EUROMOD

WORKING PAPER SERIES

EUROMOD Working Paper No. EM5/09
ADAPTING EUROMOD FOR USE IN A
DEVELOPING COUNTRY — THE CASE OF
SOUTH AFRICA AND SAMOD
Kate Wilkinson

May 2009



Adapting EUROMOD for use in a developing country -the case of South Africa
and SAMOD*

Kate Wilkinson 2

Abstract

This paper describes the construction of a microktion model for South Africa
(SAMOD), which is based upon the EUROMOD platforhhe paper discusses the need
for a new microsimulation model in South Africagtheasons why EUROMOD was a
particularly suitable candidate as a basis for tteev model and the challenges
encountered in building the model. The intentiontlaé paper is to provide necessary
background material on the construction of the rhadeanyone wishing to work with
SAMOD and to record the lessons learned in the iHmgéding process which may be
helpful to those considering developing their owmcrnesimulation models in other
countries. Particular attention is given to the whgt South Africa, as a developing
country, raises challenges that have not previonegn encountered in the development
of EUROMOD.
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1. Introduction

In 2007 the Centre for the Analysis of the Southigsin Social Policy (CASASP) at
the Department of Social Policy and Social Workhat University of Oxford was
commissioned to build a microsimulation model fau Africa, which could be
used by analysts in the National Government Departrof Social Development in
the Republic of South Africa. This two-year projestas funded by the UK
Department for International Development SoutherfricA as part of its
Strengthening Analytical Capacity for Evidence-loh&®cision-making programme
(SACED)? The project outputs included a functioning micnasiation model
(SAMOD - South African microsimulation model), aesushandbook (Wilkinsoret
al., 2009), some examples of simulations carried @imgiSAMOD and training
sessions for SAMOD usetfs.

This paper documents the process of building SAM@I particular reference to
the approach taken (i.e. the choice of buildingeav model or using an existing
model), the selection and use of micro-data ang#rcular challenges encountered
in adapting the model for use in a developing cgunthe intention is to provide
necessary background material on the construcfiéimeomodel to anyone wishing to
work with SAMOD and to record the lessons learnedhie model-building process
which may be helpful to those considering develgpiheir own microsimulation
models in other countries.

2. Microsimulation in South Africa
2.1 Existing models

At the start of the SAMOD project there were alggachumber of models in use both
in government and in the academic community. Foangde, Haarman (2000)
modelled the impact of existing social grants owesty and tested the impact of
potential reforms using a microsimulation model. &4od has examined the
redistributive impacts of the tax system and loo&ethe relationship between social
assistance grants and economic growth (Woolard3;20@oo0lard et al, 2005).

Adelzadeh has developed a microsimulation modelithaccessible on the internet
where the user can modify certain elements of #rting system and add in a basic
social assistance benefit (Adelzadeh, 2005). Adelzahas also developed more
complex models to investigate options for halvingvgrty and unemployment in

% The SAMOD project team comprised Professor Mict\mdle (Principal Investigator for the project
and Director of CASASP), Kate Wilkinson (Researdtldw at CASASP and main researcher on the
project) and Dr Gemma Wright (Senior Research Rellend Deputy Director of CASASP).
Consultants on the project were Professor Hollyh&udiand (University of Essex), Dr Ingrid Woolard
(University of Cape Town), Dr Martin Evans (Univigysof Oxford) and Dr Charles Meth (acting in a
personal capacity).

* SAMOD s jointly owned by The University of Oxfar@he Department of Social Development of
the Government of the Republic of South Africa arfte University of Essex 2008. SAMOD was
developed using the EUROMOD framework (based orsigarD17 of EUROMOD). The author and
all other members of the SAMOD team are gratefuPtofessor Sutherland and her team at The
University of Essex for granting access to EUROM@Bd allowing it to be modified to build
SAMOD, and for their help and support during theject.



South Africa over the next ten years (AdelzadelQ720Finally, researchers at the
Economic and Policy Research Institute have ingastd the potential impact of
existing social benefits and proposed policy re®ruming microsimulation modelling
(Samsoret al, 2002; Samsost al, 2004).

In addition, research has also been undertakerinking microsimulation models

with computable general equilibrium models (HeraB@05). The model developed
by Herault examines how macro-shocks and policyngba lead to macroeconomic
changes. A microsimulation model is then used teestigate the impact of the
macro-level changes on individual behaviour.

2.2 Therequirement for a new model

Although there are a number of microsimulation mMieddready in existence in South
Africa the existing models have been developedhleyacademic community and are
(in most cases) used exclusively by academicsesearch purposes and to provide
simulation results to government departments. Twgirhas been provided within
government departments on using the microsimulatiodels developed by Woolard
and Adelzadeh. However, analysts in governmentrgédgyelo not have the capacity
to modify and develop these models, only to usetteerun simulations.

All existing South African microsimulation modelsedimited in the types of policy
reform that they allow both in terms of altering fharameters of existing policies and
adding completely new policies. Of course, the nha@égelopers themselves are able
to change these parameters but this cannot be lkprnexternal users. A further
problem is that the calculations carried out bysexg microsimulation models are
only ‘accessible’ to the model builder, thus, thesea lack of transparency in the
arithmetic procedures underlying the policy simolaé. In South Africa there was,
therefore, a need for a microsimulation model, Whaould be used by analysts within
government, which had the flexibility to allow useo alter policy parameters and
build in entirely new policies. In addition, in @edto ensure the long-term use and
sustainability of the new microsimulation modelerssshould have the capacity to
update the model and add new data as they beccenialds.

In developing a new microsimulation model for SoAfhca in response to the needs
identified above it is important to note that theention was not to replace the models
already in use, rather to encourage and expandshef microsimulation modelling
as an analytical technique. The existence of seddfarent microsimulation models

in one country is beneficial as each will haveeatit strengths and weaknesses and
comparison of the outputs produced from each omengthens the quality of
knowledge and research.

2.3 Selecting a model design for South Africa

In developing the new model the first step wasdoide what sort of model needed to
be built. Microsimulation models are classifiedvarious different ways (for a useful
taxonomy of microsimulation models for redistrilmutianalysis see Bourguignon and
Spadaro (2005: 3)). Bourguinon and Spadaro desthibehree key components of
microsimulation models as: 1) a micro-data setndbrimation on individuals and
households; 2) a set of policy rules; and 3) a ritezal model of the behavioural



responses of agents. It is in the last componettrittodels tend to differ in terms of
whether they ignore or take account of behaviorggponses. Behavioural responses
can include any individual or household behavidat tmay change in response to a
policy change. Typical examples of behavioural oesgs include labour supply,
family composition and saving or investment decisioThe majority of the South
African models described above do not take accainbehavioural responses,
although Adelzadeh has produced a behavioural nsgpmodel.

Often microsimulation models are classified acangdp the process which is used to
age the micro-units in the data as time moves fatsvaviodels described as ‘static’

models do this by re-weighting the household datalstv keeping the ages of

individuals within the household the same. Dynamimdels attempt to age forward

the population year by year. Dynamic ageing indWtancorporates some form of

behavioural response as individuals may change agmant status, have children

and form new families as they get older. In thisegahowever, the changes occur
because of ageing and not because of policy chawt® distinction between static,
dynamic and behavioural response models is an tapoone.

Static models are the simplest and most transparkith makes them appealing to
users and they are widely used in academia andrgment. They are sometimes
criticised as being overly simple and restrictivecéuse they ignore behavioural
responses. However, Mittoat al. (2000) argue that the choice of model really
depends upon the policy question to be addresskbdah static and dynamic models
have uses in differing applications. Bourguignod &padaro (2005) also suggest that
static models are perfectly adequate in evaluatimgnges in individual and social
welfare, as, in most cases, behavioural changedbeamssumed to be insignificant.
However, they do warn that static models may noetugrely reliable in predicting
government budget constraints when strong behaalioesponses are predicted.

The simulation results produced by dynamic models eery sensitive to the
robustness of the model of behavioural respondaghssed. It is difficult to develop
good behavioural response models from cross-settdaia and there are no national
longitudinal studies available in South Africa frowhich it might be possible to
develop reliable models of behavioural responsegoticy changes. In addition, as
many households in South Africa have incomes wlach at or below a basic
subsistence level and unemployment rates are eslydmngh due to a severe shortage
of jobs, it could be argued that the impacts orolaebsupply due to a change in
household income is likely to be small. Most indivals do not have the choice to opt
in to or out of work if their income changes: margople are desperately looking for
work and those who do have jobs are keen to kesp {INobleet al, 2008; Surender
et al, 2007).

Of course this is not to say that other factorshsas household formation decisions,
are not affected by tax and benefit policy. Howetlee main aim of the Department
of Social Development in using microsimulation &samalytical tool is to evaluate

the immediate impact of tax and benefit policy mverty and redistribution and a

static model is able to adequately satisfy this.aim

Aside from considerations of the type of model thas required (in terms of
dynamic or static and the incorporation of beharabvesponses) the functionality of



the model was also a key issue. As already disduaseve, one of the reasons for
building a new microsimulation model in South A&iavas to allow analysts in
government to test policy reforms. Existing modei$y allow a very limited number
of reforms to be tested. The capacity to test difie policy scenarios is especially
important in South Africa. Following the transitiom democracy in 1994, there has
been much discussion of how tax and benefit pateny help to address the pressing
problems of high levels of poverty and income ira@y (Department of Social
Development, 2003, 2006, 2007, 2008; DepartmeniVeffare, 1997; The Taylor
Committee, 2002). Although some policy reforms hlagen implemented since 1994,
most notably the introduction of a means-testedhtgfar children, there are still
significant gaps in the system of social protectomrently in operation (Whitworth
and Noble, 2008). Determining how to address tlysges in the most effective and
efficient manner is one of the key questions tlm& mew microsimulation model
(SAMOD) will help to address.

Given the requirements set out above, the EUROMODrasimulation model
fulfilled all of the needs identified for the newn@&h African model (SAMOD). In
addition, the significant amounts of research tand expertise that have already been
undertaken to develop EUROMOD meant that far mordccbe achieved by drawing
on these experiences rather than developing a redelnfrom scratch.

EUROMOD is a multi-country tax benefit model coveyiall 15 pre-2004 European
Union member states and four new accession st&#d®ROMOD was initially
developed using funding from the European Commissial998 and has since been
improved and extended by the collaborative effasfsresearchers from many
different countries. A number of working papers woent the construction and
development of EUROMOD (Lietz and Mantovani, 20@&utherland, 2001, 2005;
Sutherlandet al, 2008). The original project aim was to build adebthat was
capable of making reliable cross-national compass®hilst many countries have,
and continue to operate, national microsimulaticmdets, these are generally ‘black
boxes’ operable only by a small number of peoplé sipecifically designed for the
policy system in a particular country. Cross-naglocomparisons are generally not
possible with such models. The EUROMOD approach twasy and make a model
that was flexible enough to cope with the varietypolicy designs that exist within
Europe. In addition the model had to be designethabit could be used by anyone
with a small amount of training, and, especialhgttusers could design and test their
own policy reforms. It is this flexibility and eas# use that makes EUROMOD an
excellent basis upon which to build a South Africandel.

3. Data
3.1 Selection of a micro-data set

Underlying every microsimulation model are micrdada@n individuals and / or
households which supply the model with the infoiorathecessary to carry out the
calculations. An important step in building a m&roulation model is choosing an
appropriate data-set and cleaning and preparinglaite for use in the model. It is
common practice to use household survey data farosimulation modelling,
although census data may also be used in certags cBUROMOD uses a series of



national household surveys (see Lietz and Mantof@nmiexample (2006: 24)). In
multi-country models such as EUROMOD obtaining camaple data from different
countries can be a considerable challenge. At tme@ean level the launch of the
European Union Statistics on Income and Living Gomas survey (EU-SILC) will
provide a valuable source of cross-national coniparalata which will be of
substantial use to the EUROMOD model (Sutherlabdal, 2008). For a single
country model such as SAMOD, comparability acrassntries is not such an issue;
however, to accurately model tax and benefit pedidhe data requirements are still
substantial.

A number of national household surveys are curyanth by Statistics South Africa.
There is also a national population census. Soditita®s Census pattern is not yet
established: the first post democracy Census wa996 and was followed five years
later by the 2001 Census. The next full Censusotsuntil 2011; however, there is
also a new Community Survey (2007) (which replisatthe 2001 Census
guestionnaire), an annual General Household Suessilable from 1993 to 2007), a
bi-annual (and more recently quarterly) Labour EdBtrvey (available from 2002 to
2007) and a five-yearly Income and Expenditure 8uravailable from 1995 to
2006). The Labour Force Survey was an unsuitableceoof micro-data for this
project as most of the information relates to tteking age population (those aged
over 15) and it contains only banded income data0% sample of the 2001 Census
is available at individual level; however, the dastamow becoming increasingly out of
date and, again, does not contain sufficientlyitegtanformation on income (income
data is banded) and no information on expenditlihe General Household Survey
does contain detailed information on receipt ofi@ogrants and some income and
expenditure items, but the coverage of income arperditure items is not
comprehensive enough to provide the detail requicedalculate tax liability and
entitlement to grants needed for the microsimutatimodel. The Community Survey
was ruled out because it suffers similar problemthe 2001 Census in that there is
little information on income and no information expenditure.

The Income and Expenditure Survey (IES) was selemsethe primary micro-data set
for SAMOD as it satisfies more of the base dataliregqnents that any of the other
data-sets considered. The IES has been conductegppabximately five yearly
intervals, most recently in 2006. The survey isnariily used to update the consumer
price index for economic decision making; howevitre detailed information it
contains and relatively large sample size (24,008llchgs) makes it a suitable source
of base data for microsimulation. Although the IE®O0 is not the most recent source
of income and expenditure data in South Africaumber of methodological changes
between the 2000 and 2006 surveys meant that ®20B6 was an unsuitable source
of micro-data for SAMOD. The reasons for selectimg 2000 IES instead of the 2006
update are set out below:

First, the IES 2000 and the IES 2006 have neaticlrguestionnaires; however, the
IES 2000 is a richer data source as the same rdsptsmwere sampled as for the
September 2000 Labour Force Survey (LFS). This ittt the IES and the LFS

could be joined together to increase the numbefaatbles available. For example,
the LFS provided key information on the relatiopshbetween household members,
employment status and receipt of / contributionsrtemployment insurance.



Second, the IES 2006 only included banded age fdatendividuals. However, the

eligibility rules for all of the benefits availabie South Africa include conditions

based on age, hence the simulations could not he docurately with banded age
data.

Given, the limitations of the 2006 IES, the 200® Was therefore chosen as the base
micro-data set.

3.2 Updating the base data to 2007

Although the IES contains much of the informati@guired to simulate the vast
majority of the tax and benefit policies in Soutlriéa, a number of steps were
necessary to ensure that the micro-data was asadecand up to date as possible.
This included taking steps to improve the data whezy information was missing or
badly recorded. Each improvement made to the 2@ data to create a suitable
base micro-data set for SAMOD is described belosvsimmarise, these included:

* imputing relationship information to identify theam carer of each child;

* re-weighting the data to take account of populatthange since the year
2000;

e up-rating income and expenditure figures to takmant of changes in these
values since the year 2000 and imputing missingnmedata;

» estimating the number of individuals with a wonkiing disability and the
number of children with a disability;

* estimating the number of children who have loshhbeir biological parents;

» estimating the number of people making contribgitmthe Unemployment
Insurance Fund and the number of people eligiblelaon benefits from the
fund.

Imputing relationship information

The main drawback of using the IES is that therenas information on the
relationships between family members (althoughidetayiven about each person in
the household). The 2000 LFS does allow individual®e linked with a spouse or
partner who is living in the same household but enaletailed relationship
information, to enable children to be linked witteir parents or carers is required to
determine eligibility for child grants. These rébaiships between children and their
carers had to be imputed in the data.

The creation of relationship structures was caraatlin two steps. First, following
the methodology of WoolatdNoble et al, 2005) a likely carer was identified for
each child under the age of 18. This method assigiddren to carers according to a
series of rules. First, children are assigned ¢ofitlst woman in the household who is
aged between 13 and 40 at the child’s Birthno carer is assigned then the child is
assigned to the first woman aged over 40 at thie'shairth. If the child still has no

® The same method was used in the microsimulatiodeindeveloped by Woolard for the Department
of Social Development.

® The household data is structured so that the bkt household is likely to be the first persisted
followed by their spouse or partner, followed bletadult members, followed by children.



assigned carer then the process is repeated foageshl13 to 40, then, men aged over
40. If this still does not assign a carer to alilldrien then the oldest person in the
household who is 18 or over is assigned as the taw@mny remaining children. Thus,

it is only in child-headed households, where themo-one present who is aged 18 or
over, that children are not assigned a carer.dedltases (representing about 0.5% of
all cases) the oldest child is nominated as therdar the younger children and the
oldest child has no carer or parent.

Re-weighting the data to take account of populatioange

Ideally the micro-data set used within a microsiatioh model should relate to a time
point as close as possible to the time point oftélxeand benefit rules that will be fed
into the model. In the case of SAMOD the main antoi model policy reform so the
data therefore had to be as up-to-date as posgiblthe time when SAMOD was
being developed the latest population estimatedadi@ related to 2007. Other key
data, for example the national accounts and theswoer price index were also
published up to 2007 so it was decided to takemitepoint of this year as the time
point for the micro-data. The IES 2000 data theeetoad to be re-weighted to take
account of population change between 2000 and ZDI0F . method employed made
use of the CALMAR re-weighting programme (Sautdt993), which re-calculates
household weights based on a series of constraidsasehold weights were re-
calculated so that the population totals by seze r@nd five-year age-band for each
provincé matched the 2007 population estimates producethdyActuarial Society
of South Africa (Dorringtoret al, 2005) as closely as possihle

Up-rating household incomes and expenditures anliimg missing income data

In addition to updating the population totals, immand expenditure figures also had
to be updated. Of course, other characteristichefpopulation will have changed

between 2000 and 2007, for example, household csitiqgro and employment status.

However, these factors were very hard to predict m only population totals and

income and expenditure figures were updated.

The publication of the 2006 IES provided detailedoimation about individual
incomes from various sources in 2005/06. However, dhallenge lay in using this
information to update the incomes of the IES 20@Qiseholds. South Africa is
characterised by a highly unequal income distrdyutin which income inequality
appears to be increasing over time (Leibbragidil, 2005). There are also large
numbers of individuals employed in the informaltseand growth in formal and
informal sector wages are likely to exhibit veryfelient trends. To take account of
the fact that earnings for households with difféienome levels are likely to change
at different rates, a series of income up-ratirdies were calculated for each income

" South Africa is divided into nine administrativeeas known as ‘provinces’.

8 Statistics South Africa also produce populatiotinestes and these should have ideally been used in
the re-weighting procedure as they are the prefesmurce of population statistics for analysts in
government. However, the Statistics South Africgiation estimates could not be obtained at the
level of detail required to re-weight the surveytaddt is straightforward to update the household
weights using a different set of population estesaf required.



quintile within each racegroup. The process by which these income up-rdticmrs
were calculated is as follows:

The first step was to calculate the average houdehcome for each income
quintile within each race group for householdshie 2006 IE’. There were a
number of households reporting zero total incomenfany source (including
social grants and remittances). There are varieasons why households may
report zero incomes, for example, Deaton (1997)i@sghat poor households
living at a subsistence level may struggle to usiderd the concept of income
when income and outgoings are approximately equakddition, income
often tends to be under-reported or not disclosedl as it is a sensitive topic
and people may be afraid of their data being passetb the tax authorities
(Statistics South Africa, 2008a). As zero incomeswansidered to be an
implausible result (and it was difficult to identiiny systematic biases in the
failure to report income), households reportingozercome were excluded
from the calculations of average household income.

The second step was to calculate equivalent figimethe households in the
2000 IES. In this case households with zero incoomsd not be dropped
because these households were included in thdaetaizon of the household
weights so to exclude them from the data wouldcaftee 2007 population
totals. Rather than dropping these households theome was randomly
imputed based on the income distributions obsenvéduseholds of the same
race group reporting non-zero incomes. More comptgutation procedures
could have been used (for example, as in Ardingtoal (2005) and Barnes
and Noble(2006)); however, this was not considered worthavlgiven that
less than 2% of households reported zero incomiass, Tafter incomes had
been imputed and average incomes calculated for ieaome quintile within
each race group, the 2000 and 2006 average hodsetwoime figures could
be compared.

The average household income for each income tpiintithin each race

group in 2006 was divided by the equivalent figiwr@000 to generate a ratio.
This ratio was then used to calculate the yearear-growth (or decline) in

income between 2000 and 2006. Assuming that timesene trends continued
into 2007, the expected average household incomeJ@dy 2007 was

calculated and hence the equivalent ratio for 20000 average household
incomes.

° Even though all elements of racial discriminatioere removed from legislation in 1994, the legacy
of the apartheid regime prior to 1994 has resuhesdgnificant income polarisation between whitel an
black South Africans. Even though there are a gngwiumber of middle and high income black South
Africans, those living in poverty are almost exdhety black African. It is therefore still appropte to
examine income trends along racial lines. In Soiffica race groups are typically referred to as
‘population groups’. The population is classifiedoi five groups according to common characteristics
of descent and history, these are: black Africadjdn, Asian, white and other. The term ‘black’ is
used to refer to all groups who are non-white. :(S&tatistics South Africa (2004ensus 2001
Concepts and Definition®retoria, Statistics South Africa)

1 The calculations were based on income from altcsEsuexcept social grants.
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* Household income in 2000 was multiplied by the 20R000 ratios to
generate an estimated household income in 2007 rdftlos were not applied
to income from social grants as the amount of ttentg is determined by
government policy.

* Finally, to check the robustness of the calculaitdme estimated total wage
income was compared to the total compensation fol@mes as reported in
the national accounts (South African Reserve B&t)8). The estimated
figure was about 20% smaller than the figure reedrid the national accounts
so 2007 household incomes were scaled up by bBefuagmount so that the
total wage income matched the total recorded inngugonal accounts. It is
debatable whether it is always appropriate to scgleincome to match
national account totals as this can falsely altexasares of poverty and
inequality. In South Africa the process of scaliqgincomes has often been
used to produce estimates of poverty (Meth, 200072 Simkins, 2004; van
der Berget al, 2005, 2007; van der Berg and Louw, 2004), althotite
method used to do this has been the subject ofdenable debate. It is known
that the Income and Expenditure Surveys underdogome. Wage income in
the 200/2001 survey was 21% lower than nationab@aats and 30% lower in
the 2005/2006 survey. As the method used to updatane here creates a
separate scaling factor for each race group anti @ammme quintile (25
separate scaling factors in total), and is onlyfliaggo earned income (and not
income from cash transfers) the final scaling ugarfed income to national
accounts has only a small effect on poverty andjuabty measures. The
poverty rate changes from 64% prior to scalinga$@% post scaling dp
The Gini coefficient (on pre tax and transfer iné@memains at 0.83. Thus,
here it is considered appropriate to scale-up ireas this does improve the
estimates of income tax considerably and has littipact on poverty and
inequality metrics.

Household expenditure data was updated assuminhgdloh household purchases the
same types of items in 2000 and 2007; howevertdted quantity purchased may
vary. The method used was as follows: first, pidkation factors from the July 2007
consumer price index (Statistics South Africa, 200%vere applied to each
expenditure item. New total expenditure values wdren calculated for each
household in the IES 2000. These new expendituedstavere then multiplied by a
scaling factor. Equation 1 below shows the caleutadbf household expenditure for
householdy on a single expenditure itemin 2007 whereg;izo7 iS the estimated
expenditure on a particular item in 20@z000 is the expenditure on the same item
recorded in the IES 200@; is the price inflation factor for the item aigj is the
scaling factor.

Equation 1 eyi 2007 ~ Sq X eyi 2000 % P;

1 As there are no reference data against which éalcpoverty rates it is not know whether 60% or
64% is the more accurate estimate.
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The scaling factos; was calculated as follows: Households in the IB862were
grouped into deciles according to total expenditarel an average household
expenditure figure was calculated for each expenglitlecile. The ratio of the 2006
average household expenditure to the 2000 averaggehold expenditure for each
expenditure decile was then used to determine ¢lae-gn-year growth in household
expenditures for each decile. Assuming that exgeralicontinued to grow at the
same rate between 2006 and 2007, the growth ragge wsed to calculate the
expected average total expenditure for househal@ésch decile in 2007. Equation 2
shows the calculation of the average total houskebrpenditure for a household in
decileq in 2007 Eqz007) WhereEqops is the average total household expenditure for a
household in decileg recorded in the IES 2006 arflpo0 is the average total
household expenditure for a household in degiecorded in the IES 2000.

7/6

E % Eq2006

42000

E

Equation 2 42007 —

quooo

Finally, the scaling factor required to calculdte estimated expenditure on each item
in 2007 for every householdin expenditure decilg is calculated as in Equation 3.

In this case an individual household consumesah ¢bf different items and there are
ng households in each decile.

Eg2007 Xxn

. S, = 1,
Equation 3 a Z(einOOOX pi)

nj

Thus, the total expenditure in 2007 matches thanased by rolling forward the IES
data. However, the ratio of expenditure on differdems may change due to
differences in the price inflation factors for iadiual expenditure items.

Imputing disability status and identifying potehfiaster children

Social assistance is available in South Africaddults with a disability that prevents
them from working (Disability Grant) and childrenhw have a disability that

necessitates full-time care (Care Dependency Grahgre is also a grant available
for an individual who cares for a foster child (EysChild Grant). Thus, to calculate
eligibility for these grants individuals with a dlsility and foster children must be
identified in the data. The IES does not recordhsabaracteristics so the 2007
Community Survey was used to identify adults rapgrthat they were not able to
work due to ill health or disability and childrenhav are recorded as having a
disability that prevents them from taking part iarmal activities. Potential foster

children were identified as children who had neitmether nor father still alive.

Having identified those who may be eligible to ligeea disability grant, a logistic
regression model was used to calculate the prabathibt an individual is disabled.
The explanatory variables used were: age; gendeeg; rage of head of household;
gender of head of household; province of residemmisehold income; highest
education level achieved of head of household; runolb adults in household; and,
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number of children in household. Only individual$iavwere not working were
included in the model. The model coefficients wiren applied to individuals in the
IES data-set to identify those individuals mostelk to be disabled. As the
Community Survey provided an estimate of the tatahber of individuals likely to
be eligible to claim a disability grant, the aimsma assign a disability status to the
same number of individuals in the IES data. Thodjviduals in the IES data were
ranked according to their probability of being dieal (again only unemployed
disabled group until the total number of disabledspns matched the totals estimated
from the Community Survey. A similar process wablofeed to identify potential
foster children in the IES data, as well as forldien in receipt of the Care
Dependency Grant.

Identifying unemployment insurance fund contribsitand claimants

The only form of protection against unemployment ¥eorking age individuals
currently available in South Africa is the Unempimgnt Insurance Fund (UIF).
Employees and employers in certain parts of thenébrsector are obliged to make
contributions. However, there is no coverage afallthose in the informal sector.
Contributions have to have been made for a cepaiiod of time in order for a claim
to be made in the case of unemployment, and thefibean only be claimed for a
maximum of six months. Although the 2000 LFS (whismatched to the 2000 IES)
does record information on UIF contributions anairalants, this information needed
to be updated to 2007. The latest LFS availabteeatime related to 2006 so this was
used to estimate the total numbers of UIF contatsuand claimants in 2007. The
process used to identify claimants in the 2007 deda the same as that used to
identify foster children and individuals with a dlslity i.e. a logistic regression was
used to calculate the probability of each individbaing a UIF claimant. Certain
other constraints were placed on the models, famge, that claimants had to be
currently unemployed but having previously work&te explanatory variables used
in the claimants’ model included: gender; age; rgmevince of residence; size of
household; means of support; education and tinemdast employment.

UIF contributors were imputed in the IES data adowy to their occupational sector.
The proportion of workers contributing to the Ul @ach occupational sector was
estimated using the 2006 LFS. Individuals in thé& IBata were then randomly
assigned to the UIF contributors group until thepartion of contributors in each

occupational sector matched the proportions estichiait the 2006 LFS.

4. Tax and benefit policy in South Africa
4.1 Selecting policies to ssimulatein SAMOD

In the construction of any microsimulation modetid®ns often need to be made
about which policies to simulate and which to leaué The aim in building SAMOD
was to simulate as many existing policies as ptessiHowever, given that data
constraints meant that certain policies could mdtsbmulated with a great deal of
accuracy, the focus was on those policies mostaatan terms of their direct impact
on household incomes.
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Given the policy focus on improving the situatiotleose living in poverty, it was
important to include social assistance (referretht8outh Africa as ‘social grants’)
available to poor households and people with digigsi In addition, the inclusion of
personal income tax and value-added tax was algoiatrgiven that these taxes
provide revenue to fund the payment of social graft well as cash benefits, there
are also a number of benefits ‘in-kind’ in Southriéd such as free basic water,
electricity and free schooling (where these sesviaee normally subject to user
charges). Ideally, these would also have been dedun the simulations as they can
have a considerable impact on the income of poasdiwolds. However, there are no
reliable data with which to identify households wieceive benefits ‘in-kind’ so these
were not simulated within SAMOD (see Meth (2008t) further details about these
items).

The policies included within SAMOD for August 2086e:

* Child Support Grant — a means-tested grant availablthe carer of a child
under the age of 15(R210d° per month)

» Care Dependency Grant — a means-tested grant laleatla the carer of a
child** with a severe disability (R940 per month)

« Foster Child Grant — a grant available to the cafern foster child* (not
means-tested) (R650 per month)

» Disability Grant — a means-tested grant availablevbrking-age adults who
are unable to work due to disability or illness (t R940 per month
depending on income)

* Old Age Grant — a means-tested grant availabledn aged 65 and over and
women aged 60 and ovefup to R940 per month depending on income)

* Grant-in-aid — a top up to the Disability Grant@id Age Grant for recipients
of these grants who require full-time care (R210rpenth)

* Personal income tax

» Value-added tax and excise duties

* Fuel levy — a tax levied on petrol and diesel

Other policies which may impact on household incenbeit are currently not
simulated within SAMOD include:

* War Veteran’s Grant — very small numbers of indil$ are now eligible for
this

» Free electricity — provided as 50Kwh free per month

* Free water — provided as 6,000 litres per houselp@d month to all
households with a mains connection or access tanagipe

2 The Child Support Grant was extended to includgédr-olds in January 2009. There is also likely
to be a further extension to cover children up oygars of age but the timetable for this has bt y
been agreed.

'3 Note that one-hundred rand equates to €7.75 st 2009.

“The grant is available until the end of the yeawhich the child reaches their1Birthday.

5 1n October 2008 the Old Age Grant was extendeiddlude men aged 63 and 64. The extension of
the age range for men will continue over the next fears until both men and women aged 60 and
over are eligible.
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» School fees - school fees are charged as stami&@duth African schools;
however, there are an increasing number of no-tkedas operating in the
poorest areas

* Free school meals — one free meal is provided ggirdcertain schools

* Municipal indigent grants — amounts vary accordmthe area

* Early Childhood Development subsidies — amountg gacording to the area

* Free primary health care — primary health careeas for people who are not
members of a private medical scheme. Free heatth isaalso provided to
children under the age of 6 and pregnant and lagtatomen

» Social relief of distress — provided as a shomateash payment or food parcel
to households undergoing temporary financial dsstre

» Compensation for occupational injuries and diseases

» Compensation for road traffic accidents

* Motor vehicle tax

* Road toll fees

* Private medical and retirement schemes

» Corporate taxation

» Capital gains tax

» Transfer duties — paid on the acquisition of fixedperty

» Tax on retirement funds

4.2 Replicating policy rules
Social grants

It is never possible to exactly replicate the acpgicy rules for any of the policies
simulated in SAMOD. However, the simulated poliajes are generally a very close
approximation to reality. For all of the social gt& modelled in SAMOD eligibility
conditions associated with characteristics thatbEnpbtained from the micro-data are
included. For example, conditions related to agendgr, marital status, family
composition and income can easily be simulatedeO#ligibility rules cannot be
simulated, for example, to claim a Child Suppora@rthe carer must have a valid
birth certificate for the child, but this informati is not recorded in the micro-data.

As is the case in many microsimulation models, @@ such as these cannot be
simulated; however, they are unlikely to have aifigant impact on the number of
claimants.

One way in which SAMOD differs significantly fromeality is that it does not
account for take up (i.e. in cases where an indalidloes not take up the benefits to
which they are entitled, or, when someone fraudlyestaims a benefit, which they
are not entitled to). Take-up rates for the majoot the social grants available are
now fairly high so this is not such a significamblplem. The only grant which still
has very low take-up rates is the Foster Child Grais is due to the fact that foster
carers have to go through the courts to formalketa foster child into their care
before they are eligible to receive a Foster C@ildnt and many carers do not have
the knowledge or means to do this. The simulationSAMOD therefore vastly
overestimatehe actual number of individuals receiving a Fo§hild Grant. This is
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not seen as an issue as it is arguably more impddeknow how many children may
be eligible for this grant (given that they havetldoth their parents) rather than
knowing how many are actually claiming, especialéyactual numbers of recipients
can be obtained from administrative data.

The other incidence where an approximation is nvaldieh is worth noting is in the
application of the income means-tests to deterneiingibility for the majority of
social grants. Here the major difference lies ia ffct that the income test for some
social grants also includes the value of assetsedvioy the household or earnings
arising from the disposal of assets. Asset valueshat recorded in the IES and the
asset test can not be applied in the simulations.

Taxation

Compared to the calculations for the simulatiors@gial grants, calculating personal
income tax liability is significantly more compliel. However, as the payment of
income tax is only recorded at the household lavehe IES and the data are not
accurate, it is preferable to simulate personadnme tax. Building a personal income
tax policy into the model also means that it isgilale to simulate policy changes,
which is a key requirement of the model.

Again, data constraints meant that the simulatednre tax policy in SAMOD is a
simplification of the actual policy rules. The mainallenge in calculating tax liability
is that certain income and expenditure items wlaoh necessary for calculating
individual liability for personal income tax arelgmprovided at the household level.
These include: lump sum payments from insurance @edsion schemes;
contributions to private medical schemes; emplogentributions to health care
insurance; and individual expenditure on healthecdn these cases the amounts
recorded at the household level are assigned tonthe earner in the household (or
apportioned between the main earners in each faatitprding to income if more
than one family lives in the same household). Idigl and employer contributions
to pension schemes are also reported at the hddskvel but the data appear to
significantly underestimate the value of these gbuations. There are a large number
of pension schemes in South Africa and each vandgerms of the contributions
made by the employer and employee. As it was nssipte to simulate the rules for
each individuals scheme (it is not even known wipalticular scheme an employee
belongs to) average contribution rates were appbesil employees. A recent survey
by a South African pension fund estimated that,awarage, individuals contribute
5.5% of gross salary to pension schemes and emplagtribute 9.7% (Sanlam
Employee Benefits, 2008). These average estimates tverefore applied to all wage
earners to estimate individual and employer penstmtributions.

Tax evasion was not taken into account in the strans. In countries with a large
informal economy rates of tax evasion are likelybeohigh. However, even though
the informal sector is sizeable in South Africar{ast 40% of the labour force) tax
collection is considered to be reasonably effici€hteberman, 2001) and the
threshold at which earners begin paying tax isigb bp the income distribution that
very few informal sector workers are likely to l@ble for income tax. Assuming no
tax evasion occurs it is estimated that there vweeoaind 4 million tax payers in
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2008°. By comparison there are around 8 million formeadtsr workers (Statistics
South Africa, 2008b), and these formal sector warkare likely to have higher
earnings than informal sector workers. Thus, gitrext around half oformal sector
workers earn too littldo be liable for income tax, it is fairly unlikelfhat many
informal sector workers will earn enough to be liable fosame tax. For this reason
tax evasion due to a large informal sector is nmsaered to be a significant
problem.

4.3 Model validation and simulation results

The extent to which the output from a microsimwaatimodel needs to replicate
reality is debatable. There is a balance to belkipetween generating realistic results
and adjusting the micro-data to produce such meshfiost surveys do contain
deficiencies in the data; however, unless thergarecular known problems that can
be easily (and robustly) addressed it is genepaklyerable to adjust the micro-data as
little as possible. There are various methods 6flaang model output, for example,
by comparing indicators of poverty and inequalityaggregate data on tax revenue
and social expenditure. In some cases discrepaheiggeen simulated and recorded
figures may not be an issues, this depends verjhroachow the simulation results
are to be used. However, validating model outpatuseful test of the robustness of a
microsimulation model and can highlight the stréasgind weaknesses of the model.

First, looking at indicators of poverty and ineqiy@lSAMOD simulations produce an
overall poverty rate of 47.1%, based on a poventy bf R462 per capita per month.
This poverty line is based on the lower bound ef ploverty line used by Hoogeveen
and Ozler (2004) and also recommended by StatiStiegh Africa and the National
Treasury (Statistics South Africa, 2007b). The ptwdine was calculated using a
‘cost-of-basic-needs’ approach. The value used bggdveen and Ozler (R322 per
capita in 2000 Rands) was updated from 2000 to 20@s using the average
consumer price index for 2007. The Gini coefficiémt South Africa based on the
simulations of 2008 policies is 0.66. Comparableegoty and inequality figures are
extremely hard to obtain due to the absence ofladguupdated national surveys
providing detail about household incomes. Howeyemstronget al. (2008) report
poverty rates of 47.1% in 2006 and a Gini coeffitief 0.72 and Streast al. (2008)
report a poverty rate (for adults only) of 45.2%sdxh on a poverty line of R556 in
2007 Rands.

Second, considering tax revenue and expendituisoial grants, Table 1 and Table
2 below compare the simulation results from the #81g2008 policy system in

SAMOD with actual results obtained from the Souflidan Social Security Agency

and the National Treasury. Table 1 shows the e$oittthe social grants and the UIF
and Table 2 shows the results for direct and ictlit@xation. It should be noted that
although 2008 policies are modelled for the purpaxfethe calculations in this table,
the data-set still relates to the mid-point of 200 us, some differences will be due
to change in income, expenditure and populationadgaphics occurring between

8 From SAMOD simulations.
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these two time periods. The figures in Table 1 hasen adjusted to assume take-up

rates of 90% for all social granfs

Table 1: Comparing SAMOD simulations with actuglfies (social grants)

Policy Number  of | Number of | Total Total
claimants —|claimants —| expenditure expenditure
July 2008 | July 2008 | million R per | million R per
(actual)*® (predicted by | annum — July | annum — July
SAMOD) 2008 (actual§ | 2008
(predicted by
SAMOD)
Child Support 8,273,859 9,337,745 19,857 23,531
Grant
Foster  Child| 461,573 753,500 3,434 5,877
Grant
Care 103,794 115,921 1,084 1,308
Dependency
Grant
Disability 1,416,841 1,355,917 * 14,182
Grant
Old Age Grant| 2,255,471 2,327,290 * 23,598
Grant-in-Aid 39,996 32,406 96 82
Unemployment 464,335 44,496 * 249
Insurance Fund

* figure could not be obtained

In Table 1, the majority of the simulated and akfigures match quite well with the

exception of the Foster Child Grant and the UIRhim case of the Foster Child Grant,
as discussed previously, the simulations seek tilma® the number of potential

foster children rather than the number who haveadigt undertaken the necessary
procedures to claim a grant. For the UIF, the fgsinown for the actual number of
claimants relates to the number of claims made(862(Meth, 2008a). As many

claimants are only able to claim the grant for arslperiod (a month or less) it is
likely that the caseload at any single point inetiifas presented in the SAMOD
simulations) is likely to be much smaller. Giveratththe Unemployment Insurance
Fund currently has relatively few claimants thisi@ considered to be a significant
problem. However, if the UIF were to be expandedhia future, there would be a
need to improve how this benefit is simulated invVE2D.

" Those taking up grants are randomly selected frendata.
18 Figures for social grants obtained from SouthdsfrSocial Security Agency, July 2008
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Table 2: Comparing SAMOD simulations with actugufies (direct and indirect
taxation), based on policies in place in July 2008

Policy Revenue million R per| Revenue million R per
annum (actual)*® annum (estimated from
SAMOD)
Personal income tax 155,335 134,779
VAT 155,068 61,722
Excise 16,527 8,885
Fuel excise 23,938 5,202

Considering the results of the taxation simulatimn$able 2, the simulated value for
personal income tax is close to the actual reconddde which suggests that the
income up-rating process was reasonably accuratethe indirect taxes, there is
clearly a considerable shortfall between the actaadl simulated amounts.
Expenditure by households does not represent tia¢ eémpenditure on goods and
services in South Africa. For example, the treasWAT figure will include
expenditure by overseas visitors and the fuel exfigure includes expenditure on
fuel in the commercial sector. To some extent tiwtfall in all the taxation figures is
due to the difference in household incomes betva8€lY and 2008 as 2008 policies
are simulated assuming 2007 household incomest. idglifficult to judge the extent
to which the differences between the simulated repdrted values are due to under-
reporting of expenditure in the IES or non-houséhekpenditure, the household
expenditure data has not been adjusted upwardsnpoove the match between
simulated and recorded indirect tax revenues.

5. Adapting EUROMOD for South Africa — technical issues and other challenges

The previous sections have discussed issues whéckkaanmon when building any

type of microsimulation model, namely, what sorinaddel is needed and how can it
be best designed to simulate reality given the tcaimés imposed by the data
available. This section considers some of the ntecknical challenges associated
with adapting the EUROMOD platform to a differemuatry and the issues arising
due to differences between European Union counamelsa developing country such
as South Africa.

5.1 Adapting the EUROMOD platform for another country

In brief, the process of adapting EUROMOD for So#tiica involved changing
certain elements of the Excel-based front end dREBMOD. The ways in which the
EUROMOD design could be changed were limited atoeparameters could not be
moved or changed. However, necessary changes satenaoving all existing
European countries from the model were possibladtfition, a new set of parameter
files and a micro-data set were created for Soutic#& These simply replaced the
existing parameter files and micro-data containethiv EUROMOD. It was not

9 Figures obtained from the National Treasury Estmaf Revenue (2007-08), published in February
2008.
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necessary (or possible) to make changes to the BB ‘calculation engine’ and
this remains identical in EUROMOD and SAMOD.

The fact that the EUROMOD interface is built in Ekcmeans that it is
straightforward to change the overall design arok lof the model. Figure 1 shows
the main operating screen of SAMOD. The underlystigicture of the model is
identical but the design has been changed to caeighbetter suited to a single-
country model.

It is also reasonably straightforward to amend dtedog boxes so that the captions
and contents are appropriate for SAMOD (see Figre

Although the design of the model can be easily tathfp a single country there are
some EUROMOD features which are unnecessary icdbe of a single country but
which cannot be removed, for example, parametdeting to exchange rates. In
addition, it is not currently possible to remové @untry-specific variables from

EUROMOD which results in a number of ‘unnecessaayiables’ remaining in the

model.

Figure 1: SAMOD main operating screen
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Figure 2: Run SAMOD dialog box
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The fact that it is possible to add and deletealdeis and construct new variables
following a standard naming convention is a verjuahble feature of EUROMOD.
Many of the variables required to model the tax badefit system in South Africa
could not be constructed from the existing acrorfyrae new ones had to be added.
However, the fact that all variables must be nafoldwing a standard convention
makes the process of adding new variables straighdid and transparent to the
model users.

The only part of the EUROMOD design that is nottigatarly suitable for a single-
country model is the summary statistics tool. EURQIMis designed to produce
comparable statistics across a range of countimsever, the statistics included were
not the ones of most interest for South Africaadidition, there was a further problem
in that the size of the South African data set (@93 cases) is too large to be
processed in Excel so, in fact, this tool couldl®used with the South African data.

Feedback from future SAMOD users indicated thaimlmer of tools, which could be
used to quickly calculate various basic statistfos example, the number of people
entitled to receive a particular grant or the povéeadcount) would be very helpful.
A number of tools were developed to present thramsary information in the Stata
software package. As well as being more flexiblethte particular needs of the
SAMOD users, these tools have the advantage tegtdhrry out calculations much
more rapidly than Excel, where it can take consibier time to process a large data-
set. Of course, the drawback of developing toolstirer software programmes is that
users are required to have access to the softvaakage (and some competence in
using it), whereas this is not generally an issith #xcel-based tools.

20 Acronyms are a series of one and two letter cadsh are used to construct variable names in
EUROMOD.
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5.2 Challenges of a developing country
Family structures

Adapting EUROMOD for South Africa presented a numtsiechallenges due to the
differing nature of household structures and refethips in South Africa. In fact the
household itself as a unit of analysis has beeneargo be somewhat inappropriate
for many individuals living in countries like SoutAfrica (Haarman, 1999).
Westernised analyses tend to treat the househaddsa#f-contained unit and ignore
its relationship with, and economic dependenceatayider community. Certainly, it
is true that many households in South Africa hayféerént compositions from
households typically seen in Europe. For exampeylg 20 per cent of households
contain children, working age and old age adtilsnd many households contain
multiple families. Many working age individuals d@@ced to migrate in search of
work and this fact coupled with the incidence oWVHAIDS means that many children
are cared for by people other than their biologpaaients and there is an increasingly
large number of child-headed households. Theserdiftes in household structures
have implications for the analysis of simulatedadatterms of the assumptions made
about income pooling between household members. eMeny there are also
implications for the method used to specify relagioips in SAMOD.

As discussed above, relationship information isaw@ilable in the IES data with the
exception of information on partners and so childmeere linked with carers
following the application of a series of rules. BEWROMOD a child’s parent would
be their biological parent or legal guardian; hoeregiven that many South African
children do not live in the same household as thaients because their parents may
have migrated in search of work or died, the petigentified as the ‘parent’ in the
South African data is actually the child’s mainerarFortunately policy design in
South Africa has also adapted to better reflectilfastructures and child grants are
provided to the child’s main carer regardless oétlier or not this person is a direct
relation to the child. Thus, the variable linkingrents and children can easily be used
in SAMOD to link children to their carers. As theseno need, in policy terms, to
identify the biological parent or the legal guardiaf the child in addition to the
child’s ‘carer’, this poses no problems. Howevérmath the child’s carer and their
parent or legal guardian had to be identified ia tata then this would be more
difficult in the current model set up.

Child-headed households

Although child-headed households are not generfallynd in European countries
these households actually did not present a prodl@mSAMOD. EUROMOD
identifies the person in the household who hadatgest income (or the oldest person
otherwise) as the head of the household and doesnpose the condition that the
head of the household has to be over 18. Thusuaehold head could be identified
for child-headed households and the model was tabéecept the presence of these
households in the data-set without generating @om.er

Polygamy

2L From calculations on the 2007 Community Survey.
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Multiple marriage is not common in South Africa bsitstill a phenomenon which is
widespread enough to be worthy of consideratiortemms of its impact on the
simulations in SAMOD. It is not clear the extentwhich multiple marriages were
accurately or comprehensively captured in the sudaga as an individual’s partner
could only be identified if they were physicallywihg in the same household.
However, there were some incidences where multgenen in a household were
recorded as having the same partner so clearhgpolpus households were captured
in some cases. EUROMOD is not designed to processtipte-marriage
arrangements. Individuals are linked to a partared their partner is likewise linked
to the original individual. In other words both pé® must be recorded as being each
other’s partner in order for the model to recogniss they are a couple. Hence it is
not possible for one individual to be the partnemare than one other person. This
has implications for the way in which means tes¢sagplied as these generally relate
to the income of an individual and their spousetl{@y have one). Thus, the means
test may not be properly applied if the spouse cabe identified due to multiple
marriage. The number of cases in which this ocaursmall; however, it is worth
noting that multiple marriage structures cannotdmagnised in SAMOD simulations.

6. Summary and conclusions

This paper has provided an overview of the constmcof the South African
microsimulation model (SAMOD). The need for a nevenmsimulation model arose
due to a need in government to carry out policyusations internally without
reliance on support from outside. The model desigd to be flexible so that new
policies could be added and tested. In additioa,ntodel needed to be designed so
that minimal specialist software or IT expertiseswaquired. The EUROMOD
microsimulation model constructed for countriestive European Union fulfilled
many of the requirements for the South African ni@a was selected as the base
from which to develop SAMOD.

The main challenge in building SAMOD was constmgtan up-to-date base micro-
data set that contained all the information neegdsamodel the main components of
tax and benefit policy in South Africa. In the eaccombination of data-sets drawn
from national surveys were used and various tectesiggmployed to update the data
and impute missing information.

Re-designing EUROMOD to fit the requirements of thoifrica and adapting it from

a multi-country to a single-country model provedbi® reasonably straightforward.
Given this, it would not be a major task to updafeMOD as the EUROMOD model
is improved over time and new features are added.

Many of the issues that had to be considered addessed in the development of
SAMOD are ones that commonly arise in the creadiany microsimulation model,
for example, where to source appropriate micro;datav to replicate the tax and
benefit system as closely as possible and how terpret the output. However,
constructing a microsimulation model for South g#&ibased on the European model
EUORMOD presented some particular challenges dtieetdiffering nature of social
structures in South Africa. In particular, the difiig nature of household and family
structures cannot always be properly captured @ riodel simulations. These
differences are not thought to have a significanpact on the model’s validity.
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