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Introduction

Microsimulation methods are increasingly used as an input to the process of policy setting in central government. Such methods have been used by civil services and central policy setters in the United Kingdom for decades. One can find examples of microsimulation models in many departments of government. A number of “traditional” microsimulation models are targeted at modelling the effects of reform to tax and transfer payments. However, many other microsimulation models have been designed with specific policy questions in mind (the National Road Traffic Forecast model and the Household Formation model  at the Department of Transport, the Long Term Care Cost model at the Department of Health; the  Labour Market Model at the former Department for Education and Employment). In this paper, our main concern is with the issue of modelling individual employment responses following some tax or welfare policy reform. For this reason, our attention will be restricted to the subset of models which capture the effects of income tax and welfare policy reform on household incomes and patterns of employment. 

In the main, the more technical “state of the art” methods of microsimulation (principally those which involve the prediction of behavioural responses) have, until recently, been under-utilised in the “in-house” models typically used by research departments of the UK civil service. In the main, in-house modelling methods have tended to be largely static in nature, in the sense that consumer behaviour of various sorts (consumption behaviour, labour supply and employment behaviour, the decision to use childcare etc.) has been taken as given. That said, it is also true that increasing use is being made of behavioural microsimulation methods in the central policy setting environment, either through the development of in-house research programs to build behavioural components into existing static microsimulation models, or by commissioning the external academic community to evaluate or simulate behavioural responses following some policy reform. 

The idea behind this short paper is to describe the extent to which microsimulation methods are used in central government in the UK, and how central policy setters liaise with the academic community on questions of public policy interest. We will take as a case study the recent introduction in the UK of the Working Families’ Tax Credit, a new system of support for low income or part-time working families.

The role of microsimulation in UK policy setting

It is worth spending a little time setting out the variety of microsimulation methods available to the central policy setting community. As has been indicated, there are a number of ‘in-house’ models in government and civil service departments which provide information to those concerned with policy formation. Some have been around in some form or another for over 20 years. Others are more recent innovations, and are designed to address questions of growing policy concern (for example, the issue of pension provision in an ageing population).  

There are also a number of models maintained by public policy research institutes in the United Kingdom which can inform the policy debate, and which have, on occasion, been used by government departments to provide information not available centrally. In this paper, we focus just on the microsimulation capabilities offered by the Institute for Fiscal Studies (IFS). This is not to deny that there are a number of other research centres who have microsimulation capabilities of their own
. Nevertheless, the Institute for Fiscal Studies has a long tradition of using microsimulation methods in its policy commentary, and a history of liaison with government departments on questions of policy concern. Moreover, the specific case study described in this paper relates principally to work by Institute for Fiscal Studies which fed into the policy debate  on the WFTC. For these reasons, and given the author’s familiarity with the work of the Institute, we restrict attention to a description of microsimulation methods in government departments, or at the Institute for Fiscal Studies. 

I. I 
Microsimulation in Central Government

I.A The Inter-Governmental Tax Benefit Model (IGOTM) at HM Treasury

The Inter-Governmental Tax Benefit Model (IGOTM) is perhaps the longest-serving tax microsimulation model in government. It is a static tax-benefit model which can be used to calculate the distributional effects of reform to the tax or social security system. Data used are drawn from the UK’s Family Expenditure Surveys, grossed up to reflect employment and demographic patterns among the UK population. The model calculates the changes in taxes paid and benefits received by different household types under alternative policy scenarios. Results may be disaggregated by income decile, geographic region, family type, employment status etc. In many senses, IGOTM is a classic static tax microsimulation model in the tradition of the Institute for Fiscal Studies’ tax benefit model TAXBEN. Indeed, there have been formal audits of the similarity in the results produced by IGOTM and TAXBEN, which have concluded that the two models produce largely similar results.
 It is used widely in government, not only by HM Treasury but by other government departments (including the Inland Revenue, Customs and Excise and the Office of National Statistics).

There are a number of limitations with IGOTM which have required that some microsimulation work be “out-sourced” to other departments or to the academic policy community. The model has no behavioural elements, which makes it difficult for researchers using IGOTM to pass comment on the employment effects of tax or benefit reforms. Moreover, the model functions only on Family Expenditure Data, which limits the precision of simulated results given the relatively small size of that source of data compared with other, newer sources. 

I.B The Policy Simulation Model (PSM) at the Dept for Work & Pensions

The Policy Simulation Model at the Department for Work and Pensions is equivalent to IGOTM in many respects. It is a static microsimulation model based on a large and representative sample of micro-data taken from the Family Resources Survey (FRS). As with IGOTM, the PSM microsimulation model calculates tax liabilities and benefit receipts under alternative policy scenarios. Comparisons of net household incomes, along with detailed caseload figures and Exchequer costings under alternative tax systems, are presented. Disaggregated results are produced to examine the distributional effects of policy reform. The PSM includes some careful calibration methods to align the model’s caseload predictions with those observed in the DWP’s own administrative data. This involves the application of calibration factors to different sub-groups in the sample of data.

The PSM arguably enjoys a greater degree of statistical precision in its simulated results than the IGOTM, principally because it is based on a much larger source of data; the FRS, on which PSM is based, comprises some 25,000 households per year, compared with around 8,000 households for the FES data used in the Treasury’s IGOTM.
 The PSM Again, the PSM model is largely non-behavioural. No endogenous controls for employment, labour supply or benefit take-up are included in the current version of the model, which limits its ability to repond to certain questions regarding the likely impact of benefit reform on the labour market. However, there are plans to incorporate labour supply modules into PSM for certain groups in the population with flexible patterns of employment.

I.C The Pensions Simulation Model (PENSIM) at the Dept for Work & Pensions

The Pension Simulation Model PENSIM at the Department for Work and Pensions represents a very different form of microsimulation model to the two models previously described. It has been designed to analyse very specific questions regarding (i) the likely impact on pensioners’ incomes over time on current trends, and in the face of current policies, and (ii) the potential current and future impact of policy reform in as much as it affects pensioners’ incomes. 

The style of the model is, by necessity, very different to the classic static tax microsimulation model, since it requires very specific structural assumptions regarding pensioners’ patterns of income and employment, and the future demographic profile of the current population of pensioners. The most recent versions of PENSIM currently under development at DWP are also factoring ‘life events’ (marriage, divorce, child-bearing, death) into the dynamic pension simulation model. 

PENSIM is a very ambitious microsimulation model, yet one in which the DWP have demonstrated a high degree of commitment. Model output continues to be used to inform policy debate on the path of pensions policy into the future. Significant resources have been directed towards fundamental improvements in the model (including the use of discrete time stochastic simulation methods, the linking of a broad suite of appropriate data sources, improved models of employment, and the use of innovative calibration methods to align microsimulation results to administrative data and actuarial projections). 

I.D The “Macro Model” (MM) at the Bank of England

The Bank of England run a number of economic models to support and inform their policy decisions, chief among which is the Bank’s core macroeconomic model, or “Macro Model”. The most prominent current user of the Macro Model is the Monetary Policy Committee (MPC) of the Bank of England, the committee set up by the current Chancellor of the Exchequer, Gordon Brown, during Labour’s first term in office following their re-election in 1997. The role of the Monetary Policy Committee is to set interest rates in order to attain the Government’s key monetary objective of a 2½% inflation rate on the RPIX measure (which excludes mortgate interest payments). Many of the forecasts and projections used by the MPC to inform their decisions are generated by the Bank’s Macro Model. In particular, the quarterly Inflation Report published by the Bank of England contains a digest of projections, most of which are generated by the Macro Model, on the path of the UK economy.

The Macro Model is a one-sector model of the UK economy, containing around 20 econometrically estimated equations and 200 economic variables. The model describes the long-run equilibrium of the economy in terms of seven key measures; (i) output, (ii) demand for labour, (iii) demand for capital, (iv) unit labour costs, (v) aggregate demand, (vi) money demand, and (vii) monetary policy (which includes the interest rate, which in turn impacts on price levels through some “reaction function”. Unlike the other models in this section, the Macro Model is essentially time-series in nature. Because of its relatively abstract structure, it is unable to capture the detail of some tax or welfare policy reform in its counter-factual forecasts. The relationship between employment and taxes or welfare policy is expressed through a demand for labour function, which itself is conditioned on some measure of aggregate labour market participation. Participation is allowed to depend on taxes and transfers at an aggregate level, which gives at least some feedback into the broader macro model, but this is typically not sufficient to capture the detailed effects of, say, the WFTC reform on employment rates across different sectors of the economy, or across different labour skill types. (Indeed, the Macro Model was never designed with this in mind). 

When the Monetary Policy Committee requires extra information on the likely economic effects of tax or welfare policy, or of recent labour market trends, it typically accesses projections from other economic models. These models may either be maintained within central government, or be run by external academics or public policy organisations. 

I.E Microsimulation at the Institute for Fiscal Studies

The Institute for Fiscal Studies (IFS) enjoys a reputation as an authoritative and independent commentator on issues of public policy concern. It is able to pass objective comment on proposed or actual policy reforms, and analyse the impact of those reforms in depth and from a variety of perspectives. Its ability in this regard owes much to the development and maintenance of a suite of microsimulation models which have been designed to provide quantitative information on the incidence, welfare effects, and behavioural impact of tax policy reform.

In the context of modelling the effects of personal taxation (direct or indirect) and welfare transfer payments on individual behaviour, the following three microsimulation models are most relevant: 

The Tax-Benefit Model (TAXBEN)

TAXBEN is the longest-serving of the Institute’s  tax microsimulation models. It is a static model which looks at the detailed distributional impact on household net incomes of a set of user-defined counterfactual tax and transfer systems in the United Kingdom. Output from TAXBEN includes; distributional analyses of gainers and losers following any tax reform, disaggregated by income decile, socio-demographics, geographical region, household type etc; measures of differences in caseload and overall net cost to central government of a tax reform, disaggregated by individual tax or welfare programme; graphical analysis of the impact on household opportunity sets of a change in the tax system; measures of tax incidence, inequality etc.

The architecture of TAXBEN allows for complex grossing-up, uprating and calibration methods. Because of its modular structure, TAXBEN can also operate on a range of alternative microdata sources (Family Expenditure Survey, Family Resources Survey, Labour Force Survey etc.). Optional modules in TAXBEN allow for incomplete take-up of certain welfare payments.

As with the government’s own models (IGOTM or PSM), TAXBEN is static, in the sense that behavioural responses to tax or transfer reform are ignored. This potential weakness was the main motivation for the development of behavioural tax microsimulation models at the Institute, two of which are described in more detail below: 

The Simulation Program for the Analysis of Incentives (SPAIN)

The Simulation Program for the Analysis of Incentives (SPAIN) is a behavioural tax microsimulation model which combines output from TAXBEN with a detailed econometric model of household labour supply to simulate the effects of tax or welfare reform on the labour supply of the main demographic groups in the United Kingdom (principally single parents, married couples, and single men and women). SPAIN operates by generating full opportunity sets (ie. budget constraints) under counter-factual tax systems for a large sample of households using TAXBEN. The econometric model of labour supply is then brought to bear on these opportunity sets, in order to simulate the ‘optimal’, or most preferred level of labour supply for each individual under each tax regime. SPAIN summarises any differences in modelled behaviour, and feeds those differences back into TAXBEN in order that the simulated costs to the government of a tax reform may be adjusted to account for behavioural change. The early incarnations of SPAIN were documented by Blundell, Meghir, Symons and Walker (1986) and Duncan (1990), and were based on continuous econometric models of labour supply. The downside of this approach was that the simultaneous modelling of the decisions of two-adult households proved difficult.

Later versions of SPAIN take a slightly different approach, whereby labour supply decisions are modelled as the outcome of a discrete choice among a finite set of hours alternatives. This approach is increasingly prevalent in the econometric literature
, and is one which allows for the joint modelling of household labour supply decisions. It also avoids some of the more challenging difficulties when dealing with non-linear taxes in econometric estimation. In simulation, one is then able to predict simultaneous responses among each member of a two-adult households, something which is of particular importance when eligibility to particular welfare programmes depends on household income, and is therefore influenced by the labour supply of each member of the household. The econometric models and the simulation methodology which underpin the latest version of SPAIN are described in the Technical Appendix to this paper. 

II. A Case Study: modelling the behavioural effects of the Working Families’ Tax Credit in the United Kingdom

The recent debate fo the introduction of the Working Families’ Tax Credit (WFTC) in the United Kingdom in October 1999 is a prime example of the need for behavioural microsimulation which may be accessed by central policy makers. The WFTC is an employment-contingent means-tested subsidy to part-time or low-paid employment, delivered through the tax system in the form of a tax credit. The predecessor to the WFTC, Family Credit (FC), was structurally very similar to WFTC. However, FC was delivered more traditionally, as a means-tested transfer payment, and was less generous than WFTC, particularly among working families who used some kind of paid formal childcare. 

In the first session of its recent re-election, the Labour Government proposed that Family Credit should be replaced by the WFTC, on the basis that it would “improve employment incentives and reduce poverty among families with children”. However, the specific claim that the WFTC would promote employment was not tested empirically prior to its introduction. Rather, the claim was justified on the basis of modelled improvements (ie. reductions) in replacement rates among target groups under WFTC, and on previous empirical evidence of the employment effects of Family Credit, which was structurally very similar to WFTC. 

Family Credit was, until 1999, the main UK in-work benefit. It was designed to provide support for low wage families with children who are working. A family with children needed to have one adult working 16 hours or more per week to qualify for FC. Each family was potentially eligible to a maximum amount, depending on the number of children in the household and a small addition if they worked full time. This maximum amount was payable if the family’s net income (after income tax and National Insurance Contributions) fell short of a threshold (£79.00 per week in 1998-99). Net income in excess of this threshold reduced entitlement to FC from the maximum by 70p for every £1 of excess income. The basic structure of FC is shown as the darkest shaded line in Figure 1.

Figure 1: The Replacement of Family Credit with the WFTC
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The WFTC is substantially more generous than Family Credit. By the end of the century, the government expects to be spending £5bn per year on the WFTC, which is £1.5bn more than was expected under FC. The WFTC has increased the generosity of in-work support relative to the FC system in four ways:

· by increasing in the credit for children under 11 (from £12.35 per child under FC to £14.85 under WFTC)

· by increasing the threshold below which full payment is made (from £79 under FC to £90 per week under WFTC)

· by reducing the withdrawal taper (from 70% to 55%)

· by introducing an additional childcare credit into the WFTC (of 70% of actual childcare costs up to £150 per week).

The effects of these changes relative to FC are also shown in Figure 1. Those who received the maximum payment under FC have seen a small increase in the level of their payment if they have children under 11. Those with net incomes between £79 and £90 have moved from being on the taper to receiving maximum support. The others on the taper have seen the taper rate fall from 70% to 55%. The largest cash gains have gone to those people who were at the end of the FC taper, but who are now entitled to in work support under WFTC.

The final element of the increased generosity of the WFTC reform is the childcare credit. This replaces a less generous childcare disregard in Family Credit which suffered from very low levels of take-up. The credit increases the maximum amount of WFTC by 70% of childcare costs up to a maximum of £100 per week for those with one child or £150 per week for those with two or more children. The credit is available to lone parents and couples where both partners work more than 16 hours per week. The effect of the credit is also illustrated in Figure 1.

It should also be noted that other means-tested benefits (principally Housing Benefit and Council Tax Benefit) may also be payable at the same time as Family Credit/WFTC. In these cases the increase in the disposable income of a family may not be the same as the increase in the level of FC/WFTC payment as entitlement to other benefits may be reduced. These interactions with other benefits are fully accounted for in the simulation methods employed by the Institute for Fiscal Studies.. 

II.B Simulating Employment Responses to WFTC: the Institute for Fiscal Studies’ behavioural microsimulation model 

The WFTC is designed to influence employment incentives among those with low potential returns in the labour market. It does this via the increased generosity of in-work means-tested benefits. This does indeed increase the work incentives for certain groups. However, in some cases, the incentives created by the WFTC lead to lower participation in the labour market. In this short section (supplemented by a more detailed Technical Appendix), we summarise the methods of labour supply estimation and behavioural policy simulation employed by the Institute for Fiscal Studies when examining the particular employment incentive questions raised by the introduction of the WFTC.

Data

We use the Family Resources Survey to examine the income and incentive impact of tax credits. This is an annual budget survey of individual, family and household incomes, characteristics and labour market attachment. It is a new survey in the UK and contains a much larger and more representative sample of households than the surveys, principally the family Expenditure Survey, on which the vast majority of previous work has been carried out. For this analysis, we use the 1994-95 and 1995-96 FRS datasets, together combining information on over 50,000 UK households. We select for our empirical work two samples; single parent households and married or de facto married couples. Excluding self-employed and retired households, together with students and those in HM forces, leaves samples of 1807 single parents and 4694 two-person households for use in estimation. 

Net Incomes 

To generate net incomes, the Institute for Fiscal Studies’ tax and benefit model TAXBEN was used. TAXBEN is a microsimulation model of the UK tax and benefit system that calculates taxes due and benefit entitlements for the Family Resources Survey (FRS) data. TAXBEN calculates the financial returns for each working age individual to employment at all possible hours by calculating gross and net incomes at these levels. For workers we assume their current wage remains unchanged, and for non-workers, we estimate wages using a wage equation based on their characteristics. The use of TAXBEN combined with varying the potential hours of individuals allows us to generate highly accurate budget constraints for each individual in the survey in order to estimate the labour supply effect of the reforms to taxation.

Childcare expenditures and childcare use

The childcare credit component of the Working Families Tax Credit could potentially offer generous benefits for those women who purchase some form of registered formal childcare. It is therefore important both in estimation and in our simulations of the work incentive impact of the WFTC reform that we account in some way for childcare expenditures. Ideally, we would like to observe actual childcare expenditures and childcare use among the full sample of women drawn from the Family Resources Survey. Previous work
 has established that up to 30% of non-working households may purchase formal childcare to some degree, which suggests that any model designed to assess work incentives in the presence of childcare ought ideally to include childcare expenditures among non-working households. However, these data are not available to us. Instead, we are forced to impute childcare expenditures because the Family Resources Survey neglects to record childcare expenditures among non-working households. 

Our strategy (also described in a Technical Appendix to this paper) uses sample information on hourly prices of childcare, and the relationship between formal hours of childcare and hours of work. We allow for the fact that similar households may purchase different types or levels of childcare by using information on the distribution of childcare prices paid by specific demographic groups directly in our estimation procedure. By doing so we are able to simulate a range of possible values for the childcare credit component of the Working Families Tax Credit for each member of our sample, in order to pick up more authentic behavioural responses to the WFTC reform.

II.C Econometric Labour Supply Estimates

To estimate models of the labour supply behaviour of single parents and two-person households, one needs to control for the presence of potentially complex and non-linear tax structures. One also needs to recognise that the fixed and child-related costs of working may well be an important consideration for those deciding whether or not to participate in the labour market. With this in mind, we model the labour supply of single parents as the outcome of a discrete choice where weekly hours of work could take any one value in the set {0, 10, 20 30, 40}. For married or cohabiting couples, a cursory view of the data reveals that male partners are essentially faced with the simple choice of whether or not to work. Conditional on working, male partners tend in the main to work somewhere between 35 and 40 hours per week, with few men in part-time employment. In consequence we choose to model the household labour supply decision of a two-person household by restricting the male partner to choose between 0 hours and 40 hours. For the woman we allow for hours choices to take one value in the set {0, 10, 20 30, 40}. Our estimation method (described more fully in the Technical Appendix) takes full account both of child-related expenditures and fixed costs of work. Child related expenditures are allowed to vary with hours of work.

The variables we include to pick up variation in tastes for work include indicators for the age of the youngest child (0-2, 3-4 and 5-10), the age of the mother (squared also), whether or not the mother left school at 16, and the number of pre-school children in the household. To model the employment probability among labour market participants we include among the available data regional indicators (Metropolitan area, Greater London and North), together with years of formal education (squared and in levels) and age. And to pick up any systematic differences in fixed costs we include as instruments the age and number of children in the household, together with regional indicators (Metropolitan area, Greater London).

The complete labour supply models for single parent and married or cohabiting households are presented in Tables A3 and A4 of the Technical Appendix. The first column of Table A3 reports estimates for a model of single parents' labour supply behaviour with no controls for childcare expenditures, whereas the second column relates to a model in which we impute childcare expenditures for single parents of different demographic types.  For married or cohabiting couples we compare a number of alternative specifications. In Table A4 the first columns correspond to joint models of household labour supply behaviour with no controls for childcare; the second controls for childcare in the manner described in our Technical Appendix. As an alternative scenario, and to test the sensitivity of our household results, the third column restricts childcare expenditures to be zero for households with non-working heads. Finally, the fourth column compares the joint model with one that fixes the labour supply of the male partner at his observed hours level. The behavioural model underlying this fourth specification assumes that the male partner is inelastic in his supply of labour, and the woman makes her labour supply choices conditional on her partner's hours.

Single parents

Turning to the parameter estimates for our sample of single parents, we see some differences between the models with and without controls for childcare. Specifically, we find the marginal utility of income among single parents to increase once childcare costs have been controlled for. We use this second set of estimates for policy simulation, for the reasons described earlier. Concentrating on these, we see in general terms that the model is consistent with economic priors. The marginal utility of income increases at a decreasing rate with the level of income. Similarly, the marginal disutility of hours decreases with the level of hours. Higher educated women prefer to work longer hours, as do women with older children.

The fixed cost parameters are jointly highly significant, with average fixed costs imputed at around £65 per week for the reference group. Fixed costs are modelled to increase with the number of young children in the household, and decrease for those in Metropolitan areas outside Greater London.

Married/cohabiting households

Estimates of household labour supply decisions among two-person households are reported in Table A4. Since the male labour supply decision is essentially binary, it is not possible to identify separate fixed cost and employment probability parameters for the male partner. Hence, the reported parameters in Table A4 relate to fixed costs and employment probabilities for the women in the household. The controls for childcare expenditures have again had some impact on modelled preferences for work and income. Among estimated taste parameters we see again an increased but diminishing marginal utility of income, highest among households with primary-school aged children. 

Generally, the marginal utility of hours for men is relatively small, suggesting a lower hours elasticity than for women in married or cohabiting couples. It is interesting to see the contrast in the effect the presence of young children have on tastes for work. Women with young children in the household are seen to prefer to work significantly less than women with older (secondary school-aged) children. For male partners, there seems little relationship between preference for work and the number or age of children. It is noticeable also that preferences for work increase for older males, but decrease for older women, suggesting a move towards single-earner couples as the household ages. Fixed costs increase markedly with the number of young children in the household.

II.D Policy Simulations

We use these labour supply model estimates to simulate the work incentive impact of the Working Families Tax Credit reform. We do this essentially by ranking the potential hours choices for each observation in our samples of single parents and married couples under the current system of Family Credit and following the introduction of the WFTC, using the estimated models of preferences over work and household net incomes. The IFS tax and benefit model TAXBEN generates household net incomes for each member of our FRS samples at each of the range of discrete hours choices {0,10,20,30,40}. A change in labour market behaviour is predicted, broadly speaking, when the preference ranking changes between base and reform (although the precise method of behavioural simulation is slightly more complex, and explained in the Technical Appendix). 

We report in the main body of the text our simulations of the labour market impact of the Working Families Tax Credit assuming 100% take-up of the childcare credit component of the WFTC. We do however consider a number of alternative scenarios to establish to what degree the 100% take-up assumption dominates our results. Specifically, we examine alternative scenarios, which assume zero take-up of the childcare credit component, and a take-up rate of 50%. We must emphasise however that there is no model of take-up driving this latter scenario - we simply nominate a random 50% of our sample to receive the childcare credit component of the WFTC. The simulation results for these alternative scenarios are tabulated in the Technical Appendix.

Table 1 to Table 3 report the results of our simulations for single parent households, women with employed partners and women with unemployed partners under the assumption of 100% take-up of the Working Families Tax Credit. These results are presented both in the form of a matrix of simulated transitions between no work, part-time work and full-time employment under the two systems, and using summary measures of changes in participation rates and average changes in hours among workers and among the full sample. We also simulated joint movements in hours for both male and female members of a two-person household, but found the male labour supply responses to be negligible. We do not report these simulations in the main text.

Single parents

In Table 1 we report the simulated work responses to the WFTC among our sample of single parents. The most common simulated transition takes around 2.2% of the sample from no work to either part-time or full-time work, with no offsetting movements out of the labour market. To take account of sampling variability, we simulate a standard error of 0.42% around this figure, which would admit the possibility that the actual increase could be as much as 3%.  One can clearly see the reason for this shift in our earlier graphs of the potential impact of the WFTC on single parents' budget constraints. At or above 16 hours per week the single parent becomes eligible for WFTC (with any childcare credit addition to which she may be entitled). For some women this extra income makes a transition to part-time employment attractive. Nevertheless, the level of the aggregate behavioural response is perhaps lower than one might have anticipated given the potential cost of the WFTC reform; the 2.2% of single parents who are simulated to move into the labour market would gross up to around 30,000 women in the population. 

We see a minor offsetting reduction in labour supply through a simulated shift from full-time to part-time employment among 0.2% of the sample. This is consistent with a small (negative) income effect among some full-time single women, for whom the increase in income through the WFTC encourages a reduction in labour supply.  Nevertheless, the predominant incentive effect among single parents could be said do be small but positive. 

Table 1: Single parents, 100% take-up of WFTC childcare credit

Transitions



post-reform



pre-reform
out of work
part-time
Full-time
Pre-reform %

Out of work
58.0
0.7
1.5
60.2

Part-time
0.0
18.6
0.5
19.1

Full-time
0.0
0.2
20.6
20.7

Post-reform %
58.0
19.4
22.6
100

Change (%)
-2.2
0.3
1.9


Summary


mean
Std.dev

Change in participation
+2.20%
[0.42%]

Average change in hours (all)
+0.75
[0.16]

Average change in hours (workers only)
+0.22
[0.04]





Average hours before reform (all)
10.20


Average hours before reform (workers)
25.70


Notes:
Transitions tables built by drawing 100 times from the distribution of unobserved heterogeneity and allocating each observation to the cell which yields maximum utility for each draw. Standard deviations for each transitions cell and summary measure are simulated by drawing 100 times from the estimated asymptotic distribution of the parameter estimates, and for each of those 100 parameter draws, applying the method described above to build transitions matrices.
Women with employed partners

For married women the simulated incentive effect is quite different. In Table 2 we report estimates of the transitions following WFTC among a sub-sample of women with employed partners. What we find is a significant overall reduction in the number of women in work of around 0.57%, equating to a grossed-up figure of around 20,000 in the population. This overall reduction comprises around 0.2% who move into the labour market following the reform, and 0.8% who move from work to non-participation. The number of hours worked by women with employed partners is predicted to fall slightly, by 0.18 hours on average over the full sample. 

The predominant negative response is clearly not one that is intended, but from our earlier budget constraint analysis one can easily see why. There will be a proportion of non-working women whose low earning partners will be eligible for the WFTC. The greater generosity of the tax credit relative to the current system of Family Credit increases household income. This increase in income would be lost if the woman in the household were to work. And for those women currently in the labour market, the WFTC increases the income available to the household if she were to stop working.

Table 2 Married women with employed partners, 100% take-up of WFTC childcare credit

Transitions



post-reform



pre-reform
out of work
part-time
Full-time
pre-reform %

Out of work
32.2
0.1
0.1
32.4

Part-time
0.3
31.6
0.0
32.0

Full-time
0.4
0.1
35.0
35.6

Post-reform %
33.0
31.8
35.2
100

Change (%)
0.6
-0.1
-0.4


Summary


mean
std.dev

Change in participation
-0.57%
[0.06%]

Average change in hours (all)
-0.18
[0.02]

Average change in hours (workers only)
-0.03
[0.005]





Average hours before reform (all)
17.34


Average hours before reform (workers)
25.65


Notes:
As for Table 1
Women with unemployed partners

In Table 3 we look at incentives for a sub-sample of women whose partners do not work. For this group we simulate a significant overall increase of 1.32% in the number of women who work, equating to a grossed-up figure of around 11,000 in the population.

The reason for this shift is more straightforward, and stems from the increased generosity of the basic WFTC relative to the current Family Credit system for those women who choose to move into work. Note that for this group the generosity of the childcare credit component of the WFTC is not an issue, since households only qualify for the childcare credit if both household members work 16 hours or more. There is of course potential for both members of an unemployed household to move into work in order to qualify for the WFTC including the childcare credit, but a joint simulation (not reported here) shows that such an outcome is virtually non-existent.

Table 3 Married women with partners out of work, 100% take-up of WFTC childcare credit

Transitions



post-reform



pre-reform
out of work
part-time
Full-time
pre-reform %

Out of work
56.8
0.4
0.9
58.1

Part-time
0.0
22.2
0.4
22.6

Full-time
0.0
0.1
19.2
19.3

Post-reform %
56.8
22.8
20.5
100

Change (%)
-1.3
0.2
1.1


Summary


mean
std.dev

change in participation
+1.32%
[0.16%]

average change in hours (all)
+0.46
[0.067]

average change in hours (workers only)
+0.14
[0.017]





average hours before reform (all)
10.04


average hours before reform (workers)
23.96


Notes:
As for Table 1
II.E User Engagement

The research reported in the previous section essentially represents a summary of work published elsewhere.
 So how was this research used by the policy setting community? The initial terms of reference for the published piece arose from an earlier commission by the Bank of England’s Monetary Policy Committee (MPC). The MPC were concerned that the WFTC might impact heavily on the labour market, to an extent which might affect wage settlements among certain groups of workers, or in certain industries. Given that the brief of the MPC is to set interest rates at a level which keeps UK inflation within a certain target range, any labour market policies which might potentially affect wages are clearly important, and ought to inform their deliberations on the appropriate level for interest rates. Their question to the IFS was relatively clear; how is the WFTC likely to affect employment rates among the UK population?

Initial Commission by the Monetary Policy Committee (MPC)

To respond to the particular terms of reference laid down by the MPC, the Institute for Fiscal Studies embarked on the microsimulation study of the effects of WFTC on labour supply described earlier in this paper. The overall conclusions contained in the report to the MPC were that, overall, the effects of the WFTC on employment rates were positive in sign but small in magnitude, with around 30,000 non-workers being encouraged into some form of paid employment. On that basis, a summary report was prepared for the MPC, and published in the February 1999 issue of the Bank’s Inflation Report.

Figure 1. Bank of England Inflation Report (February 1999)
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Figure 2. Inflation Report (February 1999): Box on the WFTC
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On the evidence provided by the Institute’s report, the MPC felt able to conclude that the initial effects of the WFTC were small enough to be ignored when deciding the appropriate level of interest rates at the period of its introduction. Nevertheless, the Bank of England and the MPC also decided to monitor the effects of the WFTC on employment rates, in order that any longer-term effects might also be picked up and responded to if necessary. 

Follow-Up Study of WFTC incentives for the Bank of England

This commitment to monitor employment patterns has led to further contact between the Bank and the IFS in the light of a recent trend in the UK which has seen a slight fall in employment rates in the second and third quarters of 2001. Employment rates form one of the inputs in the Bank of England’s Macro Model, and feeding such down-turns in employment into the full core model can have non-negligible effects on broader economic forecasts and projections.

The Bank has commissioned a follow-up study of employment patterns using the most recent microdata available, in order to understand the reasons behind the recent changes in employment. They are particularly interested in the extent to which our 1999 simulated projections of employment responses following the introduction of WFTC are supported by recent observed outcomes, and whether any recent deviation can be explained by other factors, perhaps on the demand rather than the supply side of the labour market. This report is due to be presented to the Bank early in 2002.

WFTC Policy Evaluation project for the Inland Revenue

A second, and independent, point of contact with central government on the issue of WFTC has arisen out of a research tender put out by the UK Inland Revenue. Because WFTC delivers financial support in the form of a tax credit, its administration has been taken over by the Inland Revenue.
 As part of an ongoing analysis of the effects of WFTC, the Inland Revenue tendered a contract for an evaluation of the effects of WFTC on employment rates. This is a very different form of analysis to the microsimulation methods described earlier, in the sense that the evaluation takes place after the WFTC has been in place for some two years. Comparative sources of data have been made available to the Institute for Fiscal Studies which embrace the period over which WFTC was introduced into the United Kingdom. Because this allows us to observe patterns of employment before the WFTC was introduced, and after its introduction, the method of analysis is likely to include some of the ‘natural experiment’ methods pioneered in the United States. Nevertheless, this still presents a useful opportunity for the Institute to validate the results from microsimulation. 

III. Conclusions

Microsimulation methods are used increasingly by central policy setting community to inform the public policy debate in the United Kingdom. There are now a number of microsimulation models available “in-house” among government departments. For many questions of policy concern, these in-house models are perfectly appropriate. In some cases, and particularly when specific questions are raised regarding the potential behavioural effects of tax or welfare policy reform, these in-house microsimulation models are not sufficient. For these reasons, one finds there to be a role for liaison between the central policy making community, and academics with specialised research expertise in these areas.  In this paper, we describe how a particular question of policy concern to central government was addressed through work commissioned to the Institute for Fiscal Studies in London. The question related to the likely employment effects following the introduction of the Working Families’ Tax Credit, a new tax-based method of support for low-income working households in the UK. 

Using the Family Resources Survey we estimated a model of family labour supply for married couples and individual labour supply for single parents. The model allows for childcare costs which vary with hours of work and takes into account the existence of many different qualities of childcare. Having validated the model in terms of its consistency with basic economic principles, it was used to simulate the labour supply effects of the new Working Families Tax Credit. Given full take up for the existing Family Credit and other benefits and full take up of the new benefit we find that:

· The participation rate for single mothers increases by 2.2 percentage points which corresponds to 34,000 individuals.

· The participation rate for married women with employed partners decreases because of an income effect arising from the improved benefit eligibility of their husbands. The decline in participation of 0.57 percentage points corresponds to 20,000 individuals.

· The behavioural effects combined with those for men and women with non-working partners imply a small increase in overall participation by about 30,000 individuals.

· These behavioural effects act to reduce the cost of the program vis a vis the no-behavioural full take up outcome, by 14%.

When we change the baseline simulation to simulate other take-up scenarios, we find small shifts in the level of participation. The question of the potential for changes in the childcare market remains an open one. This is not likely to lead to very large participation effects but could have important expenditure implications.

This work was used to inform the deliberations of the Bank of England Monetary Policy Committee (MPC). In the February 1999 Inflation Report of the Bank of England, a summary of this research was presented. On that basis, the MPC concluded that the WFTC was unlikely to have an effect on the wage distribution sufficient to influence their interest rate decision. Nevertheless, the Bank of England continues to be concerned with the employment effects of this and other labour market policies, and has arranged for the IFS to undertake a follow-up study which examines the most recent patterns of employment. This degree of liaison between central government and academic specialists in the area of public policy in the development of microsimulation expertise is becoming more and more common, and is a model which has been effective in improving the quality of information which feeds into questions of public policy. 

Appendix 1: Technical Appendix

Details of Model Specification

In estimation and simulation, lone parents and couples with children are treated separately. This is to reflect that they may have different preferences and may face different market opportunities and childcare options. However, the underlying form of the models used across both groups is similar. Both allow for quite flexible preferences over hours of work and net incomes. Both account for fixed costs of work and both allow childcare costs to vary with hours of work and to differ by the age and number of children. 

In this appendix we lay out the model for preferences, for fixed costs and for childcare costs. An important feature of the models we use is that they allow preference heterogeneity across household types. That is, preferences and costs are allowed to vary with observable factors such as age and demographic composition. Moreover, they are also allowed to depend on unobservable characteristics.

These unobservable terms generate a distribution of outcomes for each observation (household) in the data. Each observation represents the population with the equivalent observable characteristics. The distribution of outcomes then implies a probability that a person of such an observed type will participate or work a certain number of hours. This probability should be interpreted as the proportion of people in the population with these characteristics that carry out the action being evaluated (e.g. participation in the labour market). Simulating the effects of the reform involves estimating the changes in these probabilities (proportions) as a result of the policy being introduced.

Modelling Preferences and Income Opportunities

For each working individual from the sample of lone parents, and for each pair of working adults in the sample of couples with children, the FRS data together with the IFS tax-benefit model TAXBEN model allows a net income figure to be calculated for each hours of work point. For non-workers additional information on their hourly wage rate is required to complete the net income calculations. These hourly wages are calculated from the predictions of a log hourly wage regression. This regression includes education, age, demographic and regional dummy variables and is estimated using the FRS data. 

For each individual in our sample we now know the net income that would be associated with any choice of hours of work. The budget sets are non-convex. Hence conventional labour supply schedules cannot capture the incentive effects of the reforms, that involve potentially large changes in hours (say from zero to 16). Given the budget constraint facing each individual, the approach taken is to describe preferences over a subset of discrete hours points, reflecting the diverse incentives created by the benefit system. This will be described in more detail below. First we need a functional form for preferences. For each individual or couple in the sample, preferences are written in terms of hours of work, net income, a set of observable demographic factors and unknown preference parameters. 
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Suppose we let Y represent the net income available to a particular lone parent who works h hours, including his/her earnings. We represent the preference trade-off between hours and this net income using a quadratic utility function of the form:

The ( and ( parameters are preference parameters. It is the ( parameters that are allowed to depend on observable and unobservable factors according to:
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where the x represent a vector of observable demographic and other household characteristics. The v represent unobservable random terms. These unobservable terms are allowed to be correlated but are assumed to be jointly normally distributed.

For couples, the model is extended to allow two hours dimensions – for the husband and for the mother. The quadratic form for preferences is also maintained. However, male hours of work are simply allowed to be at full-time or zero, reflecting the very low incidence of part-time work for men in couple households with children. 

 EQ Modelling Discrete Choices over Hours

Hours of work choices are summarised by a finite set of points, e.g. {0, 10, 20 30, 40}. To allow for preferences to vary quite widely over these hours choices, the utility level for each hours point is allowed to vary stochastically over individuals according to an extreme value distribution. This implies that, conditional on the v terms, choices across discrete hours points can be written as a multinomial logit model:
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where the subscript represents a discrete hours point. 

If there were no unobserved heterogeneity terms represented by the v terms then these probabilities would be exactly analogous to the terms in a multinomial logit model. However, the additional unobservable variables imply that to calculate the probabilities we first have to integrate over the range of the v variables. In doing this we effectively relax the otherwise strong distributional assumption. The integration is done by simulation methods assuming a multivariate normal distribution for the vs in our estimation and simulation routine. 

This simple multinomial discrete choice preference model is not sufficient to adequately describe the observed outcomes in the data. For that we need two additional features. First, a model of childcare costs and childcare usage and second, a model of additional fixed costs of work.

Childcare Costs

To account for childcare we use the information on childcare costs already presented in the main text. In particular, we consider each type of childcare used for the two groups and we take its hourly cost as given. Then we compute the relationship between hourly childcare costs and various demographic characteristics so as to associate with each household type a probability of choosing the relevant type of child care. We also find the regression relationship between the amount of childcare used and the level of hours worked. Hence for each possible hours choice and each household type we associate the probability of using each type of childcare. This forms an input into the construction of the likelihood function of the data for estimating the unknown preference parameters.  

Specifically, since there are a number of childcare types available, and we do not attempt to model the choice between types of childcare, we run our model with each type of childcare. Then we take the weighted average of the relevant outcomes using the calculated probabilities. The summary results of these calculations are given in the Tables A1 and A2 below. Finally it is important to emphasise that we allow use of childcare even when not working. This is an important feature of the data and not taking it into account could seriously distort the estimated incentives.

Table A1. Percentage of (working) women with hourly childcare costs in each of the following ranges:



Percentage in Price Range:



lower bound

£0.00
£1.25
£1.75
£2.25
£3.25+

upper bound


no cost
£1.25
£1.75
£2.25
£3.25


Married Women







one child, youngest <3
37.00
11.91
18.18
19.46
8.71
4.74

one child, youngest 3+
45.45
12.17
14.96
12.02
9.68
5.72

two children, youngest <3
37.83
19.14
16.54
15.93
7.81
2.76

two children, youngest 3+
49.22
15.37
12.46
11.11
7.37
4.47

three+ children, youngest <3
43.98
25.90
11.45
7.83
5.42
5.42

three+ children, youngest 3+
54.46
15.69
11.38
7.69
7.38
3.38









Single Parents







one child, youngest <3
46.15
21.98
15.38
6.59
6.59
3.30

one child, youngest 3+
53.22
15.79
13.16
9.94
4.68
3.22

two children, youngest <3
52.73
27.27
10.91
1.82
7.27
0.00

two children, youngest 3+
60.20
16.84
11.73
6.63
3.06
1.53

three+ children, youngest <3
48.28
24.14
17.24
6.90
0.00
3.45

three+ children, youngest 3+
57.14
28.57
1.30
5.19
1.30
6.49









Total
45.85
15.92
14.27
12.45
7.39
4.13

Average price within range
.
£0.79
£1.48
£1.96
£2.62
£5.20

Table A2. Relationship between hours of work by mother and hours of childcare (per child in care)








Dependent Variable:
hours of childcare per child




Regressor:
hours of work by mother














Constant
(t-value)

Slope
(t-value)

Married Women







one child, youngest <3

1.589
1.569

0.885
26.746

one child, youngest 3+

4.335
3.026

0.384
8.839

two children, youngest <3

2.321
2.431

0.674
20.167

two children, youngest 3+

2.196
3.414

0.222
10.504

three+ children, youngest <3

0.094
0.061

0.503
9.216

three+ children, youngest 3+

3.103
3.821

0.139
5.158









Single Parents







one child, youngest <3

1.264
0.605

0.984
13.763

one child, youngest 3+

7.825
5.234

0.264
5.671

two children, youngest <3

2.210
1.052

0.702
9.362

two children, youngest 3+

6.900
5.651

0.141
3.632

three+ children, youngest <3

5.228
1.720

0.350
3.310

three+ children, youngest 3+

2.813
1.352

0.242
3.143

Fixed Costs of Work

Fixed costs are the costs that an individual has to pay to get to work. For many families they are made up in part by the childcare costs already covered above. In particular in our model childcare induces both fixed and variable costs that effectively act as a marginal tax rate. 

However, there are additional costs, e.g. transport, which will vary by household type and by region. These are modelled as a once off weekly cost. In the model they are subtracted directly from net income for any choices that involve work.  
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They are modelled in a similar way to preferences, in terms of a set of observable factors and an unobservable heterogeneity variable

These terms will now enter the utility comparisons for each individual in their work –non-work choice. Consequently, they will also enter the probability terms described above. To calculate the probability of any observed hours point, the heterogeneity term ( will be integrated out in estimation along with the v terms, and the parameters  ( will add to the list of parameters, along with the ( and ( parameters, to be estimated. 

For couples there are in principle two such fixed costs. However, in estimation we can only really identify the fixed costs of the secondary earner, since for the primary (typically male) earner the data suggest only two labour market states  (full-time work at around 37-40 hours or 0 hours). 

Estimation

Estimation is by maximum likelihood. For each observed family there is a probability term generated from the above model. This can be written in terms of the unobservable parameters to be estimated. Taking the whole data set together   generates the sample likelihood. To evaluate the probabilities entering the likelihood, simulation methods have to be used to integrate out the unobservable terms described above. Consequently maximum likelihood estimation is by simulation.


There are two sets of parameter estimates, the first referring to the lone parent sample and second referring to the couples with children sample. Tables A3 and A4 report, respectively, the model estimates for each sample.

Table A3. Single Parents estimates









No controls for childcare
with controls for childcare

Variable
Estimate
Std.Err

Estimate
Std.Err


Income2
-0.1631
0.0503
*
-0.165
0.0536
*

hours2
0.0334
0.0191
 
0.0212
0.0195
 

hours x income
-0.0099
0.0041
*
-0.0087
0.0043
*


 
 
 
 
 
 

income
2.4705
0.2967
*
2.5995
0.3125
*

    x 1(youngest child 0-2)
-0.2896
0.2928
 
-0.3747
0.3085
 

    x 1(youngest child 3-4)
0.1829
0.3119
 
0.0519
0.3241
 

    x 1(youngest child 5-10)
0.4032
0.1738
*
0.3473
0.1846
 

    x (age-35)/10
-0.1474
0.1065
 
-0.1725
0.1157
 

    x (age-35)2/100
0.0047
0.079
 
-0.0249
0.0872
 

    x 1(education<18)
-0.0151
0.1361
 
0.0155
0.1444
 

    x # children aged 0-1
0.3859
0.3085
 
0.4325
0.3406
 


 
 
 
 
 
 

hours
0.008
0.0124
 
0.0048
0.0127
 

    x 1(youngest child 0-2)
-0.0554
0.0091
*
-0.0456
0.0089
*

    x 1(youngest child 3-4)
-0.0622
0.0088
*
-0.0584
0.0089
*

    x 1(youngest child 5-10)
-0.0313
0.0054
*
-0.0274
0.0056
*

    x (age-35)/10
-0.0036
0.0032
 
-0.0069
0.0034
*

    x (age-35)2/100
-0.0077
0.0027
*
-0.0087
0.003
*

    x 1(education<18)
-0.0154
0.0046
*
-0.0152
0.0047
*

    x # children aged 0-1
-0.0193
0.0093
*
-0.0183
0.0091
*


 
 
 
 
 
 

fixed costs/100
0.6717
0.0752
*
0.6459
0.0714
*

    x 1(Metropolitan area)
-0.0286
0.0506
 
-0.0324
0.049
 

    x # children aged 0-2
0.2365
0.1368
 
0.2197
0.1242
 

    x # children aged 3-4
0.0776
0.0973
 
0.0861
0.0939
 

    x 1(Greater London)
0.0109
0.0805
 
0.0064
0.0774
 


 
 
 
 
 
 

unemployment index
-0.6284
0.1023
*
-0.6474
0.1065
*

    x 1(Metropolitan area)
-0.2923
0.1214
*
-0.3023
0.1248
*

    x 1(Greater London)
0.3945
0.1597
*
0.3732
0.1633
*

    x 1(North)
0.378
0.2163
 
0.3772
0.2235
 

    x (age-35)/10
-0.2459
0.0714
*
-0.2514
0.075
*

    x (years of education-14)
-0.1907
0.058
*
-0.1625
0.0605
*

    x (years of education-14)2/10
0.1509
0.0756
*
0.1261
0.0768
 

















sample size
1807


1807



log-likelihood
-3358.65


-3740.4



Notes: All estimates are by Simulated Maximum Likelihood. The discrete choice model covers five labour market states (hours of work=0,10,20,30,40). The parameters associated with fixed costs have all been scaled down by a factor of 100. For those estimates which control for childcare expenditures, we approximate the distribution of hourly childcare prices by the five-point distribution reported in Table A1. Childcare expenditures are imputed at each (discrete) hours point {0,10,20,30,40} according to the product of each hourly childcare price and the imputed level of non-parental childcare hours at each hours level (generated by simple regression relationships according to Table A2).

Table A4. Married/de facto couples estimates

No controls for childcare
with controls for childcare

Variable
Estimate
Std.Err

Estimate
Std.Err


income2
-0.1506
0.0053
*
-0.1431
0.0063
*

female hours2
-0.0047
0.01
 
-0.01
0.0101
 

male hours x income
-0.0014
0.0012
 
-0.0011
0.0013
 

female hours x income
0.0016
0.0006
*
0.0015
0.0006
*

male hours x female hours
-0.0474
0.0078
*
-0.0566
0.0079
*


 
 
 




income
2.652
0.0822
*
2.5501
0.0964
*

    x 1(youngest child 0-2)
-0.4096
0.055
*
-0.283
0.0682
*

    x 1(youngest child 3-4)
0.0211
0.0824
 
-0.0889
0.0859
 

    x 1(youngest child 5-10)
0.1206
0.0422
*
0.2059
0.0508
*

    x (male age-35)/10
-0.4621
0.0338
*
-0.3531
0.0354
*

    x (female age-35)/10
0.3502
0.0438
*
0.2031
0.0463
*

    x 1(male education<18)
0.2122
0.0333
*
0.2137
0.0517
*

    x 1(female education<18)
0.0418
0.0332
 
0.0721
0.0468
 


 
 





male hours
0.0048
0.0057
 
0.0084
0.0061
 

    x 1(youngest child 0-2)
0.0088
0.0042
*
0.0006
0.0045
 

    x 1(youngest child 3-4)
0.0019
0.0048
 
-0.0002
0.0048
 

    x 1(youngest child 5-10)
-0.0046
0.0036
 
-0.0089
0.0037
*

    x (age-35)/10
0.0073
0.002
*
0.0062
0.002
*

    x (age-35)2/100
-0.006
0.0012
*
-0.007
0.0011
*

    x 1(education<18)
-0.013
0.003
*
-0.0119
0.0033
*

    x # children aged 0-1
-0.0002
0.0039
 
0.0005
0.0039
 


 
 





female hours
0.0169
0.0057
*
0.024
0.006
*

    x 1(youngest child 0-2)
-0.052
0.0034
*
-0.0486
0.0036
*

    x 1(youngest child 3-4)
-0.0645
0.0045
*
-0.0596
0.0044
*

    x 1(youngest child 5-10)
-0.0389
0.002
*
-0.0455
0.0022
*

    x (age-35)/10
-0.0105
0.0021
*
-0.0122
0.0021
*

    x (age-35)2/100
-0.0046
0.0013
*
-0.0051
0.0014
*

    x 1(education<18)
-0.0145
0.0019
*
-0.0122
0.0024
*

    x # children aged 0-1
-0.0206
0.0035
*
-0.0179
0.004
*


 
 





fixed costs/100
0.374
0.0273
*
0.3609
0.0267
*

    x 1(Metropolitan area)
-0.0097
0.0248
 
0.0003
0.0252
 

    x # children aged 0-2
0.2316
0.0323
*
0.1585
0.0313
*

    x # children aged 3-4
0.079
0.0253
*
0.1278
0.0313
*

    x 1(Greater London)
0.0885
0.0506
 
0.0746
0.048
 


 
 





unemployment index
-1.3519
0.0482
*
-1.3912
0.0489
*

    x 1(Metropolitan area)
-0.0622
0.0429
 
-0.0972
0.0493
*

    x 1(Greater London)
0.2094
0.0797
*
0.2591
0.082
*

    x 1(North)
-0.0964
0.0551
 
-0.073
0.0607
 

    x (age-35)/10
-0.1851
0.0296
*
-0.1654
0.0294
*

    x (years of education-14)
-0.1099
0.0196
*
-0.1054
0.0188
*

    x (years of education-14)2/10
0.1431
0.0216
*
0.1557
0.0213
*









sample size
4694


4694



Log-likelihood
-16186.3


-12665



Table A4 (cont.) Married / de facto couples

zero childcare expenditure for non-working heads
Fixing labour supply of head





Variable
Estimate
Std.Err

Estimate
Std.Err

Income2
-0.141
0.0062
*
-0.1445
0.007

female hours2
-0.0086
0.01
 
-0.008
0.0101

male hours x income
-0.0026
0.0012
*
.
.

female hours x income
0.0014
0.0006
*
-0.0016
0.0008

male hours x female hours
-0.0506
0.0077
*
.
.








Income
2.5722
0.0977
*
2.6629
0.1232

    x 1(youngest child 0-2)
-0.2768
0.068
*
-0.4277
-0.0418

    x 1(youngest child 3-4)
-0.0887
0.0859
 
-0.2888
0.0592

    x 1(youngest child 5-10)
0.2204
0.051
*
0.0604
0.049

    x (male age-35)/10
-0.3605
0.0352
*
.
.

    x (female age-35)/10
0.2146
0.046
*
-0.4001
0.0585

    x 1(male education<18)
0.2057
0.0513
*
.
.

    x 1(female education<18)
0.0653
0.0465
 
0.0399
0.0354








male hours
0.0119
0.006
*
.
.

    x 1(youngest child 0-2)
0.0007
0.0045
 
.
.

    x 1(youngest child 3-4)
-0.0002
0.0049
 
.
.

    x 1(youngest child 5-10)
-0.0094
0.0038
*
.
.

    x (age-35)/10
0.0067
0.002
*
.
.

    x (age-35)2/100
-0.007
0.0011
*
.
.

    x 1(education<18)
-0.0129
0.0033
*
.
.

    x # children aged 0-1
0.0007
0.0039
 
.
.








female hours
0.0224
0.006
*
-0.0014
0.007

    x 1(youngest child 0-2)
-0.0497
0.0036
*
-0.0321
0.0047

    x 1(youngest child 3-4)
-0.0591
0.0044
*
-0.0403
0.0049

    x 1(youngest child 5-10)
-0.0457
0.0023
*
-0.0288
0.0038

    x (age-35)/10
-0.0112
0.0021
*
-0.0026
0.0025

    x (age-35)2/100
-0.0059
0.0014
*
0.002
0.0019

    x 1(education<18)
-0.0125
0.0024
*
-0.0174
0.0032

    x # children aged 0-1
-0.0188
0.0039
*
-0.0143
0.0045








fixed costs/100
0.3639
0.027
*
0.3525
0.031

    x 1(Metropolitan area)
0.0021
0.0253
 
0.0168
0.0301

    x # children aged 0-2
0.157
0.0313
*
0.0938
0.0307

    x # children aged 3-4
0.1347
0.0319
*
0.0378
0.0335

    x 1(Greater London)
0.0731
0.0483
 
0.1022
0.065








unemployment index
-1.3972
0.049
*
-1.1994
0.0724

    x 1(Metropolitan area)
-0.0888
0.049
 
-0.0623
0.0767

    x 1(Greater London)
0.2604
0.082
*
0.069
0.1334

    x 1(North)
-0.0744
0.0606
 
-0.0846
0.1566

    x (age-35)/10
-0.167
0.0293
*
-0.2515
0.0404

    x (years of education-14)
-0.1036
0.0192
*
-0.1436
0.0458

    x (years of education-14)2/10
0.155
0.0221
*
0.1388
0.0597








sample size
4694


4694


log-likelihood
-12660.5


-10938.6


Policy Reform Simulation

Once the parameters of the above model are estimated the same model is used for simulation.  For each individual we compute the probability that they would be at each discrete hours point both before and after the reform. This requires re-sampling techniques, since to operationalise the computations of the new probabilities involves drawing repeated realisations of the stochastic elements of the discrete choice model described above. 

Once completed this gives a new distribution of probabilities for each discrete hours point across the whole sample. For each individual type this can then be used to compute the change in the proportion of individuals at each discrete point. We are therefore able to simulate the number of new workers, and the change in the hours distribution.

� INCORPORER Equation  ���





� INCORPORER Equation  ���





� INCORPORER Equation  ���





� INCORPORER Equation  ���
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� See Clark and McCrae (1999), “TAXBEN and IGOTM Comparison project:: differences in modelling algorithms”, Institute for Fiscal Studies, February 1999.


� Although IGOTM can pool cross-sections of FES data, thereby increasing the effective sample size, this creates difficulties with calibration and grossing-up, and leads to a pooled dataset which is to a degree out-dated when examining current policy options. 


� see, for example, Keane and Moffitt (1998) or Blundell, Duncan, McCrae and Meghir (2000).
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� Historically, Family Credit (the predecessor to WFTC) was administered by the former Department for Social Security.
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