary to quantifydvatural responses, on the assumption that
the effects of the policy changes are marginalh® hudget constraint (Bourguignon and

Spadaro, 2006).

Of course it is not possible to judge a priori Wwiegtthe behavioural response is large or
ignorable. Judgements must necessarily be mada ad hoc basis, using available evidence
and related to the context of the analysis and teswlts are to be interpreted. If behaviour is
known to be constrained (e.g. in the case of lalsupply adjustments at times of high
unemployment) then behavioural responses mighgheréd and the results of the analysis
treated purely as changes in income (rather thalfiare® If static indicators of work

incentives such as marginal effective tax ratesgarticipation tax rates change very little as
a result of a policy change then one can assumnteldhaur supply responses driven by
substitution effects will be small. If the change income with and without modelled

behavioural response is expected to be ratheraintiien given the error in the modelling of
behaviour and in the static microsimulation estesathemselves, going to the trouble of

modelling responses may not be worthwhile (PudmelyQutherland, 1996).

Moreover, being clear about the relevant time ki important. From a policy-making
viewpoint it is the effect on the income distrilmrtiand on the public budget in the year of
the reform that often matters. Most tax and benfiicy changes are made year to year and
are fine-tuned the following year if necessary.tmone hand, behaviour takes time to adapt
to changing policies, partly because of constraiatigustment costs and lack of information

or understanding. This applies most obviously ttlity but also to labour supply in systems
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where full information about the policy rules istravailable until the end of the year (after
labour supply decisions have already been acteddmjhe other hand, changes in behaviour
may also happen in anticipation of the policy bemglemented, with short-term responses
larger than long-terms effects. This may applyipaldrly to tax planning behaviour and is
well-illustrated by the case of an announcemenh&UK in 2009 of a large increase in the
top rate of tax on high incomes in 2010/11. Magestalling of income by those who would
pay the additional tax and were in a position toipalate the timing of their income resulted
in an unexpected increase in tax revenue in 2008/ a corresponding reduction in the

following year (HMRC, 2012).

In some situations the “morning after” effect i® tinost relevant when considering short-
term policy adjustments and equilibrium (or parteguilibrium) considerations are not

particularly relevant. Furthermore, if indicativesults are needed quickly because reform is
imperative, then in the absence of an already-estichand tested behavioural model, static

results with the appropriate “health warnings” stit more informative than nothing at all.

Nevertheless, it is widely recognised that, depamain the policy change being analysed,
ignoring behavioural reactions can lead to mislegaistimates of the impact of the policy
reform on the income distribution and the macroreosic consequences (Bourguignon and

Spadaro, 2006), as is also illustrated by the tarrpng example.

At the other extreme, modelling behavioural respsnis the case of very large changes to
policy poses challenges for the empirical basisbehavioural modelling. For example,
replacing an existing tax-benefit system with a boration of a basic income and a flat tax
such that no income fell below the poverty thredhadould presumably result in large
changes in many dimensions of behaviour which ald&ely to be correctly captured by the

labour supply models that are used traditionally.
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Despite the long tradition in modelling behavionreiconomics, the behavioural reactions to
changes in the tax system that are most commordlysed are related to labour supply
(starting from the seminal contributions of Aabergeal. 1995 and van Soest 1995) and
programme participation (Keane and Moffitt, 199%8gding into a growing literature, which

is characterised by an increasing level of economsbphistication. The same level of
development does not yet apply to other researeaisavhere microsimulation models have
been used, e.g. to investigate the potential effetttax policies on consumption (Creedy,
1999b; Decoster et al., 2010), saving (Feldstethfeeenberg, 1983; Boadway and Wildasin,

1995) and housing (King, 1983), at least partly ttua lack of suitable data.

3.3.2. Labour supply models

There is a general consensus in the literaturetalsing (static) discrete choice models to
simulate the individual labour supply reactionsch@nges in the tax-benefit systéhBuch
models are structural because they provide dirgonations of preferences over income and
hours of work, through the specification of the dtional form of the utility function.
Discrete choice models belong to the family of k@&ndutility maximisation models
(McFadden, 1974) which allow the utility function have a random component (usually
following the extreme value distribution), affedithe optimal alternative in terms of utility

level associated with each choice.

The discrete choice character of the models istdube assumption that utility-maximising
individuals and couples choose from a relativelyabmumber of working hour combinations
which form the personal choice set. Each pointh@ thoice set corresponds to a certain
disposable income given the gross earnings of galifidual (derived using the observed or
predicted wage), other incomes and the tax-besgdtem rules simulated by means of a tax-

benefit microsimulation model taking into accoumé tsocio-demographic characteristics of

17 See Creedy and Kalb (2005) for an extensive rewiemodelling strategies.
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the family. The nonlinear and nonconvex budget setermined by complex tax-benefit
systems provide a primary source of identificatadrthe model itself. Most of the discrete
choice models based on the van Soest (1995) appesatime that the same choice sets are
defined and available for each individual and thatindividual has the same gross hourly
wage for each such alternative. lImakunnas and &u@®90) is one of the few exceptions
in the literature, allowing the hourly wage to h#fettent according to the number of hours
offered by each individual. A more flexible specdiion is provided by Aaberge et al. (1995)
that defines the alternatives faced by the indigislun terms of a set of a wage rate, hours of
work and other job related characteristics. Theevade can differ for the same individual
across alternatives, the hours of work are samfilad the observed distribution and the
availability of jobs of different types can depermh individual and institutional

characteristics.

Regardless of the econometric specification, thapéa is usually restricted to individuals
who are considered “labour supply flexible” in arde exclude individuals whose labour
choices are affected by factors that are not onaahe controlled for in the labour supply
model. Examples of these factors include disab#itgtus, educational choices or early
retirement but also self-employment status. Thisegents a limit in the use of the estimated
labour supply responses to analyse changes invralbincome distribution because, for the
individuals not covered by the labour supply mogdiils behaviour is assumed to be inelastic.
In most applications, working age individuals withthe family are allowed to vary their
labour supply independently of each other while dkikty maximisation takes place at the
family level considering the income of both partheubject to a pooled income constraint, in
line with the unitary model of household behavidBiundell et al. (2007) is an example of

structural model of labour supply in a collectiettsg but excluding the effects of taxes.
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Figure 4 depicts the main components of a stankddaelr supply model which uses a static
tax-benefit algorithm to generate input for theoabsupply estimation and to evaluate the

labour supply reactions to policy reforms.

Figure 4: Behavioural tax-benefit model and underlying data

Pre-reform Post-reform
Observed or predicted New budget set derived
hourly wage by tax-benefit model
from micro-data <

Calibration of policy
reform parameters to

v ensure revenue neutrality
Choice se

\ 4 A
| Iterations of labour

supply effects
A 4 \—l
Budget set derived Labour supply model
by tax-benefit mode (Preference estimates Labour supp!y e_ffec_ts and second
from micro-data ™ assumed to be fixed) round redistributive effects

In the pre-reform scenario (left panel of Figure the labour supply model is estimated on
the budget set providing a direct estimate of thefgpences over income and hours. In the
post-reform scenario (right panel of Figure 4) a eidget set for each family is derived by
the tax-benefit model applying the new tax-bengifies following the simulated reform.

Assuming that individual random preference hetemedg as well as observable preferences
do not vary over time, labour supply estimates frili@ pre-reform scenario are used to
predict the labour supply effects and the seconddaedistributive effects (i.e. when labour
supply reactions are taken into account) of theukted policy reforms. Such effects might

come out of an iterative procedure calibrating fludicy parameters to ensure revenue
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neutrality once the labour supply reactions andrteffects on tax revenue and benefit

expenditure are taken into account.

Applications of discrete choice behavioural modeis too numerous to be surveyed in this
context. Along with many applications focussed be potential effects of specific tax-
benefit policies (among others, see Brewer e2&809) for a review of analysis of the effects
of in-work benefits across countries), labour syppbdels based on microsimulation models
provide labour supply elasticities that can be usemther tax policy research (e.g. Immervoll
et al., 2007). Using EUROMOD and TAXSIM, Bargainatt (2014) provide the first large-
scale international comparison of labour supplgtéddies including 17 EU countries and the
US. The use of a harmonised approach providestsett are more robust to possible
measurement differences that would otherwise afisen the use of different data,
microsimulation models and methodological choideégure 5 shows the estimated own-
wage elasticities for single individuals and indivals in couples, which suggest substantial
scope for the potential impact of tax-benefit referon labour supply and hence income
distribution, though the differences across coestare found to be smaller with respect to
those in previous studies. Bargain et al. (20149 ahow the extent to which labour supply
elasticities vary with income level which has imaoit implications for the analysis of the
equity-efficiency trade off inherent in tax-benefforms. To this aim, labour supply models
can be used to implement a computational approaciheé optimal taxation problem,
allowing the empirical identification of the optiln@mcome tax rules according to various
social welfare criteria under the constraint ofenewe neutrality (Aaberge and Colombino,

2013).

45



Figure 5. Europe and US: own-wage elasticities
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The rapid dissemination of labour supply modelslamger restricted to the academic sphere
and increasingly used to inform the policy deb&i@s been accompanied by a continuing
refinement of the econometric specifications. Nthadess, further improvements are still
necessary to model the labour market equilibriuat ttan emerge as a consequence of a
policy simulation (Colombino, 2013), to take intocaunt demand side constraints (Peichl
and Siegloch, 2012) and to exploit the longitudidmhension of micro-data, where this is
available, in order to avoid labour supply estimabeing potentially biased by individual
unobserved characteristics and to consider thee slapendence in the labour supply

behaviour (Haan, 2010).
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3.4. M acroeconomic effects

In a basic application of a static microsimulatrandel labour market conditions and levels
of market income are taken from the underlying dathout further adjustments. However,
these conditions may change due to policy, econ@mdtinstitutional changes and in order
to assess the social consequences of macroecoobanges, it is important to consider the
interactions of the tax-benefit system with newdibans in the labour market and with other
macroeconomic effects in general. On the one hamdro-oriented policies can have a
second round effect due to micro-macro feedbaaksexample, a generous income support
scheme can have effects on labour market and sé&ehgviours. On the other hand, macro
oriented policies or exogenous shocks have a rdalisve impact which needs to be
assessed if the potential implications for the tmall economy of the reforms is to be

understood (Bourguignon and Bussolo, 2013).

As in the case of a policy change, the microsinmatipproach can offer insights in two
ways. First, it can provide, in a timely fashion, eéx-ante assessment of how individuals are
affected by the macroeconomic changes, either laotugy/pothetical. Second, it can be used
to develop a counterfactual scenario to disentamglgost what would have happened
without a given component of the macroeconomic khblowever, in order to capture the
consequences of a macroeconomic shock on incortréodison, a partial equilibrium setting
at micro level can be too limited. The need to geptthe interactions of the tax-benefit
system with population heterogeneity observed atarlievel and the macro changes in the

fundamentals of an economy due to policy reformexmgenous shocks is necessAry.

In the last decade, the growing literature hasanepl different ways to link micro and macro

models (often belonging to the family of ComputatibGeneral Equilibrium (CGE) models)

8 This is less relevant in developing countries wheire effects of social expenditures are more agiein
shaping the income distribution than tax-benefitegns but it cannot be ignored in mature welfastestand in
emerging countries due to the increasing use aditional cash transfer programs.
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yet the construction of a comprehensive, policgmied micro-macro economic model still
faces many challenging issues. While it is nowadgyse common to see disaggregated
information from micro level data used in a macroda (i.e. using the parameters of
behavioural models or the effective tax rates sataa by micro-simulation models in CGE
models), it is rarer to see a fully developed nsorulation model being integrated with a
macro model. See Bourguignon and Bussolo (2013aifloexcellent review of the different

approaches.

The simplest and widely implemented way to combiriero and macro models is the top-
down approach. Robilliard et al. (2008) provideemample of combining in a sequential way
a microsimulation model with a standard multi-se€@&E model, not only focussing on the
labour markets but also on the expenditure sidengakito account the heterogeneity of
consumption behaviour of individuals. First, thecneamodel predicts the linkage variables,
i.e. new vectors of prices, wages and aggregatelogmpnt variables which are the

consequences of a macroeconomic shock or a newypdiecond, the microsimulation

model generates new individual earnings and empdoyrstatus variables consistent with the
aggregates from the macro model and hence simudatesv income distribution. In such a
top-down approach, the potential macro feedbacdkctffof the new situation faced by the
individual are not taken into account specificabhyt only through the representative
households embedded in the macro model. Sincepérdis on the aggregation of behaviour
at the individual level, this approach can onlyyide the first-round effects of the exogenous
(policy) change. Bourguignon et al. (2005) extemel top-down approach by including in the
microsimulation model the behavioural reactionsdividuals to the price changes predicted

by the macro model.

In contrast, in the bottom-up approach, the indiaidbehavioural changes due to a policy

reform are simulated at micro level and then agapextyto feed into the macro model as an
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exogenous variation in order to analyse the ovefiict on the economy. Any feedback
effect from the macro model back into the microesnit behaviour is ignored in this setting

(Brown et al., 2009).

A more complete recursive approach is given by dbmbination of the two approaches
through a series of iterations until effectively faother adjustments are observed, in order to
take into account the feedbacks that would otheniie ignored and to arrive at a fully
integrated macro-micro model. In the macro pagwth a model the household sector is not
given by a few representative households but byntiero level sample of households,
representative of the whole population. Aabergal.€2007) is an example of the integration
between a labour supply microsimulation model an@GE model in order to assess the
fiscal sustainability of the ageing population iroriway. Peichl (2009) uses the same

approach to evaluate a flat tax reform in Germany.

Considering the efforts needed to develop a fuliiegrated model, the choice of the
appropriate approach depends on the research dcypguestion at hand, and more
parsimonious models can do the job in many circantss. Notwithstanding, a fully
integrated micro-macro model as suggested by Osatudl. (1976) would be an incredibly
powerful tool to build counterfactuals taking irdecount feedback effects between micro
and macro level and to disentangle the effectgi¥an macro change on individual resources

and hence on the income distribution.

3.5. Predicting theincome distribution

Using microsimulation to predict the income digtition is an area of work that is fuelled by
the need of policy-makers to have more up-to-datenates of poverty and inequality and
the effects of policy than can be supplied direétbm micro-data that are usually 2 to 3

years out of date.
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This need is particularly acute if indicators ofame distribution are to be taken into account
in assessments of economic and social conditiamsgalde aggregate economic indicators,
which are generally available in a more timely wWaykinson and Marlier, 2010; Stiglitz,
2012). Furthermore, the practice of setting targetshe future achievement of social goals
is becoming more widespread. In relation to poveny income distribution this applies
particularly in the European Union through the B&r@020 target for risk of poverty and
social exclusiort? and in the developing world through the UN Milliom Development
Goal for eradication of hunger and extreme povétBredictions of the current situation
(known as “nowcasts”) are valuable indicators toasuge the direction and extent of
movement towards the associated targets, alongpgdictions for the target date at some

future point (i.e. forecasts).

The approaches to predicting the income distrilbutdepend also on the time framework of
the analysis. Methods for “nowcasting” and foreicasare distinct in the sense that the latter
must rely on assumptions or other forecasts atbheuetonomic and demographic situation as
well as the evolution of policies, rather than rgcendicators, data and known policy
parameters. However the choice of techniques isvtmmto both and before discussing the
two time frameworks in turn, the next sub-secti@mmsiders a key issue: how to model

changes in labour market status.

3.5.1. Modelling change in labour market status

In order to capture the effects of (exogenous) ghann economic status on the income
distribution, two techniques can be implementenhiato level. One approach is to re-weight
the data (Merz, 1986; Gomulka, 1992; Creedy, 28@4di)e another approach is to model

transitions from one status to another at individexsel (Fernandez Salgado et al., 2014).

19 http://ec.europa.eu/europe2020/targets/eu-targets
20 http://www.un.org/millenniumgoals/
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Re-weighting is commonly used because it is reddyistraightforward to carry out, and to
test the effects of alternative specifications. Fetample, to model an increase in
unemployment rate (Immervoll et al., 2006b), thevey weights of households containing
unemployed people at the time the survey was delleamust be increased and the weights of
other similar households reduced, in order to ldspographic characteristics and household
structures constant in other relevant dimensionlowing this approach, Dolls et al. (2012)
simulate a hypothetical unemployment shock in 18ge&an countries and the US in order to
analyze the effectiveness of the tax and trangfems to act as an automatic stabilizer in an

economic crisis.

However, the main disadvantage of the re-weighéipgroach, especially in the context of a
rapidly changing labour market, is that it assitires characteristics of the “old” unemployed

(in the original data) to the “new” unemployed (esponding to the current period). To the
extent that the unemployed in the data were long-tenemployed this will under-estimate

the number of new unemployed in receipt of unempleyt insurance benefits, which are
time-limited in most countries, and over-estimdue ¢€xtent to which incomes are lowered by
unemployment. Furthermore, the unemployment shoai have affected certain industries

and occupations more than others.

Another drawback of re-weighting is that it canulesn very high weights for some
observations which can distort the results of sanohs affecting dimensions not controlled
for. In addition, while the implications of altetnae formulations for the empirical results are
straightforward to explore, it is far less strafghtvard to assess the statistical properties and
reliability of the weights themselves, given that finy one set of weights satisfying the

calibration constraints, there are also others (@kay 1992).
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Moreover, re-weighting does not permit account éthken of the interactions between
changes in the individual status and differentliarefit instruments, for example to analyse
to what extent the welfare system counterbalamwesme losses specifically for those who
became unemployed rather than at the aggregaté [Els is possible with the second

approach which involves explicit modelling of trdimns at the individual level, making use

of external information about the changes occurim@ given dimension. In principle, the

full range of relevant characteristics of the peogffected can be taken into account. An
explicit simulation allows for the detailed effedtax and benefit policy to be captured for
those making the transition. In other words, itegithe possibility to produce quasi '‘panel
data' tracking the same individual before and aitgiven change, disentangling what would
have happened without the change and highlightiegriteractions of the tax-benefit system

with the individual socio-demographic charactecsti

Following this approach, Fernandez Salgado et28l14) simulate the individual transitions
from employment to unemployment at the onset of @reat Recession in six European
countries. As a consequence of the macroeconomitkshousehold incomes of individuals
who lose their job are predicted, considering tireatl cushioning effect of the tax-benefit
systems and the way they depend on the market mawfnother household members and
personal/household characteristics. The comparmiween incomes before and after the
shock provides a way to stress-test the tax-besyggiems assessing the relative and absolute

welfare state resilience.

To date there have been few systematic compariebne-weighting versus the explicit
simulation of individual transitions. Hérault (2Q4frovides a comparison of results using the
two methods on South African data and concludes ‘ttiee reweighting approach can

constitute a good alternative when data or timestamts do not allow the use of the
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behavioural approach and when the production dfiddal level transition matrices in and

out of employment is not essential” (p. 41).

3.5.2. Nowcasting

Tax-benefit microsimulation models have for mangirgebeen used to simulate the effects of
the most recent policies so that ex ante analysipoticy reforms can take the current
situation as the starting point. In doing thisisinecessary to update the input micro-data to
reflect current economic and social conditions.sTimight be done with varying degrees of
sophistication depending on the question at hardl the amount of change in relevant
dimensions between the reference period of thecadata and the reference year of the
policy. Usually, information in the data on originacome is updated using appropriate
indexes. In addition, the sample might be re-wadhb account for certain demographic and
economic changes (see section 3.5.1). The simuldisgdbution of household disposable
income, based on adjusted population charactesjsijpdated original income and simulated
taxes and benefits using current rules, is thennasd to be a reasonable representation of the

current income distributioft.

However, in times of rapid change two factors ssggeat this approach may not be
adequate. First, simple re-weighting cannot gehecapture major changes accurately and
income growth may vary greatly around the meanjiregy a disaggregated approach. Most
obviously this applies in the case of an econonmowrdurn and a sudden increase in
unemployment with its asymmetric effects, or anuuptand an increase in employment,
when, as is typically the case, the impact is unem@oss the population. Secondly, it is at
times of rapid change or economic crisis that gefakers particularly need to know about
very recent movements in the income distributiod e current situation rather than those a

few years previously. The same applies in timegrofvth if policy-makers are concerned

2L See for example Redmond et al. (1998) and Catlah £1999).
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about some sections of the population being ldfirfze Furthermore, in times of crisis fiscal
stimulus or fiscal consolidation policies may pkyarticularly important role in re-shaping
the income distribution. A microsimulation approdtéis particular advantages because it
captures the specific impact of the componentshes$d policy packages that have a direct
effect on household incomes, as well as their &t@yns with changing market incomes. In
times of rapid growth, fiscal drag will typicallyakie distributional consequences (see section
3.2.2), which will be important for policy-makeis anticipate if they wish to prevent relative

poverty from rising (Sutherland et al., 2008).

Borrowing the term “nowcasting” from macroeconomissee, for example, Banbura et al.,
2011) the use of an extended and refined set absimulation methods in combination with
timely macro-economic statistics is able to providstimates of the current income
distribution using micro-data on household inconfeclv are typically 2 or more years out of
date. These methods include: (a) updating mark=inmes from the income data year to
current (or latest), using published indexes wighnauch disaggregation as these statistics
allow; and from the latest to “now” according to ernalevel forecasts or assumptions; (b)
simulating policy changes between the income dat yo those prevailing currently; (c)
data adjustments to account for important dimerssioh actual labour market change
between the data year and the most recently alailaformation; (d) data adjustments to
account for actual and projected demographic arterotompositional changes (e.g.

household composition) between the data year aod™A?

An early attempt to use these methods to updaterpostatistics for the UK is provided by
de Vos and Zaidi (1996). More recently, these naghtave been used to nowcast the policy

effects of the crisis in Ireland (Keane et al., 2010 examine the distributional effects of the

22 5ome studies also make specific data adjustmbatsate relevant to the effect of policies in thejgction
period, such as increasing the pension age (Bretadr, 2011).
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crisis in Greece (Matsaganis and Leventi, 2013) tandowcast the income distribution in
Ireland (Nolan et al., 2013), the UK (Brewer ef 2D13) and Italy (Brandolini et al., 2013).
They have also been used for 8 European Union geartb nowcast risk of poverty using

EUROMOD (Navicke et al., 2013

A key issue for all the studies that aim to nowahstincome distribution in (or on the way
out of) the Great Recession, using pre-recessita, @ato capture labour market changes
sufficiently precisely. The same would apply durangeriod of increasing employment rates.
Most of the studies cited above use re-weightingdjust for both demographic and labour
market changes. The study by Navicke et al. (20&3)an exception and, holding
demographic factors constant, used explicit simutabf labour market transitions to capture
the very specific and varied incidence of unemplegitracross the eight countries considered
in the relevant period. The method is based onubeatl by Figari et al. (2011c) using Labour
Force Survey (LFS) statistics to establish the irequnumber of transitions of each type
according to personal characteristics. The micrakition model, in this case EUROMOD,
then selects from the available pool of people whsse characteristics in the input database
and changes their status accordingly. Incomesien@ated, taking account of the new status,
for example by calculating eligibility and entitlemt to unemployment benefits for those

making the transition from employment to unemplogine

3.5.3. Forecasting

While nowcasts can make use of very recent indisatd economic and labour market

conditions, and typically project forward by onlyfew years, allowing slowly-changing

% |n the US, where there is also an interest in iptied) current indicators, child poverty has beawnast
using a simple econometric model based on statd wrent and lagged economic indicators and litenef
receipt statistics (Isaacs and Healy, 2012). This ifeasible approach, rather than using micrositiu,
because in the US the poverty threshold is notnatfon of the income distribution, as it is in tB&, and
because welfare benefit receipt is in itself a gpoedictor of poverty, which is not the case in td or
elsewhere in the OECD.
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factors such as demographic composition to stagdinge, forecasts generally project further
in time and must rely on assumptions and predistioom other models. In this sense they
are usually better seen as drawing out the imjpticatfor the income distribution of a
particular economic/demographic scenario. For examilarx et al. (2012) explore the
implications of meeting the Europe 2020 targets domployment for indicators of risk of
poverty and social exclusion, finding that the cosipon of any new employment is a key
factor. World Bank (2013) uses a similar approaxiexploring the implications of meeting
both the education and employment targets for ety indicators in the countries of
Eastern Europe. In both cases there is no tax-ibenefrosimulation and it is assumed that
tax-benefit effects are as in the underlying midata. This is justified on the grounds that
future policy reforms are difficult to predict. Hewer, this approach neglects any
interactions between socio-demographic and labarket characteristics and the tax-benefit
system. Microsimulation can take account of thesg aven assuming a constant tax-benefit
policy structure and a constant relationship betweecome levels and tax-benefit
parameters, would allow the automatic effects dicgs on changing market incomes to be

captured.

Nevertheless, as explained in section 3.2.2 ahbigeimportant to be aware that assumptions
about the indexation of current policies can havaagor effect on distributional outcomes
(Sutherland et al., 2008). In some situations ehasidggnown about the probable evolution of
policies to include in the predictions the disaréry tax-benefit reform effects, as well as
the automatic effects driven by changes in theuanstances of households. In the UK not
only are policy reforms often announced severals/@aadvance, but also there is detailed
information available about indexation assumptithreg are built into official public finance
forecasts (HM Treasury, 2013; Table Al), as wellragular and detailed growth and

inflation forecasts (OBR, 2013; Table 2.1) that tagether be used as baseline assumptions
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in defining policies in the forecast year. Brewemlk (2011) have forecast child poverty in
2020 using a combination of these types of asswmgti re-weighting and tax-benefit
microsimulation. Such an approach not only proviggsediction (in this case that, given the
assumptions, the UK will not meet its target foiletlpoverty reduction in 2020) and allows
the drivers of the prediction to be identified @hgh sensitivity analysis) but also allows a
“what would it take?” analysis to suggest what corabons of reforms and other changes

would be needed to meet the target.

3.6. Cross country comparisons using microsimulation

Cross-country comparisons of the effects of pddiciaturally add value to what can be said
about a single country because the broader pergpdatips to provide a sense of scale and
proportion. They provide the basis for assessimgrdiustness of results and to generalise
conclusions. In addition, considering several coastwithin the same analysis provides a
kind of "laboratory” in which to analyse the effectf similar policies in different contexts or
different policies with common objectives (Sutheda2014). Comparisons can take several
forms. At their simplest the effects of differentlipies or policy reforms in different
countries can be analysed side-by side. BargainGalidn’'s (2010) decomposition analysis
for France and Ireland is one example of this aggroAnother is Avram et al. (2013) who
analyse the distributional effects of fiscal comation measures within a given period in

nine countries.

A second approach is to contrast the effects obrangon, hypothetical policy reform in
several countries, highlighting the relevance @& thteractions of a specific policy design
with population characteristics and economic coodg. Often the “reform policy” is
designed to highlight features of the existing ovadi system that it replaces or supplements.

Examples include Atkinson et al. (2002) and Mantbvat al. (2007) for minimum
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guaranteed pensions, Levy et al. (2007a) for usatechild benefits, Callan and Sutherland
(1997) for basic income, Bargain and Orsini (20aigl Figari (2010) for in-work benefits,
Matsaganis and Flevotomou (2008) for universal mgusansfers, Figari et al. (2012b) for
the taxation of imputed rent, and Paulus and P€&909) for flat taxes. This type of analysis
is usually complicated by the need for the refowtqy to be scaled somehow if it is to have
an equivalent effect in countries with differentéés of income, and because of the need to
consider how the reform policies should be integtatith existing national policies. Given
that the starting points are different (e.g. the dgstems may treat pensions differently) the

net effects will differ too.

A third approach, which was introduced in sectiod.3 above, is to swap existing policies
across countries in order to explore how their@#aliffer across different populations and
economic circumstances. Examples of this kind alify learning” experiment include a
comparison of the effectiveness of benefits for theemployed in Belgium and the
Netherlands (De Lathouwer, 1996) and many studidbeo effectiveness of public support
for children and their families: Atkinson et al.988) for France and the UK; Levy et al.
(2007b) for Austria, Spain and the UK; Levy et(@009) for Poland, France, Austria and the
UK; Salanauskaite and Verbist (2013) for Lithuariatonia, Hungary, Slovenia and the

Czech Republic; and Popova (2014) who comparesi&Rwsth four EU countries.

Policy swap analysis can in principle be done usirsgt of national microsimulation models,
side by side. But Callan and Sutherland (1997) dotlvat the task of making models produce
comparable results was formidable, even for just arguably) relatively similar countries
(Ireland and the UK). This justified the constroatiof EUROMOD as a multi-country model

which now covers all EU Member States (see Box 1).
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Indeed, with some exceptions, many of the studeferred to above make use of
EUROMOD. As intended, this greatly facilitates @@®untry comparability (particularly of
the concepts used), the implementation of commdormes using common code and the
mechanics of carrying out policy swaps (transfgrrooded policies from country A to
country B). EUROMOD is designed to be as flexilbdepmassible, allowing a huge range of
assumptions to be made about cross-country equn@lef different aspects of policy
simulation. One example is the treatment of noe-1ak of benefits (see section 4.2) another
is the default indexation of policies each yeae (section 3.2.2). Thus policy swapping is not
a mechanical procedure. Each exercise has its avirvation and corresponding decisions to
be made about which aspects of policy (and assongtdriving its impact) are to be

“borrowed” from elsewhere and which to be retaifredh the existing local situation.

Here, we give two empirical examples. The firsamsexample of side-by-side cross-country
analysis using EUROMOD from Avram et al. (2013)isTéompares the distributional effects
of the fiscal consolidation measures taken in Eneopean countries in the period up to 2012
from the start of the financial and economic crf8iBigure 6 shows the percentage change in
average household income due to the measures atlmesgsimulated) 2012 income
distribution. The measures include different mixd#sincreases in income tax and social

contributions and cuts in public pensions, othaehdaenefits and public sector pay.

2 These matter, not only for their immediate effect income inequality but also because they may have
consequences for the political acceptability of theasures (Perotti, 199@&nd for the macro-economic
recovery (Paulus et al., 2013

59



Figure 6. Per centage change in household disposable income dueto fiscal consolidation
measur es 2008-12 by household income decile group
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Notes: Deciles are based on equivalised househ@dgodable income in 2012 in the absence of fiscal
consolidation measures and are constructed usiegnibdified OECD equivalence scale to adjust incofoes
household size. The lowest income group is labéllédand the highest “10”. The charts are drawn to
different scales, but the interval between gridiiren each of them is the same. Source: Avram €R@1.3)
using EUROMOD.

Four things are striking about this figure and seiy demonstrate the added value of cross-
country comparisons of this type, relative to sngbuntry studies. First, the scale of the
effect varies greatly across the countries (nativag the country charts are drawn to different
scales but the grid interval is uniformly 2 pereg# points), ranging from a drop in income
on average from in 1.6% Italy to 11.6% in Greececdddly the choices made by
governments about which instruments to use difteoss countries. Thirdly the incidence of

the particular changes is not necessarily as ogatrexpect a priori. For example, increases
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in income tax have a roughly proportional effecmany countries and are concentrated on
higher income households only in Spain and the WKnigght be expected a priori. Cuts in
(contributory parental) benefits in Latvia part@ty target the better off. Finally, the overall
distributional effects range from broadly progreesn Greece, Spain, Latvia and the UK to

broadly regressive in Estonia.

The second example is of a policy swap, showingtwdauld happen to child poverty in

Poland under a range of child and family tax-bdrefiangements compared with the actual
2005 system including a reform introduced in 200id @éhe revenue-neutral alternatives
offered by scaled down versions of the Austriaeneh and UK systems of child and family
support (Levy et al., 2009). As Figure 7 shows, ahthe alternative policy systems would
have reduced child poverty by more than the ac20@l7 reform (costing the same). The

French and UK systems would perform especially Wweth this perspective.

As well as EUROMOD there have been other multi-¢gumitiatives to construct and use
microsimulation models. These include a Latin Areni project that built separate models
using a range of software and approaches for Br@hile, Guatemala, Mexico and Uruguay
(Urzua, 2012). A WIDER project has constructed nietieat are available in simplified form
on the web for ten African countriésTo our knowledge neither set of models has beed us
for cross-country comparisons of the effects of gmn reforms or for policy swap exercises.
In contrast there is an ongoing collaboration amsmge of the Balkan countries to make use
of the EUROMOD platform to build models with thepdixit intention that they will be used
for comparisons. The Serbian model SRMOD is thst ftompleted step in this process
(Ranielovi¢c and Raké, 2013) followed by the Macedonian model, MAKMOD d¢)oska
Blazevski et al., 2013). Similarly, the South A&t model SAMOD, again using the

EUROMOD platform, (Wilkinson, 2009) has been joirsda sister model for Namibia (NA-

% http://african-models.wider.unu.edu/
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MOD), with the aim, among other things, of modelitborrowed” policies that have been

successful in a South African context (Wright et 2014).

Figure 7. Child poverty in Poland under alternative tax-benefit strategies
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Notes: Poverty is measured using FGT indexes aftl @0median household disposable income as therfyove
threshold. Source: Levy et al. (2009) using EUROMOD

4. Challengesand limitations

4.1. Reconciling simulated income with recorded income and macr o statistics

A common problem when using micro-data from survieysthe analysis of policies and

income distribution is that aggregate values (efgyross earnings or income taxes) do not
match estimates from National Accounts or otherssiof macro-economic statistics. This
problem also applies to microsimulation studiesebdagn survey data, with one exception.

Tax-benefit model calculations of benefit entitlerteemay match administrative totdistter
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than information on recorded receipt in the ddtéhere is a problem of under-reporting of

these sources of income in the survey.

Chapter 12 considers the reconciliation of housttsalveys and national accounts. Here, we
focus on a somewhat different issue, also relaigtig plausibility and usability of empirical
findings. This is that the simulated income disttibn is not identical to the income
distribution that is measured using the underlysugvey (or register) micro-data directly.
Typically measures of income inequality in microslated estimates, using the same micro-
data and the relevant policy year, are lower. Adpests in the simulations for the non take-
up of benefits and for tax evasion go some waetiucing the discrepancy and these issues
are discussed in section 4.2. However, they appaao be the full explanation and it is clear
that the contributory factors differ across cowgrilndeed, in some countries for particular
datasets and policy years the differences are sfoalexample, Figari et al. (2012a) show
this to be the case for four EU countries usingadeim the EU Statistics on Income and
Living Conditions (EU-SILC) and EUROMOD. Howeveiighs by no means always or often
the case and reconciling simulated with recordéidheses is an important component of both
the process of building a tax-benefit model anddeding the content of micro-data from

surveys.

As alluded to above, there is evidence that sonneegs under-report recipients of some
major cash benefits, when compared with adminisgatatistics® If the reason for this is
failure to report these sources of income by recits then simulated benefits may perform
better, generally leading to higher incomes atlitbtom of the distribution and suggesting
that the survey over-estimates income inequality.ilustration from the UK is provided in

Box 2.

% For the UK seehttp:/statistics.dwp.gov.uk/asd/frs/2008_09/frsDQ009_report.pdf Table M.6. The
increasingly used practice of linking surveys tanadstrative sources of income data should reddmee t
prevalence of this problem.
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Box 2: Benefit recipients in the UK: comparing microsimulation estimates
with survey responses and administrative statistics

The UK Family Resources Survey (FRS) data which is used as input by all the main UK tax-
benefit models under-estimates recipiency of some benefits by as much as 30% in the case
of Pension Credit, as shown in the table below.* Simulations using the UK component of
EUROMOD based on the same data halve the amount of the discrepancy for Pension Credit.
The simulations take account of non take-up by applying official estimates for each benefit
and client group. Simulations are also closer to the administrative data values in the case of
Housing Benefit (where the shortfall is 2% compared with 19% in the data) but in the case of
Working Tax Credit the simulated shortfall is larger. The entitlement here mainly depends
on being in low paid work over the year allowing families to meet the eligibility criteria for
Working Tax Credit for short periods which is not captured by the simulations based on
current income and circumstances. For the other two payments shown in the table,
EUROMOD over- rather than under- estimates recipiency. The over-estimation of Child Tax
Credit recipients is to some extent explained by the administrative statistics not containing
some long-term recipients of Income Support, whose child payments are still waiting to be
migrated to the tax credit system. Most simulated and non-simulated benefits are included
in the means-test for the Council Tax Benefit: its overestimation is expected to the extent

that some non-simulated benefits are under-reported and tax credits are under-simulated.
Clearly, simulating receipt is not a solution in itself and a comprehensive reconciliation
needs other benefit-specific factors to be taken into account.

Numbers of recipients of selected UK benefits in 2009/10: estimates from Family
Resources Survey (FRS), EUROMOD and administrative statistics (thousands)

Administrative Ratio Ratio
FRS EUROMOD statistics FRS/external EUROMOD/external

Working Tax 4 g4 1615 2,240 0.80 0.72
Credit
Child Tax 3,700 4,951 4,090 0.90 1.16
Credit
Pension 1,800 2,337 2,580 0.70 0.85
Credit
Housing 3,700 4,474 4,550 0.81 0.98
benefit
Counciltax ¢ 15 6,331 5,570 0.92 1.14
benefit

Source: EUROMOD version F6.20 with adjustments for non-take-up, using Family Resources Survey 2009/10
updated to 2010/11 incomes.

* After adjusting the administrative statistics for recipients not living in UK private households in the case of
Pension Credit.

64




Shortfalls in reported receipt of means-tested avelbenefits compared with administrative
information are also found in US surveys, on adargcale (Meyer et al., 2009). Wheaton
(2007) uses microsimulation to calculate entitlemamd then to calibrate the numbers of
recipients so that they match administrative dteis The result is a large increase in the

estimated extent of poverty reduction due to tlog@ams in question.

However, as illustrated in Box 2, under-reportirfgbenefit income may not be the only
source of the problem. If part of the reason fa #ihortfall in the survey is that benefit
recipients are more likely to be non-responderiten tmicrosimulation of eligibility and

entitlement is unlikely to solve the problem onatsn and benefit recipiency estimates will
still not match administrative information. In thiase re-calculation of the survey weights
including controls for characteristics that areretated with benefit receipt and also under-
represented in the survey may in principle pro\adsolution, if such characteristics can be
identified and external information is availabledontrol the process. This is not often the

case.

There are many possible reasons for discrepanoiesach simulated income component.
Here we discuss income tax as an important exarfpigt, survey estimates of income tax
may not relate to the current year or may includy avithholding taxes. Second, survey
gross incomes (and hence taxes) may have beenathfraim net income (see also section
2.1) but their quality and consistency with caltiglas in the tax-benefit model is usually
difficult to establish due to detailed documentatimt being made available. We might also
expect some discrepancies when compared with fdat. Such comparisons necessarily
take national specifics into account, including thature of the tax structure and
administration as well as the questions askedarsthivey. The nature of the comparison and
the conclusions that are drawn also depend on whé#tal data are available at micro-level

and whether they can be matched to the surveydditian the fiscal data themselves may
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not provide a fully reliable benchmark, especiaifythey are based on samples of
administrative data or if the administrative prac#sat generates them is not comprehensive
or consistent. We provide a case study in Appemldixased on a published table of fiscal

statistics, for the UK.

Microsimulation estimates of income taxes may berowr under- estimated relative to what
is shown by fiscal data. For example, income tay b®under-estimated because the market
incomes that make up the tax base are under-reportéhe survey does not adequately
represent high income taxpayers. In this case atgrof income distribution are sometimes
adjusted by inflating incomes at the top of theribstion, informed by fiscal data. This is the
case for the official estimates of poverty and meodistribution produced by the UK
Department of Work and Pensions (DWP, 2013) thabhghsame adjustment is not (to our
knowledge) applied in UK tax-benefit models. In tast, the French model TAXIPP merges
micro-data and statistics from many sources for iftput databasé’ This includes
information on top incomes specifically to captemrectly the very top of the distribution

and particularly the taxes paid by that sectiothefpopulation (Bozio et al., 2012).

Income tax may be over-estimated because of tagi@vdhat has not been modelled (see
section 4.2). It may be over-estimated becausenbt possible to model or measure the size
of some tax reliefs and common avoidance measlinesy also be under- or over-estimated
in line with other simulated income components Wwhace taxable. Combinations of these
factors may occur and indeed it is possible fordineulated tax aggregate to match well that
from fiscal data but for the distribution of taxigh@o be very different — see Appendix B for
an example of this. In addition, estimates of groseme and tax liability from fiscal data

themselves may be subject to error, due to tax@vas

2T hitp://www.ipp.eu/en/tools/taxipp-micro-simulation/
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Time periods for income assessments are also ianortn surveys that collect current
income (as in the UK) which is mainly from a refeze time period of a month, the
simulation of income tax must assume that the samethly income was received all year
and will not identify cases with tax liability fopart of the year. However, the survey
response for those with part year incomes will, least in principle, indicate the
correspondingly lower or higher tax payments, alyeadjusted for part-year incomes. The
UK is unusual in collecting short-period currentome. Most income surveys ask about
annual income (in the previous year) which is thprapriate reference time period for the
calculation of tax liabilities. However, it mussalbe used to simulate the income assessment
of social assistance and other means-tested befafitvhich the relevant period is generally
much shorter than one year. This leads to fewesdimids being simulated to receive these

benefits than shown in the data.

Generally, simulations are only as good as the nyidg micro-data and, in the cases where
they are necessary, as good as the imputationadjustments that must be carried out in the
absence of all the necessary information. Thisiin tlepends on the specifics of the national
benefit and tax systems as well as the qualithefdata. In some circumstances it might be
appropriate to calibrate and re-weight to try adpist the baseline simulated distribution of
income and its components to match that given bydtta directly. Generally, however, such
an approach will distort the estimatescbbingedue to a policy reform. A better approach is
to try and understand the source of each probledhrt@make adjustments that can be applied
in a consistent way, and with transparent assumgti@cross policy scenarios. This
highlights the importance not only of validationdaadjustment but also of documenting the
process so that users of the models and reader®@dél applications can make their own

assessment, based on the research questions at hand
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4.2. Modelling non take-up and non-compliance

One particular challenge arises with benefit ndeetap and tax non-compliané&This is
because there is no natural data source with éxjplformation about these phenomena and
modelling each is highly context-specific. Accougtifor take-up and non-compliance
behaviour in tax-benefit models is important aaffects estimates of fiscal aggregates (i.e.
total benefit expenditures and tax revenues) beh @vore importantly as it can affect various
parts of the income distribution in a different wdyurthermore, take-up and compliance
behaviour are likely to be affected by tax-benpébticy reforms and, hence, are themselves
endogenous factors in the analysis. Even if mionatation models commonly assume full
take-up and compliance this has an important irapba for cross-national comparisons as
results are unlikely to be consistent, as londhagptevalence and patterns of non take-up and

non-compliance vary across countries.

Benefit non take-up refers to the situation whéraesé eligible for a given benefit do not
successfully claim it for various reasons. Thislddae simply due to people not being aware
of their entitlement (or even the existence of dipalar form of public support), being put
off by a complex or time-consuming claiming progessrelated to social stigma, i.e. not
wanting to appear vulnerable and dependent on Stlsepport. In an economic context,
these factors can be summarised as implied cdstedeo take-up (Hernandez et al., 2007).
Another likely key determinant is the size of theitlement (Blundell et al., 1988), both in
absolute terms and relative to other income soumndswealth of the claimant. Benefit take-
up tends to be higher for universal benefits as diagming process is simpler and the
associated social stigma lower. Arguably, people m@uost likely to claim contributory
benefits (e.g. for old age and maternity) as thasedirectly linked to their own previous

contributions and, hence, entitlement is perceite@de more justified, while take-up of

28 Benefit take-up is also referred to as welfardigiaation, especially in the studies on the US.
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means-tested benefits tends to be lower. Therefassuming full take-up can distort
comparisons between various benefits and make demefits seem more effective than in
fact they are. It also matters how extensive and-established the benefit scheme is, as this
contributes to the spread of knowledge among thaulption. A related phenomenon is
benefit leakage, meaning that a benefit is recebsethose who should not be eligible. This
could either indicate an unintentional error ondebf the benefit administrator or claimant,

or benefit fraud.

Studies estimating the scale and determinants oéflietake-up require information on
eligibility for a given benefit and actual benedivards. As benefit eligibility is not directly
observed (for a wider population) it must be iréerfrom relevant individual and household
characteristics on the basis of benefit rules — asdsuch constitutes a microsimulation
exercise in itself. Depending on the nature ofrthes, especially when income means-testing
is involved, there can be complex interactions wather tax-benefit instruments as well as
with tax compliance. It is difficult to over-emphse the importance of data quality in this
context, and most precise estimates can presunisblgbtained with administrative data
providing information as close as possible to tms#d by the welfare agencies, as well as
actual benefit receipt (e.g. Bargain et al. 20E)r this to cover all potentially eligible
people and not just claimants, it implies that ages rely (mainly) on information from
existing registries (e.g. tax records) rather thata collection from the claimants. Even then
it can still leave some scope for simulation erfiothe claiming process involves e.g.
discretion on behalf of officials awarding benefigr example, local social welfare offices
are in some countries given a considerable levealisdretion in deciding who is in greater
need and, hence, more qualified for public suppgort.the other hand, there could be also
errors made by the program administrators in tisesmnent of the eligibility, resulting in an

incorrect approval or rejection of the claim.
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This type of administrative data, if it exists, usually not accessible and most empirical
studies have relied on survey data instead. Thexehawever additional challenges with
survey data due to potential measurement errdnarobserved benefit receipts and relevant
other characteristics affecting the eligibility atie® entitiement calculation — see also section
4.1. For example, survey respondents may have gifopjotten the receipt of a particular
benefit, associated it with an incorrect period bmmefit type, or intentionally left it
unreported (e.g. because of social stigma). Tiseoften also a time delay between becoming
entitled and receiving a first payment. Thereformeeful assessment and cleaning of benefit
data is usually required (e.g. Hancock and BarkK€52 Matsaganis et al., 2010). Similarly,
individual and household characteristics relevamt determining benefit eligibility and
entitlement might be reported with error, espegiather income sources and/or assets in the
case of means-tested benefits. There have beenaofdw attempts to model the various
errors explicitly (Duclos, 1995 and 1997; Hernandeml Pudney, 2007; Zantomio et al.,

2010).

The modelling of benefit take-up becomes even numm@plicated when considering the
receipt of multiple benefits (e.g. Dorsett and Hed®91; Hancock et al., 2004), interactions
with labour supply (e.g. Moffitt, 1983; Keane andffikt, 1998; Bingley and Walker, 1997
and 2001) or dynamics in the take-up behaviour. Blgnk and Ruggles, 1996; Anderson
and Meyer, 1997). Analyses combining several ofe¢haspects are rare, e.g. Chan (2013),
and avoiding behavioural responses in other dinsassisuch as labour supply, is one reason
why many of the recent advances in take-up modghi@ve concentrated on take-up among
the retired or others unable to work (e.g. Hernarated Pudney, 2007; Pudney et al., 2006;
Zantomio et al., 2010). Much of the applied resednat has been done is for the UK and US
(see above), but, among others, there are alseestfm Canada (Whelan, 2010), Finland

(Bargain et al., 2012), Germany (Riphahn, 2001;cBmeier and Wiemers, 2012), Greece

70



and Spain (Matsaganis et al., 2030For recent reviews, see Hernanz et al. (2004) and

Currie (2004).

Despite general progress with modelling take-upieihains a challenge to deal with in
microsimulation models due to the data requiremantscomplexities involved. Ideally, tax-
benefit models should treat take-up endogenouslgiimulations, as policy reforms can
change take-up behaviour (e.g. Zantomio et al.0R(8uch attempts remain scarce; see e.g.
Pudney et al. (2006). A second best approach iprédlict the probability of take-up
conditional on personal characteristics which ase affected by policy changes and hence
remain constant in policy simulations. To predaitdé-up on the basis of previously estimated
statistical models the same explanatory variab&egirio be present in the data used for the
tax-benefit model. Furthermore, take-up is highiscuumstantial and a prediction model
developed for one benefit in one country is unjikéd perform satisfactorily for other
benefits or countries. A simpler approach used comynto account for incomplete benefit
take-up in tax-benefit models is to assign takeammlomly among the group of eligible units
for a given benefit such that the aggregate takeatgy matches that in official statistics or
previous studies (e.g. Redmond et al., 1998; Slattetret al., 2008; Hancock and Pudney,
2014). This is obviously a rather crude approactoamse people are more likely to claim than
others and, hence, it may not be sufficient torafiggregate benefit expenditure with official
statistics, particularly if take-up is correlatedhwthe level of entittement. Another option is
to link benefit entitlement to the observed recaipich, however, seriously limits the scope

for simulations.

Tax non-compliance (or tax evasion) is the othde ©f the coin and refers to intentional

effort to lower tax liability in unlawful ways. Inhe context of tax-benefit models, this

29 A number of US studies have focused on non-casgrams such as Food Stamps (e.g. Daponte et 8b; 19
Haider et al., 2003) or The Special Supplementatitian Program for Women, Infants, and Childreng(e
Bitler et al., 2003).
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concerns primarily income tax and payroll tax ewasin the form of under-reporting taxable
income or over-reporting (income tax) deductionempared to benefit non take-up, this is
an even more challenging issue for several reagorst, while take-up is binary by nature
(i.e. an eligible person either claims or not), taxnpliance is often partial. Second, there is
no single data source which would allow the preassasurement of tax evasion — while tax
records contain income reported to the tax autpotitue” income remains unobserved.
Third, evading taxes may also affect how relatezbmnes are reported to surveys. These
constraints point towards the need to combine diideumultiple data sources to study tax
evasion and help to explain why hard empirical enmk at the individual level is very

scarce.

Studies estimating the extent and determinantsofnbn-compliance by individuals have
mainly relied on audited tax records (e.g. Clo#elt1983; Feinstein, 1991; Erard, 1993 and
1997; Erard and Ho, 2001; Martinez-Vazquez and Ri@605). Although tax audits are
designed to detect tax non-compliance, these areatiyy not carried out randomly and target
those more likely to evade on the basis of ingi@leening. Repeated and extensive random
tax audits, from which insights into tax evasion b& inferred for a broader population, have
been primarily carried out in the US. However, ewmlits are unable to detect all non-
compliance, especially income under-reporting wheash transactions are involved, and

usually have very limited information on individugiaracteristics.

Surveys offer a much richer set of information owlividuals but usually lack a good
measure of non-compliance. Some surveys includéicexguestions on compliance (e.g.
Forest and Sheffrin, 2002) but given its sensitithte reliability of such self-reported data is
unclear (Elffers et al., 1992). On the other hatddies such as Pissarides and Weber (1989),

Lyssioutou et al. (2004) and Hurst et al. (2014)eneelied on indirect methods, employing
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econometric models which contrast surveyed inconteansumption. These, however, are

inevitably cruder and allow for a less detailedlgsia of compliance.

Finally, laboratory experiments are common in tarpliance research, see e.g. Alm et al.,
(1992, 2009, 2012); Laury and Wallace (2005). Whabgperiments allow one potential

determinant to be isolated from the rest and feamr conclusions to be drawn about
causality, it is unclear how well conditions in taéoratory reflect the actual behaviour, not

least as the subjects are typically students witeobstantial experience of paying taxes.

Overall, there is substantial evidence on factofisieéncing people’s decision to evade taxes.
There are also studies showing that tax non-comgdias more prevalent for income sources
which are less easily tracked by the tax authosiég Klepper and Nagin (1989) and Kleven
et al. (2011). For example, the extent of undeorpg income from self-employment is

notably higher compared to wages and salarieseakatter are usually subject to third party
reporting (i.e. by employers), which reduces oppaties for evasion (though does not
necessarily eliminate these). Fewer studies hamestl on the distributional implications of

tax non-compliance (e.g. Johns and Slemrod, 20b@yrienberg and Duncan, 2013), some in
combination with microsimulation modelling (Benedakd Lelkes, 2011; Leventi et al.,

2013). For reviews of theoretical and empiricaritture on tax evasion, see Andreoni et al.

(1998), Slemrod (2007) and Alm (2012).

However, given the highly specific datasets tha aften involved in the study of tax
compliance, it is not straightforward to utiliseepious findings in tax-benefit models nor is it
easy to provide own estimates with the type of da@mmonly used for microsimulation.
This helps to explain why attempts to account & non-compliance in tax-benefit models
seem to remain very limited (e.g. Ceriani et 812, Matsaganis and Leventi, 2013). On the

other hand, this may partly also reflect the f&ett tmicrosimulation studies lack details on
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such adjustments. Therefore, the first step towamgsoving the modelling of tax non-
compliance (as well as benefit take-up) is incregsiansparency about how this is handled

(if at all) in existing models and studies.

4.3. Assessing the reliability of microsimulation estimates

The overall credibility of a microsimulation model simulating the effects of a given tax-
benefit policy encompasses different aspects, safmaich are interrelated, and include the
application of “sound principles of inference inetlestimation, testing and validation”

(Klevmarken, 2002).

First, the reliability of a microsimulation modes$ iclosely tied to its validation and

transparency which is indicated by the extent tictvithe internal features of the model and
the validation of the results against externalistias are documented. Unfortunately, a high
level of transparency does not characterise martfieofnicrosimulation models used in the
academic and policy literature, which tend to bl¢k boxes”. Good practice is to provide a
detailed description of all tax-benefit componesitsulated, including details of assumptions
used as well as information about the input dathratated transformations or imputations.
Documented validation of the output against exfestatistics on benefit recipients and
taxpayers and total expenditure/revenue is alson@ortant component of the informed use

of microsimulation models.

Nevertheless, such validation is not a comprehenassessment for three reasons. First, as
illustrated in section 4.1 above, microsimulatiatireates and the information available in
official statistics may not be comparable conceptu&econdly, in some countries limited
external information is available and in all iregely available without a time delay. Thirdly,

while it is possible to validate results for exigtiand past systems it is usually not possible to
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find independent estimates of the effects of polieforms. A correct baseline does not

ensure that the model or its input data can cdyrestimate the effect of a reform.

Second, as mentioned by Wolf (2004), a persistailurée of most microsimulation

applications is the lack of recognition of the dmgof statistical uncertainty associated with
the results, some inherent in the sampling protests underlies the input micro-data and
some propagated from simulation errors and estiongsrameters. The accuracy of the
underlying data, the correct and detailed represient of the tax-benefit rules and the actual
implementation of the policy parameters in the dation code determine the point-estimate
of the simulated policy. Nevertheless, the corneietrpretation of the results should take into
account their statistical inference — an aspeetofieglected in the microsimulation literature
— which also depends on the nature of the modelndradher it is purely deterministic or also

involves probabilistic or econometric specificagon

To start with, simulations are subject to the salagree of sampling error, measurement
error, and misreporting as any other analysis basedurvey data. On the one hand, as
discussed in section 4.1, simulations can imprineeaccuracy of results by simulating the
exact rules rather than relying on observed vau@sh might be misreported. On the other
hand, the simulation process can introduce otherces of errors due to, for example,
approximations in the simulation of tax benefitasjladjustments for non-compliance or non-
take up, uprating of monetary parameters and stemegraphic characteristics to the

simulation year or ignoring behavioural respongasarket adjustments.

In the case of simulation of the first-order effeof policy changes, Goedemé et al. (2013)
argue that the lack of attention to the statistszghificance of the results is undesirable and
unjustified due to the availability of standard tines embedded in most standard statistical

software. Moreover, when comparing the statistedated to different scenarios, they show
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the importance of taking into account not only faenpling variance of the separate point
estimates but also the covariance between simulatddbaseline statistics which are based
on the same underlying sample. This can lead tererglly high degree of precision of

estimates of the effects of a reform on a partrcsiatistic of interest.

The situation is much less straightforward in theecof more complex simulations involving,
for example, revenue-neutral reforms or behaviotgattions which add additional sources
of uncertainty due to the use of estimated wagesr&b construct the budget set and the
preference parameters estimated using econometdelsy Despite the growing literature on
estimation of labour supply effects of policy chasgsee section 3.3), there are only a few
examples of studies focussing on the analyticgbgnties of the sampling distribution of the
microsimulation outcomes which are affected by s$ation uncertainty and estimation
uncertainty. The former stems from the simulatediah set that can be different from the
one that an agent would choose in reality. Themedion variability comes from the
sampling variability of the estimated parametershef labour supply model (Aaberge et al.,
2000). Pudney and Sutherland (1994) derived thmpiotic sampling properties of the most
important statistics usually reported in microsiatidn studies taking into account the
additional uncertainty introduced by the impositmfirevenue neutrality in the construction
of the confidence intervals. Pudney and Suther(d®®6) augmented the previous analysis
deriving analytically the asymptotically-valid caaénce intervals of a number of statistics of
interest allowing for errors associated with sangplvariability, econometric estimation of
parameters of a multinomial logit model of femalbdur supply and stochastic simulation in
the calculations. They concluded that the sampingr is the largest source of uncertainty
but parameter estimation errors may add additiamadertainty which undermines the

practical use of such behavioural models.
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The complexity of the analytical solution assodlatgith very detailed microsimulation
model, rather complex policy simulation and soptéged econometric models has lead to
the use of more tractable empirical approachesedyret al. (2007) opted for a simulation
approach to approximate the sampling distributidnstatistics of interest based on the
sampling distribution of the estimated parametéh& approach relies on a number of draws
from the parameter distribution of the underlyirehavioural model. Moreover, they suggest
a simpler and more practical approach in which fimectional form of the sampling
distribution is assumed to be normal, requiringreals number of draws from the parameter

distribution and leading to generally accurate itesu

Furthermore, to avoid having to assume the nornsdtiloution for stochastic terms, and
exploiting the increasingly available computer powassessing the statistical reliability of
the estimates now commonly relies on re-samplinghats such as the bootstrap which
allows one to obtain a set of replicated economefstimates used in one or more simulation
runs, whose variance is used to capture the vétjabf the statistics of interest. Although
the additional uncertainty added by behavioural ellod) is not found to be critical for most
analysis (e.g. Bargain et al., 2014) there areorea$or concerns when the estimates refer to

specific small demographic groups and further dgu@lents in this research area are needed.

5. Broadening the Scope

5.1. Extended income, consumption and indirect taxes

Although disposable income is the most used indicaf living standard, it is widely

recognised that economic well-being is a multidisienal concept (see Chapter 3 on
Inequality, income and well-being by Fleurbaey &).aThe economic value of the

consumption of goods and services, including ihtarsehold transfers, in-kind benefits and
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homeowners’ imputed rent related to the main accodation, is often considered a better
indicator than income to measure individual weliRigeon both theoretical and pragmatic
grounds (Meyer and Sullivan, 2011). The exclusibrcansumption expenditure and non-
cash income from empirical studies of the redistiie effect of the tax-benefit systems
might also hamper cross-country comparison givendifferent degree of monetisation of
the economy across countries. Moreover, the digidbal impact of policy changes may be
rather different if non-cash incomes and indireakes are included with important
implications for the design of policies aiming tght poverty and social exclusion, since
such an omission may lead to imperfect targetingl amisallocation of resources.
Notwithstanding their importance, most microsimialatmodels do not include either in-kind

benefits or indirect taxes, mainly due to datati#tons.

In-kind benefits, such as services related to chiid elderly care, education, health and
public housing, represent, in European countribsut half of welfare state support and
contribute to reducing the inequality otherwiseaskied in the cash income distribution. The
economic value of public in-kind benefits can beuied at individual or household level on
the basis of per capita spending considering trexame cost of public services (such as
providing care and education services), the gaimfpaying below-market rent or no rent at
all for public housing or the risk-related insuran@lue approach that considers public health
care services equivalent to purchasing an insurpabey with the same cost for individuals
who have the same socio-demographic characteri§ess Aaberge et al. (2010a) and Paulus
et al. (2010) for empirical evidence across Eurapeauntries and for methodological
insights on the derivation of needs-adjusted edenee scales which are more appropriate
for extended income. However, survey data usuadlyndt include enough information to

simulate changes in the value of the benefit dugotcy reforms, nor take into account the
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real utilisation by the individual, the quality e public service, or the discretion in the

provision usually applied by local authorities (Aafe et al., 2010Db).

A more comprehensive measure of individual commawet resources should include the
income value of home ownership as well. This isabee the consumption opportunities of
homeowners (or individuals living in reduced orefrent housing) differ from those of other
individuals due to the imputed rent that represevitat they would pay if they lived in
accommodation rented at market prices. The inatlusibimputed rent in microsimulation
models is becoming more common due to the refinéraenifferent methods to derive a
measure of imputed rent (Frick et al., 2010) arsdd @ renewed interest in property taxation.
In a cross-country perspective, Figari et al. (2f)12nalyse the extent to which including
imputed rent in taxable income affects the short distribution of income and work
incentives, showing a small inequality-reducingeefftogether with a non trivial increase in
tax revenue. This offers the opportunity to shiie fiscal burden away from labour and to

increase the incentive to work for low income induals.

Indirect taxes typically represent around 30% ofegament revenue. With only few
exceptions, household income surveys used as dgtatfor microsimulation models do not
include detailed information on expenditures eith@eventing micro-level analysis of the
combined effect of direct and indirect taxatione®olution usually adopted to overcome this
data limitation is to impute information on expemndes into income surveys (Sutherland et
al., 2002). Decoster et al. (2010, 2011) providiecaightful discussion of the methodological
challenges and a detailed explanation of the proeedmplemented in the context of
EUROMOD for a number of European countries. Dethileformation on expenditure at
household level is derived from national expenditsurveys where goods are usually
aggregated according to the Classification of litilial Consumption by Purpose (COICOP),

identifying, for example, aggregates such as f@othate transport, durables. The value of
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each aggregate of expenditure is imputed into ircenrveys by means of parametric Engel
curves based on disposable income and a set of oansmcio-economic characteristics
present both in income and expenditure datasetordier to prevent an unsatisfactory
matching quality in the tails of the income-expeéad distributions, a two-step matching
procedure can be implemented by first estimatirgy tttal expenditures and total durable
expenditures upon disposable income and socio-dexpbig characteristics and then
predicting the budget share of each COICOP categbryoods. Moreover, the matching
procedure takes into account the individual properisr some activities, such as smoking,
renting, using public transportation and educaservices, which are not consumed by a
large majority of individuals. Individual indiret¢ax liability is then simulated according to
the legislation in place in each country, consiugra weighted average tax rate for each

COICOP category of goods imputed in the data.

Most microsimulation models that include the sintiola of indirect taxes rely on the

assumption of fixed producer prices, with indireotes fully passed to the final price paid by
the consumer. To relax such an assumption one ¢hgulbeyond a partial equilibrium

framework and link the micro-simulation models taaro models (see Section 3.4) in order
to consider the producer as well as consumer ragptmspecific reforms or economy-wide
shocks. There is some variety in the ways in whigh models deal with the estimation of
changes in spending patterns due to the simulaams (Capéau et al., 2014). Some
models simulate only a non-behavioural first roungact (i.e. quantities or expenditures are
kept fixed at the initial level) while others estite partial behavioural reactions taking into
account the income effect on demand for goods amdices by means of Engel curves
(Decoster et al., 2010) or even full demand systacesunting for the real income effect and

the relative price effects (Abramovksy et al., 2012
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The inclusion of indirect taxes also raises thestjae of how to measure their incidence.
Table 1 shows the incidence of indirect tax paymséot three European countries expressed
as a percentage of disposable income and as anpmgeeof expenditure, by decile of
equivalised disposable income. In the first casee (the left panel of the table) the
regressivity of indirect tax payments is clear: oandividuals pay a larger proportion of
their income in indirect taxes compared to richedividuals mainly due to a larger
propensity to consume, or even dissaving refletiedhe average expenditures exceeding
incomes for the individuals at the bottom of theame distribution (Decoster et al., 2010).
However, survey data might suffer from measurereenatr, in particular from income under-
recording (Brewer and O’Dea, 2012), which couldegivmisleading snapshot of the income-

consumption pattern at the bottom of the incomg&idigion.

Table 1. Incidence of indirect tax payments

Income As % of disposableincome As % of expenditures

decile Belgium Greece UK Belgium Greece UK
1 15.3 37.7 20.2 11.3 135 13.9
2 12.0 23.4 135 11.8 13.9 14.0
3 11.7 19.8 12.6 12.1 14.3 13.8
4 11.6 18.4 12.4 12.5 14.2 13.8
5 114 17.6 11.8 12.7 14.2 141
6 11.0 16.0 11.6 12.8 14.1 14.3
7 10.9 16.0 11.1 13.1 14.6 14.5
8 10.8 14.9 10.7 13.3 14.2 14.7
9 10.5 14.2 9.9 13.5 14.3 14.6
10 9.9 11.9 8.2 13.9 14.1 14.4
Total 11.1 16.0 10.8 12.9 14.2 14.3

Notes: decile groups are formed by ranking indialduaccording to equivalised household disposatt®ine
using the modified OECD equivalence scale. Solmari and Paulus (2013) based on EUROMOD.

In the second case (i.e. the right panel of the}Jamdirect tax payments are progressive and
poorer individuals pay a slightly smaller propontiof their total expenditure in VAT and
excises compared to richer individuals. The maasoa for this is that the goods that are

exempt from VAT or subject to a lower rate (e.godp energy, domestic fuel, children’s
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clothing) represent a much larger share of totahdpg of poorer individuals than of richer
individuals (Figari and Paulus, 2013). The disttibmal pattern of the indirect taxes being
regressive with respect to disposable income aodgptional or progressive with respect to
expenditure reinforces, on empirical grounds, thepdrtance of the choice of the
measurement stick that should be used as a benkhm#re welfare analysis (Decoster et

al., 2010; Capéau et al., 2014).

The potential of microsimulation models that arpatde of simulating direct and indirect
taxes within the same framework is reinforced by tbnewed interest in the tax shift from
direct to indirect taxation in order to enhance éffeciency of the tax system (Decoster and
van Camp, 2001; Decoster et al., 2010). In padiguhicrosimulation models have been
used to assess the distributional consequences“fiscal devaluation”, a revenue-neutral
shift from payroll taxes toward value-added taxest tmight induce a reduction in labour
costs, an increase in net exports and a compressiomports, with an overall improvement

in the trade balance (de Mooij and Keen, 2013; gean Commission, 2013).

Two general considerations arise from the use afesimulation models for the analysis of
the redistributive effects of indirect taxes. Oe thne hand, the actual degree of regressivity
of indirect taxes might be less than that observedrveys tend to underreport income more
than consumption at the bottom of the income distion (Brewer and O’'Dea, 2012; Meyer
and Sullivan, 2011). On the other hand, a moreegyatic use of simulated income values as
generated by a microsimulation model rather thaobsgrved in the data can help in solving
the underreporting of income values, closing the deetween reported income and
consumption and providing a more robust indicatoliving standards for those with a low

level of resources.
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5.2. Dynamic microsimulation and lifetime redistribution

The importance of investigating the “long-rangerelager” of public policies was already
highlighted by Guy Orcutt in the 1950s (Orcutt, T9and pioneered through his work in the
1970s on DYNASIM, a dynamic microsimulation modéltiee US designed to analyse the
long term consequences of retirement and ageingssOrcutt et al., 1976). A number of
reviews survey the existing dynamic microsimulatimadels, the methodological challenges
and the type of uses providing an overall pictur¢éhe evolution of the state of play and
future research directions for interested readdesding, 1993, 1996b; Mitton et al., 2000;

Gupta and Harding, 2007, Harding and Gupta, 200@ntd O’'Donoghue, 2013).

Dynamic microsimulation models extend the time feaaf the analysis in order to address
the long-term distributional consequences of potibgnges, widening the perspective of the
effects of the policies to encompass the individidfatime and addressing questions about
intra-personal redistribution over the lifecycleafding, 1993). Dynamic microsimulation

models typically aim to capture two main factorattbhape the income distribution in a long-
term perspective. First, they cover the changingctire of the population due to evolving

individual and household characteristics (suchgas aducation, household composition) and
life events (such as marriage, household formatbinh, migration). Second, they capture
the interaction of market mechanisms (e.g. laboarket participation, earnings levels) and

the tax-benefit system with such characteristiasaich point in time.

In particular, they are useful tools to analys¢h@ performance of long-term policies such as
pensions and other social insurance programmes asidtealth and long term care, ii) the
consequences of different demographic scenari@s,the evolution of inter-temporal

processes and behaviours such as wealth accunmugattbintergenerational transfers, and iv)

the geographical trend of social and economic aiets/if dynamic microsimulation models
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are supplemented with spatial information (Bourgoiy and Bussolo, 2013; Li and

O’Donoghue, 2013).

The methodological challenges behind a microsinanatmnodel depend on the scope of the
events taken into account and the methodology tssade the population of interest through
the period of analysis. The ageing process canitherestatic or dynamic. With the static

ageing method the individual observations are rgfnted to match existing or hypothetical
projections of variables of interest. The appro&helatively straightforward but it can

become unsatisfactory if the number of variablebeaonsidered simultaneously is large or
if one is interested in following individual tratishs from one point in time to the next (see
also section 3.5.1). The dynamic ageing methoddbuip a synthetic longitudinal dataset by
simulating individual transition probabilities catdned on past history and cohort

constraints that take into account the evolutiorthef socio-demographic characteristics of
interest through the time horizon of the analy&ikeymarken, 2008). The major source of
information for the estimation of the dynamic premes is derived from longitudinal data
available in most developed countries althoughnoftee duration of the panel is not long
enough to observe transitions for large samplesdividuals, the main exceptions being the
long panel data available in Australia, Germang WK and the US. Transitions can be
estimated through reduced form models that incagordeterministic and stochastic
components or simulated taking into account behmaloreactions of individuals to other

changes which occurred at the same time, baseddoridual preferences estimated through
structural models that take into account the endeigg of some individual transition

probabilities (see section 3.3).

The ageing of individual and household characiesstan be implemented as a discrete or
continuous process. The former is usually builtua yearly time intervals; it is more

straightforward but implies that some simulatednésyenight not respect the real sequence.
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The latter is based on survival functions that aersthe joint hazard of occurrence of the

simulated events.

In principle, dynamic microsimulation models alldar analysis which is more in line with
the theoretical arguments in favour of a lifetinpg@ach to the analysis of the redistributive
effects of tax-benefit systems as developed inwedare economics literature (Creedy,
1999a). Nelissen (1998) is one of the few exampldere the annual and lifetime
redistributive effects of the social security systéhere for the Netherlands) are analysed
simultaneously, making use of the same microsinariatnodel that guarantees comparable
simulations of the tax-benefit system in place cwdong period of time. In line with other
research (e.g. Harding, 1993), Nelissen (1998)sfithcht the lifetime redistributive effect is
considerably smaller than the annual incidence wighortant policy implications due to the

different incidence of various pension schemesitiardnt generations.

Due to the complexity of the ageing process, edytyamic microsimulation models tended
not to address the long term implications of polayd policy change on the income
distribution as a whole (i.e. population-based nig)deut rather focussed on specific cohorts
of population (cohort models). Nowadays such airdigbn is less significant due to the
improvements in the modelling set up as well asomiapprovements in available computing
power. However, despite the improvements in dynamicrosimulation modelling, such

models are often perceived as black-boxes makiwgfficult to understand and appreciate
their properties. In particular, the lack of goocbeomic theory and sound econometric
inference methods are thought to contribute to eptstal view of these models by the

economics profession (Klevmarken, 2008).

Two particular research developments charactehnisalynamic microsimulation field. First,

this is an area where international collaboratiares emerging in an attempt to reduce the
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efforts needed to build very complex models. ThéedGycle Income Analysis Model
(LIAM) stands out as a viable option to provideemgral framework for the construction of
new dynamic microsimulation models (O’Donoghue &f 2009) and to be linked to
EUROMOD (and other modular-based microsimulationdet®) in order to exploit the
existing parameterisation of tax-benefit systemstfe European countries (Liégeois and
Dekkers, 2014). Second, most dynamic microsimutatnodels do not include macro
feedback effects and do not have market clearingham@sms that would require ambitious
links to macro models (Bourguignon and Bussolo,3¥0However, due to the number and
complexity of the interactions between many soarad economic variables involved in the
modelling, the integration between dynamic micra anmacro models could introduce too
much uncertainty in the results to make them usafalpolicy context (Li and O’Donoghue,

2013).

5.3. Crossing boundaries. sub- and supra- national modelling

The natural territorial scope for a microsimulatiorodel is a country or nation. This is

because in most countries some or all of the tavetitesystem is legislated and administered
nationally, because the micro-data that are usednasput dataset are representative at
national level, other data used to update, adjodt\alidate the model are usually made
available at national level, and because the ecgrand society are usually assumed to exist
and operate at this level. However, in some coemtpolicies can vary across regions,
sometimes following from (or accompanied by) majlifferences in politics, history and

economic and social characteristics. In some céhsgedata that are especially suitable as the
basis for micro-simulation modelling are only aahle for one region. For these reasons
models may exist for single regions, or nationaldei® may be able to capture regional
differences in policy. Examples of regional or swdiional models include Decancq et al.

(2012) for Flanders (Belgium) and Azzolini et &044) for Trentino (Italy): both are based
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on the EUROMOD framework and the latter exploitsrieh dataset that combines
administrative and survey data. Examples of nationadelling exercises that capture

extensive regional differences in policies incl@into et al. (2014) for Spain.

If the micro-data are representative of each redioen the national model can operate as a
federation of regional models, also capturing aatiamal policy competencies. As well as
simulating the appropriate policy rules regardig&®cation (many models for countries with
regional policy variation simply opt to simulate lipies from a single “representative”
region), these federal models can identify the ieaplflows of resources (redistribution)
between regions as well as within them, given btidgestraints at either national or regional
level. In the US, the most comprehensive in terfnpadicy coverage is the long-standing
microsimulation model, TRIM3, which simulates we#faprograms as well as taxes and
regional variation in programs, making use of a g@n national input dataset: the Current
Population Survey (CPS) Annual Social and Econoipplement (ASECY® See, for
example, Wheaton et al. (2011) who compare thectsffef policies on poverty across three
US states. For Canada, the microsimulation mod&¥M has been linked to a regional
input-output model in order to capture some ofititirect effects of national or provincial

tax-benefit policy changes at the provincial le@meron and Ezzeddin, 2000).

In the European Union (EU) policies in the 28 Mem8ttes vary in structure and purpose
to a much greater degree than across US statelsouglh the EU-SILC data is output
harmonised by Eurostat it is far from ideal asrgyut database for a microsimulation model
(Figari et al., 2007) and significant amounts ofiorzally-specific adjustments are needed to
provide the input data for EUROMOD, the only EU-wianodel (see Box 1). Indeed,
although the supra-national administration of thé lias no relevant policy-making powers

(at the time of writing), analysis which considéine EU (or the eurozone) as a whole is

%0 http://trim3.urban.org
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highly relevant to approaching the design of tardfé policy measures to encourage
economic stabilisation and social cohesion. Analisgio to regionalised national models,
EUROMOD is able to draw out the implications of gutial EU-level policy reforms for

between- as well as within-country redistributidrey et al., 2013), policy harmonisation

and stabilisation (Bargain et al., 2013a), as aglfor the EU income distribution.

At the other extreme, microsimulation methods hdeen used to estimate income
distribution and other indicators for small aredsis relies on spatial microsimulation
techniques (Tanton and Edwards, 2013) or, more ammyn re-weighting national or
regional micro-data so that key characteristicschahose from census data for the small
area (Tanton et al., 2011). The primary policy ak¢hese models in the developed world
generally is to predict the demand for servicehsag care facilities (for example, Lymer et
al. (2009) for Australia and Wu and Birkin (2018) the UK). In circumstances where the
census data provide a good indication of incomel$gwsuch as in Australia, they have also
been used to provide small area estimates of inaistebution and its components (Tanton
et al., 2009). Linkage of the census with houseloidget survey data in the UK has been
used to estimate the small area effects of an aseren VAT (Anderson et al., 2014). A
similar method known as “poverty mapping” has beeplied to developing countries by
Elbers et al. (2003) using household budget sunays census micro-data in order to
monitor the geographic concentration of poverty emévaluate geographic targeting of the
poor as a way of re-balancing growing welfare digigs between geographic areas. See, for

Vietnam, Lanjouw et al. (2013).
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6. Conclusions and outlook for the future

6.1. What has been achieved so far?

Tax-benefit modelling is now in widespread use tovjge evidence in the policy-making

process. Tax-benefit models are used within govemsto provide costings of policy

reforms and impact assessments of distributiondl ianentive effects. They are used to
assess progress towards meeting targets withimamigolicy domains (and may be used to
set feasible targets in the first place). Theyuwsed to explore the implications of alternative
reform options. Other participants in the policyking process (opposition political parties,
special interest groups, NGOs, international orgations and civil society generally) may
also put forward their own perspectives and altdreaproposals on the basis of
microsimulation analysis. All of them may draw dre tgrowing body of microsimulation-

informed economic analysis from academic reseandithin academia, microsimulation is

also now an accepted and recognised part of tHbawan applied public economics, other
branches of applied economics and other disciplsesh as quantitative social policy,
sociology and political science. Evidence for tisigprovided by the increasing frequency of
publication of articles making use of microsimubatin mainstream journals, as is clear from
the references included in this chapter, and redaan microsimulation analysis in the

economic debate as illustrated by the Mirrlees &&\2010).

Microsimulation modelling provides an opportunityr ffruitful links between the policy-

making and academic communities. There are mantanoss where methodological
developments within academic policy-focussed retedrave provided new and more
sophisticated tools that can be adopted for useoligy-making institutions. One example is
the modelling of labour supply responses whicmaeaasingly included in microsimulation

models used by government agencies. There araratces where innovation has taken
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place within government agencies in response tocpér policy needs as well as instances
of the analytical needs of policy-makers providithg impetus for academic developments.
One example from the European Union is the adopifaocial targets for Europe 2020 and
the need to develop methods of forecasting micvetlendicators. Forging such links can
bring additional benefit in the form of more opdraonels of communication with the official
producers and providers of micro-data about thea datjuirements of microsimulation

models and the potential benefits to policy-making.

In our view there are four major strands of techlimethodological achievement and
ongoing progress in the use of tax-benefit microdgition for the analysis of policy and
income inequality. AAormal framework for disentangling the effect of policies on income
distribution is an important step towards helpingunderstand better how various studies
have approached measuring these effects and thesistency. A coherent framework can no
doubt greatly increase the clarity and transparexayicrosimulation studies and facilitate
links with other relevant methodological literatur&éhe devil is in the details and

microsimulation modelling offers these in abundatice

Behavioural microsimulation is no longer limited to the academic sphere ankdag an
increasing impact on policy motivated analysis.thker developments of behavioural models
in terms of policy scope (e.g. extending the ecanomodelling to cover areas such as
housing, mobility and saving) and their robustnkeased on the comparison with ex-post
evaluation studies may strengthen their role inpiblecy and economic debate. Moreover, the
cross-fertilization between the analytical and twmputational approach to the optimal
taxation problem based on behavioural microsimotatmodels could reinforce the link

between public finance theory and applied research.

3L Furthermore, as Spielauer (2011, p. 18) has tefle¢If beauty is to be found in simplicity and thematical
elegance (a view not uncommon in mainstream eca®)mimicrosimulation models violate all rules of
aesthetics.”
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The analysis of tax-benefit policies with a cleapact on the labour market participation and
the evaluation of the impact of macroeconomic showalould clearly benefit from the
availability of counterfactuals that consider feadbeffects between micro and macro
level. A fully integrated micro-macro model, although daog in terms of time and
resources required, is potentially an incrediblywedul tool to go beyond the partial
equilibrium framework in which microsimulation mddeoperate and to disentangle the
effects of macro changes on individual resourced,aso to extend the policy scope of the
analysis through the linkage to e.g. environmem@adiels. However, the practical, conceptual
and methodological challenges are formidable. Egen falling short of full model
integration, improving methods of linking micrositation analysis to macroeconomic data

in various ways has been, and remains, an impqgpehbf the developing toolbox.

Cross country comparisons of the effects of policies, and especially polgwap analysis,

inform our understanding of the variation in efeectf policies in different economic and
socio-demographic contexts and, at the same tirffie;, thhe opportunity for cross-country
“policy learning”. The development of EUROMOD, awother multi-country models, has
facilitated carrying out this type of analysis vehihaintaining comparability of concepts and
measurement and consistency in the operation afyprlles. There is potential to extend the
approach to other global regions than the EU sscboathern Africa, Latin America or the
Balkan region (within each of which, arguably, pgliearning is most relevant). There is
also potential to extend beyond the EU to inclul®&CD countries to aid comparisons, for

example, between the EU and the US.

There is room for improvement and for developmartino key areas. The first relates to the
data and methods that are available for input amd adoption by microsimulation models.
Our understanding of how available micro-data meayrbproved and reconciled with other

information, as well as the potential of new foramel sources of data which may improve the
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guality and scope of simulation or facilitate ligieawith other models (macro, environmental
etc) are areas for attention. In terms of methaglodd improvements, more attention is
clearly needed to assess statistical significanue @liability of results obtained with

microsimulation models drawing on various statatimethods.

The second area for improvement relates to thengsggon of microsimulation activities.

There is much the duplication of effort (with mampdels doing the same or similar things in
some countries), combined with problems of lackafisparency (i.e. lack of documentation,
results that are not reproducible by others). Furttore, most existing models are not made
available or accessible to the people who mightanade of them. The final two sub-sections

explore the outlook for microsimulation and poleyalysis along these two dimensions.

6.2. Data and methodological developments

Microsimulation models require access to appropraatd good quality micro-datasets that
are themselves well-documented and validated agaidependent information. The trend
towards making more use of register (i.e. admiaiste) data to supply information on
income receipt (and in some cases many other Vesigis welcome in the sense that it
reduces measurement problems and under-reportohgaientially frees up resources (e.g.
survey interview time) for the collection of more leetter quality data in other dimensions.
At the same time, such linkage may introduce newblems. It may delay the timing of
delivery of the micro-data if there are limits ometspeed of obtaining and processing
administrative information. Use of administrativéarmation may raise new concerns about
data confidentiality which may result in additioraistrictions on the ways in which the
datasets can be accessed and by whom. There sebettade-offs between using high

precision data and widespread access.
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Technological developments may offer possible wayaind these trade-offs if models and
their micro-level data (both input and output) &sed on a suitably secure server and
accessed remotely. This is a mode of working thas wioneered for income distribution
analysis by LI€? and, in spite of the additional complexities ags®ed with microsimulation
modelling, has also been successfully deployed fheva other cases. These include the
WIDER African models referred to above, as weltvas adaptations of national components
of EUROMOD: Mefisto for Flanders (Decancq et aD12) and Soresi for Austri& In each

of these cases the broad aim of the models isawige access to modelling capacity by civil
society, with the simulation and output optionsecdfl to users structured and restricted
accordingly. More critically in this context, in@acase the providers of the input micro-data
have given permission for such access over the Wwebmains to be seen whether it will be
possible to make use of high-precision administeatiata in this way. Even so, there would
be other technical and pedagogical challenges tovieecome in offering to the public the

full flexibility of a model like EUROMOD using rente access.

More generally there is potential to extend theigyolscope and applicability of

microsimulation models through the statistical éigk of data from different sources. Given
the increasing complexity of tax-benefit systemat tbperate through direct and indirect
taxes, wealth and property taxes, and cash andcasm-benefits, microsimulation models
can help in understanding the overall effect onviddal material well-being only if more

comprehensive surveys become available, crossdtiekgeen various administrative datasets
are utilised further or systematic and rigorous amiaig procedures are implemented and
documented. A prime example is the analysis of dffiects of indirect taxes where any

conclusion about incidence and regressivity of sgakan be easily biased by the data

32 http://www.lisdatacenter.org/
33 http://soresi.bmask.qv.at/Mefisto/#
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inconsistency observed in particular at the tailhe income distribution, see Decoster et al.

(2010) and Brewer and O’Dea (2012).

Finally, making progress on many of the technicdiallenges associated with
microsimulation modelling, most notably the modwgili of take-up and compliance
behaviour, is also inhibited by lack of suitabldadador example, non-receipt of a benefit
entitlement may be explained in many ways rangiognf(among other causes) measurement
error in the survey responses, lack of informatidoout eligibility on the part of a non-
claimant or a decision not to claim due to the £a@dtclaiming. It is likely that the relative
importance of each factor varies with national eshtand specific benefit. Accurate
modelling of the probability of taking up (i.e. eeing, given positive entitlement) a
particular benefit in principle needs to take amg @r many possible causes into account
which typically would be demanding in terms of ttea requirements. Modelling of tax non-
compliance at the individual level is even more derding given the concealed nature of
such activities and a potentially wider range obgible factors and interactions at play.
Progress in these areas can therefore be expechedgatchy and uneven, depending on the

specific problems and the data possibilities.

6.3. Thecasefor acollaborative approach

Few models are accessible beyond their producdrs. [Eads to a proliferation of many
similar models and the (largely wasteful) duplioatof effort that this involves. It also limits
access to models because building from scratchmis tonsuming and requires specialist
skills; there are significant barriers to entryrthermore, the need to provide in the public
domain documentation or validation of models thrat @ssentially private to their producers
is rarely acted upon. This lack of transparencybid proper evaluation of microsimulation-

based studies and lack of access inhibits reprbdigi of microsimulation analysis.
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Together these factors may reduce the chances afosimulation-based studies being
published in the best scientific journals. As Wolfs (2009, p. 29) says:
“.... microsimulation modelling still has not aelied the kind of scientific status it deserves.
One reason is that many potential users are coedeabout the 'black box' nature of
microsimulation models. An important step, therefas for microsimulation modelling to
become a 'glass box' activity, including for exaenpliblic availability of the model and open

source code.”

Models are also expensive to maintain and keep ulate. If there were fewer, better models
that were made generally accessible this would awgr efficiency and quality. A
collaborative approach would also bring the varitypes of use and user closer together and,
with the appropriate level of (technical) modelxilelity could also facilitate innovations
such as model linkages. EUROMOD and TAXSIM provide rather different examples of
models which already take this approach. EUROMOLkanaavailable both tax-benefit
codes and input data to anyone with permissionctess the original micro-data sources,
while TAXSIM provides only the tax code that maylimked to input data of the user’'s own

choosing®*

Of course there are also good reasons why micrdation models are developed as
individually- or institutionally- private investmén In some cases the necessary micro-data
cannot be made available more widely (e.g. in th&ecof government models, especially
those using administrative data). In the academpiee there are few incentives to share
technical developments as public goods in the mattggested, especially if they embody a

large time investment and if they do not themseatagact academic reward.

% In addition there are the web-based simplified e®deferred to above, as well as some web-based
developments including the French model OpenHisiga//www.openfisca.fr/
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If the benefits of an open and collaborative apghnoare to be realised the main challenges
are to find ways of organising and funding suclamgements that take account of the long
term investment aspect, due to the need to maimtendels as well as engage in initial
construction. This would include developing an imoee structure that recognised the
academic value of the work done on the “public gaedearch infrastructure while eliciting
contributions in some form from the users of thedele who might otherwise “free ride”. In
the end, cooperation within the microsimulation oaumity and particularly between
academic researchers and policy makers will comiibto the integration of use of
microsimulation for policy analysis into the mamestm of economic policy-making

(Atkinson, 2009).
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Appendix A: Increasing UK Child Benefit in 2001 and 2013: the net effects

In both 2001 and 2013 the UK Child Benefit was wiied as a universal benefit for all

children under the age of 19 in full time non-adweh education. In both years there were
two rates, one for the oldest child (£15.50 and. Z20@espectively, per week) and one for any
other children (£10.35 and £13.40 respectively vpegk). As an illustration, we double these
values and use EUROMOD to calculate the net budgetsst after the operation of the rest
of the tax and benefit systems, and also show ewngain per child would vary across the

household income distribution.

In 2001 Child Benefit was disregarded by the incdexesystem but was taken into account
for the assessment of Income Support (and incohageteJob Seeker’s Allowance), Housing
Benefit and Council Tax Benefit, some of the maid bheans-tested benefits for working
age people and their families. (Working Familiex Taedit disregarded Child Benefit.) As
the table shows, while the gross cost of the irsraa Child Benefit is estimated as £8.85
billion per year, once the reduced entitlementhése benefits are taken into account, the net

cost falls to £7.01 billion or (79% of the gross).

In contrast, in the 2013 system, Child Benefitiseharded in the assessment of all means-
tested payments but higher-income parents who pegnie tax at the 40% (or higher)
marginal rate have the value of their Child Benigftiuded in their tax calculation. Thus, as
shown in the table, the cost of the increase inddBenefit is offset to a small extent by an
increase in income tax liabilities. In addition,2013 there was a cap on the overall sum of
benefits that could be received by families in saineumstances. This would result in some
families not receiving all or any of their Child Bsfit increase. In 2013 the gross cost of the

increase in Child Benefit is estimated as £11.98obi per year and once the reduced
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entitlements to these benefits are taken into at¢cdbe net cost falls to £11.14 billion or

(96% of the gross).

Gross and net cost of doubling Child Benefit 2001 and 2013

2001 2013
£ million per % of gross £ million per % of gross
year cost year cost

Child Benefit 8,850 100 11,549 100
Income tax 0 0 -290 -3
Income Support -1,606 -18 0 0
Housing Benefit -152 -2 0 0
Council Tax -81 -1 0 0
Benefit

Benefit cap 0 0 -123 -1
Net cost 7,011 79 11,136 96

Source: EUROMOD version F6.20 using Family Resoaigervey data for 2008/9, adjusted to 2001 and 2013
prices and incomes.

There are different distributional consequenceshete differences between gross and net
effects, as shown in the Figure below. This shdwsaverage net weekly increase in income
per child by decile group of equivalised househaltbme under the 2001 and 2013 policy
systems. Under the 2001 system those in the laveeme groups receive less, because some
of the additional income is withdrawn as reducetitlement to means-tested benefit. (This
applies to a lesser extent in the bottom decileignohere families simulated to not take up
their entitlements to means-tested benefits arenlgpndocated.) In 2013 however, it is
children in higher income households who benefiatlesser extent, due to the claw-back
through income tax (the effect of the benefit capsimall and concentrated in the lower-

middle of the distribution).
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Doubling child benefit in the UK: average net gain per child in £/week

2001 2013
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Notes: Deciles are based on equivalised househddgodable income in the respective years and are
constructed using the modified OECD equivalencéesimaadjust incomes for differences in househid and
composition. The lowest income group is labelletdtd the highest “10”. Source: EUROMOD version 6.
using Family Resources Survey data for 2008/9,sad¢lito 2001 and 2013 prices and incomes.

The point of this illustration is to demonstratenhthe interactions matter and need to be
understood in designing policy scenarios. Similatthe policy analyst needs to account for
the interactions in order to understand the effet{solicy changes. If in 2001 a policymaker

had wanted to double the payment made to all @mldhey would have needed to increase
child amounts within the other benefits as wellra€hild Benefit. On the other hand, if the

goal had been to reduce the number of familiesestilbtp means tests (without anyone losing)
then the illustrative reform would have done jusdtt(for example, reducing the number of
all households receiving Council Tax Benefit). Hetgoal in 2013 had been to reduce the
reach of means-testing, the means-tested paymestfa children would have needed to be

reduced at the same time as the Child Benefit asere
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Appendix B: Comparison of simulated estimates of income tax with
administrative statistics, UK 2010/11

Here we illustrate the type of validation of sinteldincome tax that can be carried out when
published tables from administrative data of taxereie by income band are available. The
exercise also suggests ways in which the inputovdata might be adjusted, or not. Here, the
input data are the UK Family Resources Survey (FR®P/10 updated to 2010/11 incomes

and prices.

Simulated income tax liabilities are compared vtatistics on income tax paid by band of
taxable income, published by the UK revenue auth@rMRC, Table 3.3). The first point to
note is that tax paid in any year may not matdbilligt for tax on income earned in that year,

because of adjustments carried over from previeassy

The first row in the top panel of the table beldwows the ratio of microsimulation model
(EUROMOD) estimates to those of HMRC in three disiens: the number of taxpayers
(defined as individuals with positive taxable inarbefore deduction of any personal
allowances), their total taxable income (beforeut#idn of allowances), and the total tax
liability/revenue. The number of taxpayers is uresimated by 7% and taxable income by
more: 13%. Also shown are the ratios for the lowagable income group (under £10,000

per year) and highest income group (over £150,800).

% The HMRC statistics provide more detail for topdmes (the top two groups being £0.5 million tanfillion
and £1million+). However, although the overall sénpize of the FRS is large by international stadsla
(31,644 individuals in 2009/10) the numbers withryvligh incomes are too small to analyse. There9&e
observations with taxable income in excess of A1, including 13 with more than £500,000 and Rustith
more than £1 million (after adjustment to 2010/@doime levels). As explained in the main text, thipartly
due to under-representation of, or under repoiiypgpeople with very high incomes in the surveywsduer,
even if their incomes were properly representedetdaon the HMRC statistics there would still be dethan
30 observations with incomes above £500,000 imgkaof this size.
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Ratio of EUROMOD estimatesto HMRC statistics

Taxpayers Taxableincome Tax revenue

EUROMOD

All 0.93 0.87 0.85

taxable income < £10K 0.99 0.98 0.76

taxable income £150K+ 0.46 0.42 0.46
EUROMOD with proportional adjustment to number of taxpayers (adj1)

All 1.00 0.93 0.91

taxable income < £10K 1.06 1.05 0.82

taxable income £150K+ 0.50 0.45 0.49
EUROMOD with adjustment to number of taxpayers by income band (adj2)

All 1.00 0.98 1.05

taxable income < £10K 1.00 1.00 0.79

taxable income £150K+ 1.00 0.89 0.98

Notes: EUROMOD-adj1l makes a proportional adjustrterthe number of taxpayers in each income groaip, t
match HMRC. EUROMOD-adj2 adjusts the number ofdg®ps in each income group to match those given by
HMRC. Sources: EUROMOD version F6.20 using Famigsdrirces Survey 2009/10 updated to 2010/11
incomes. HMRC http://www.hmrc.gov.uk/statisticsime-by-year.htm%202010-11%20Table%203.3.

The low income group and their taxable income if-represented by the FRS data but the
tax revenue simulated by EUROMOD is too low by 24%e difference in tax liability based
on current year incomes (EUROMOD calculations) &xdrevenue (HMRC) can arise if the
latter contains tax due on higher previous yeaonmes, for example by the self-employed.
The symmetrical effect (revenue smaller than lighilas incomes rise), which in general is
equally likely, is not observable because it istribsted throughout the rest of the

distribution of taxable income.

The high income group of taxpayers and their incame tax paid are all under-represented
by more than 50%. This is consistent with eithebbath the under-representation of very high

income-earners in the survey, or the under-reppuirhigh incomes.

More detail of the pattern of tax revenue by raafjaxable income can be seen in the Figure

below. The black bars show the HMRC estimates amel white bars, those using
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EUROMOD simulations. EUROMOD shows some shortfalinost income ranges but the

effect is concentrated in the highest income group.

Estimates of income tax revenue by range of taxable income 2010/11
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Notes: EUROMOD-adj1 makes a proportional adjustimerthe number of taxpayers in each income groap, t
match HMRC. EUROMOD-adj2 adjusts the number ofdg®ps in each income group to match those given by
HMRC. Sources: EUROMOD version F6.20 using Famigsdrirces Survey 2009/10 updated to 2010/11
incomes. HMRC http://www.hmrc.gov.uk/statisticsime-by-year.htm%202010-11%20Table%203.3.

The overall shortfall in taxpayers might be expdairby under-reporting of income by the
whole distribution or parts of it, or by the fabiat a proportion of UK income taxpayers are
not resident in UK households and hence not captoyethe survey datd.We carry out two
adjustments to the comparison of EUROMOD and HMR(istics (not to the micro-data) in
order to explore these possibilities. First (adii® make a proportional adjustment to the
three statistics reported in the table such thatdtal number of taxpayers matches that given
by HMRC (i.e. an increase of 7% in the EUROMOD:isted). The middle panel in the table
shows that this has the effect of reducing the alehortfall in taxable income and tax
revenue by almost half but does little to rectifig tshortfalls in the top income group. The

effect on tax revenue in each income group is shioyvihe pale grey bars in the Figure. This

% We do not pursue this second possibility further.
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suggests that a general tendency to under-reppdriof the explanation for the shortfall in

tax revenue but not the whole story.

A second adjustment accounts for the shortfalbxpayers within each income group. The
effect of this is shown by the darker-grey barha figure and the bottom panel in the table.
The overall shortfall in taxable income all butapipears but tax revenue is over-estimated by
5%. The shortfall in taxable income in the top imeogroup is greatly reduced to 11% while
tax revenue almost matches that in HMRC stati$ticghis group. The remaining shortfall in
taxable income at the top suggests that therg@isl@em of lack of response by high income
earners. The relative over-estimation of tax reeesuggests that the simulation of tax
liability is missing the effect of some tax reliefad deductions that cannot be simulated due
to lack of information in the data. Tax evasiomalso a possible explanation. From the figure,

it seems that these effects are more importanghtehincomes.

To summarise, the validation exercise of the sitedlancome tax in the UK component of
EUROMOD provides some useful insights that shoukl donsidered in interpreting
microsimulation results for other countries as wallthough of course the specific
explanations may differ and additional factors mhaypresent. The UK FRS data appear to
(a) under-represent people with high taxable inraed (b) under-report taxable incomes
to some degree, across the whole distributionpatth in countries characterised by large tax
evasion the taxable income reported in the suraeybe larger than the one reported in the
tax revenue statistics. Simulated tax liabiliti@srbt match tax revenue statistics because of
between-year adjustments. The income tax simuktitlmnot take account of all reliefs and
deductions, nor of tax evasion, and this may leadover-estimation of tax payments

particularly towards the top of the distribution.
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