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ABSTRACT: The New Zealand Ministry of Social Development has been developing a new static microsimulation model of the national tax and transfer system. The survey data used for the simulation is the Survey of Family, Income and Employment (SoFIE), which is a rich source of information about income, employment, benefits and family structure changes along the interview year.  The 2002/3 survey is the first wave of a longitudinal survey which will be carried out for eight years. As the primary use of the database will be modelling changes to the income support system, the primary focus is on benefit recipients and low income families. 
This paper gives an overview of the development of the database, with emphasis on the data synthesis, imputation and calibration of the beneficiary population. Calibration using generalised regression estimators has enabled a wide range of benchmarks to be used. However, there have been a  range of challenges encountered along the way, including  issues around updating the data as the benefit system has been undergoing major changes, and the representativeness of the data as the number of unemployed has dropped significantly since the first wave was collected.
INTRODUCTION
This paper provides an introduction to the Ministry of Social Development’s static microsimulation model of income support and taxes – Betsim, with a focus on the data, imputation, adjustments and the calibration process and its results.

Access to the data from the Survey of Family, Income and Employment data used in this study was provided by Statistics New Zealand under conditions designed to give effect to the security provisions of the Statistics Act 1975. The results presented in this study are the work of the Authors, not Statistics New Zealand.

A SIMULATION MODEL THAT FOCUSES ON LOWER INCOMES
The impetus for the development of the Betsim model was the experience of developing New Zealand’s recent Working for Families reform of the tax and benefit system. Working for Families is a government package that was designed to put more money into the pockets of low and middle income earners.

At the time of the development the Ministry of Social Development (MSD) did not have access to a model that could assess the impact of extensions of support beyond our current clients.  And at that time the data sources available to us were based on a relatively small sample household survey that was not suitable for modelling at the edges of the benefit system. A tax-benefit microsimulation model, TaxMod, based on that survey was used by the Treasury but the focus of the model is on tax calculation rather than low income households and receipt of income support, and it was unable to model all parts of the package.

In 2005, a new survey was released that gave us the opportunity to develop a more robust model - the Survey of Family, Income and Expenditure (SoFIE) collected by Statistics NZ. As further reform of the New Zealand benefit system was likely, it was decided to build a new model. 
THE SURVEY OF FAMILY, INCOME AND EXPENDITURE DATABASE

SoFIE collects information about income levels, sources and changes for New Zealand individuals and families. It also covers major influences on income, including employment and education experiences, household and family status and changes, demographic factors and health status from the 22,245 individuals from 11,521 randomly selected households (Statistics NZ, 2006).

SoFIE is a longitudinal survey that is set to run for eight years. It collects data in ‘waves’ and Wave 1 of the SoFIE data, collected between 1 October 2002 and 30 September 2003 forms the base dataset for the Betsim model.

DATA ADJUSTMENT OVERVIEW
The SoFIE data presented a number of challenges before being ready for use in a microsimulation model. 
· As with many surveys, there was considerable under-reporting of short income spells and some income types, particularly income support payments
· Some information needed to model critical parts of the benefit system were not collected in the survey

· Although the weights supplied benchmarked the data to some basic demographic data there was a need for benefit populations and some other population sub-groups to be more tightly calibrated. 

· New Zealand’s unemployment benefit numbers in particular have plummeted since the data was collected, and needed to be accurately modelled

· The survey was collected over a year, with respondents asked to recall a full year, so the data represented points over a 2-year cycle
· The survey year was an October year – we needed to be able to model tax years and financial years.

The aim of the data modifications was to have a database that represented as closely as possible the benefit population for the 2004/5 and forecast years, and at the same time continued to represent the overall population, particularly the low income end. 
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Figure 1 Diagram of the process to calculate the Betsim weights.
The parts of the process are:
· Imputation of the variables partially or fully missing 
· Synchronisation and indexation of income and accommodation costs to represent income and accommodation costs of 2004/05 tax year 
· Model calculation, where the correct benefit entitlements and their amounts are calculated for each person in each income spell
·  The weights are then recalculated using the final data. 
IMPUTATION AND DATA DERIVATIONS 
The SoFIE database has missing information in two levels, one where there are missing observations such as just one member of a couple receiving a parent benefit, when actually both are entitled and likely to be receiving it. The second level of missing information is where a variable is missing for whole population. For example, for Domestic Purposes Benefit (DPB) there is an indicator of receipt of DPB, but the survey does not collect which sub-type of benefit they receive. In both examples knowing who receives the benefit and the benefit subtype that people are receiving are needed for the model’s calculations. 
The main imputations that improved the database are listed below and described in Ota (2006b).

· DPB type 
Impute if they receive Sole Parent, Woman Alone or Care for Sick and Infirm.
· War Pensions combination
There is an indicator of receipt of a War Related Pension, but does not say which one(s). The combinations imputed were Veterans’ Pension (VP), War Disablement Pension (WDP), Surviving Spouse (SS), VP+WDP and VP+SS.
· Unknown type of benefit
Those who reported that are receiving a benefit but didn’t know the type of benefit. Often they knew the amount they received and also reported other incomes in the same period. Main benefit type was imputed from other income and the amount received in benefit. This imputation increased the number of unemployment beneficiaries.
· Partner of the beneficiaries
Many beneficiaries’ partners didn’t report receiving any payments.  For parent benefits they were all imputed to be receiving the benefit, increasing considerably the number of beneficiaries.
· Family spells
SoFIE collects detailed information of the family composition during the interviewed year. However most of the personal and family status information was only available at end of annual period date (EAPD). Having detailed information on the family type was important to the calculation of benefit entitlement which changes with family circumstances. This imputation was done in three steps. 

· Partnership spells. Spells of periods living with or without partners were imputed. 

· Children spells. Spells of periods living with or without dependent children were imputed. We also imputed the dependency status change of the children during the year.

· Family type. Economic family type and other family level information were also derived for each spell living with partner or dependent children. This greatly improved the accuracy of the model calculations.
· A number of other imputations that were not used in the calculation of the weights also needed to be done, to enable calculations of other parts of the benefit system. These  include:
· Accommodation costs, and some elements of tenure status

· Childcare use and costs (currently being developed).
SYNCHRONISATION AND INDEXATION
Indexing is used to inflate or deflate private incomes and housing costs (Lambert et al, 1994).  For our model, this means inflating (deflating) the private income and housing cost data recorded in the survey period (2001 to 2003) to the base year (04/05 tax year) and out-years (up to 10/11 tax year). 
Synchronising is an uprating process with an extra feature to synchronise the survey period for all respondents. “The SoFIE survey collected data from 12 groups of respondents.   Each group reported on their activities of the previous 12 months from the date they were surveyed.  The first group was surveyed in October 2002, reporting on the year from October 2001 to September 2002.  Each subsequent group was surveyed at one month intervals, resulting in the original SoFIE data containing 12 groups of data from 12 different periods. What synchronisation aims to do is to align all of the income and spell information reported by the respondents to a common period.  In other words, uprating or downrating the information so that all of the incomes reported are comparable.  Incomes were synchronised to the common period of April 2002 to March 2003.  From this common period, the income data was then uprated (downrated) to the 2004/2005 tax year to complete the uprating to the base year” (Penny, 2006). 
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Figure 2 SoFIE data synchronisation and indexing.

MODEL CALCULATION
The Betsim model calculates the tax and benefit entitlement for each family income spell. The original (survey collected) benefit income is discarded and is recalculated for all people who received benefit income during the spell. This takes into account the non benefit income received during that spell, the family status and abatement (Butler, 2006).
Calculation includes

· NZ Superannuation and Veteran’s Pension 

· Main benefits for working age people including Unemployment, Domestic Purposes, Sickness, Invalids, but excluding Student Allowances 
· Family Assistances (excluding Parental Tax Credit)

· Accommodation Supplement 
Calculation of childcare assistance is also planned.

CALIBRATION
The SoFIE Wave 1 data was calibrated by Statistics NZ to the age by sex average distribution from October 2002 to September 2003.

The calibration of SoFIE Wave 1 to base year (April 2004 to March 2005) has two aims, first to eliminate bias, especially of the beneficiaries, in the data not dealt by Statistics NZ’s weighting and second to have data that is representative of the population in the model base year rather than the data collection year.
Calibration is an appropriate method to adjust the data, assuming that the undercount of some of the subpopulations in the survey is due to unit non-response, and also that non-response occurs randomly.  By using the calibration technique to adjust SoFIE to the base year benchmark, we are assuming that the undercounts were due to either unit non-response or population change from 2001-2003 to 2004/05.
GREG weighting
We used a Generalised Regression (GREG) estimator in the calibration process. 
GREG is implemented in GREGWT (Australian Bureau of Statistics, Bell 2000) and other software. It equates joint or marginal distributions with population distributions, as well as making the weighted sample estimates for quantitative variables conform to population parameters. For example, the estimate of the total cost of Domestic Purpose Benefit (DPB) from a sample of households may be equated to the population total cost of DPB. 

GREG weighting was chosen for Betsim project. Statistics NZ uses it for the initial adjustment and calibration. Another attraction in using GREGWT was the possibility of obtaining an integrated weight, so that every member in a particular household has the same weight. This same weight can also be used to count people, families and households.

Many of the weighting methods are similar and the weighting adjustments they produce are likely to be highly correlated (Rizzo, Kalton and Brick, 1996). Thus the choice of the auxiliary variables and the mode in which they are employed in the adjustments may be of more significance than the choice of the particular method (Kalton and Flores-Cervantes, 2003).
Selection of candidate auxiliary variables 

When a sizable number of variables are available for use in making weighting adjustments, it may be that only a selection of them can be employed. That selection may be guided by analyses of the relationships of the auxiliary variables to the response or coverage rates and to the survey variables.

With non-response adjustments the main consideration in choosing auxiliary variables is generally that they predict response probabilities. With weighting adjustments to make the sample data conform to external sources, however, often the main consideration is that the auxiliary variables predict key survey variables (Kalton and Flores-Cervantes, 2003).

We have compared a number of SoFIE population characteristics with the New Zealand Census 2001 and also with other NZ data sources, including the Living Standards Survey, Household Economics Statistics (HES), Income Survey (HLFS-IS) databases and Inland Revenue Department (IRD) taxable income distribution. All beneficiaries’ information was compared with MSD’s administrative database (SWIFTT) and a derived database from SWIFTT, Benefit Dynamics. 

Any variable that showed more than 2 percent of difference in the distribution we used as candidate to calibrate. These candidate variables are: 

· Age by Sex, 

· Born in NZ, 

· Labour Market Status, 

· Personal Taxable Income, 

· Economic Family Unit Type, 

· Minimum Child Age in the EFU, 

· Household Composition,

· Deprivation Index,

· Main Benefit Type,

· Main Benefit Type by Age,

· Main Benefit Type by Sex,
· Main Benefit Type by Spell Period and

· Main Benefit Type Gross Expenditure

Most of the differences in the variable distributions are not large. The exception is for the benefit distributions – key variables for this model (see Table 1). 
Table 1 SoFIE and administrative numbers and expenditure on benefits in 2004/05 tax year.
(a) Number of beneficiaries
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SoFIE

Administrative 

numbers

Reported 

proportion

New Zealand Superannuation + Veteran's Pension (*)

            434,000 

468,000

             

 

93%

Domestic Purposes Benefit

              91,000 

137,000

             

 

66%

Unemployment Benefit

            153,000 

215,000

             

 

71%

Invalids Benefit (*)

              64,000 

83,000

               

 

77%

Sickness Benefit (*)

              48,000 

100,000

             

 

48%

(*) Non private dwelling and deceased population excluded


(b) Net expenditure in $millions 
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New Zealand Superannuation + Veteran's Pension (*)

                4,572 

4,873

                 

 

94%

Domestic Purposes Benefit

                   908 

1,345

                 

 

68%

Unemployment Benefit

                   622 

804

                    

 

77%

Invalids Benefit (*)

                   569 

766

                    

 

74%

Sickness Benefit (*)

                   241 

438

                    

 

55%

(*) Non private dwelling and deceased population excluded


Model selection for base year calibration
Once all the candidate variables for calibration were selected, the best calibration model was selected. This model has the minimum number of variables possible without losing much information in comparison to the full model including all the candidate variables. We estimated many statistics that were not fully calibrated, e.g. Student Allowance expenditure, unemployment benefit expenditure for Maori people, etc. Their estimated mean square error (MSE), sum of the variance and square of bias were used as measure of information in a model. The loss or gain of information was calculated as MSE of the candidate model divided by MSE of the full model. This ratio is denoted as efficiency. If it is bigger than 1, the candidate model is not very efficient, i.e. loses information in regards to the full model, while if it was equal or less than 1 it was considered efficient, maintain or gain information.

The maximum weight after calibration was constrained to be 1,000 and the minimum was also constrained to be 50% of the original weight. 

After analysing over 50 candidate models, the final model used the following variables:

· Age by Sex, 

· Born in NZ, 

· Labour Market Status, 

· Household Composition,

· Deprivation Index,

· Main Benefit Type by Spell Period (in person counts)
· Main Benefit Type in EFU counts
· Main Benefit Type Net Expenditure
The Main Benefit Type in EFU units was not initially included as a possible variable to include in the model, but analysing the results without it showed a bigger number of couples in benefits than singles, affecting the number of families in benefit. Benefit expenditure were initially calibrated to the gross amount, however analysis post calibration showed a bigger discrepancy in NZS/VP net expenditure despite calibration. Net expenditure was then chosen for calibration.
Taxable income was originally included in the final model. However the final results compared with other databases were not good, so we decided to exclude it. Calibrating without taxable income resulted in better distribution.

Benchmarks for Betsim base year
SoFIE Wave 1 was calibrated by Statistics NZ to the average age by sex distribution from October 2002 to September 2003. For the Betsim modelling project the calibration is extended to other demographic characteristics, with special focus on benefit numbers and expenditure. At the same time, it adjusts for the data to represent 2004/2005 March year, the base year.

The total numbers for each distribution were adjusted to be representative of March 2005 NZ population, excluding non private dwelling population.

Most of the contents of this section were extracted from Ota (2006a).
Demographic characteristics
The total numbers for each distribution were adjusted to be representative of March 2005 NZ population, excluding non private dwelling population. The non private dwelling population was calculated using information of proportion of NZ population in non private dwelling from Census 2001. This population is estimated to be about 75,000 in March 2005, so the total target population estimate is 4,016,000.
Table 2 Demographic variables used in calibration.
	Variable
	Source
	Comment

	Age and Sex
	Statistics NZ population estimation
	

	Born in NZ
	Census 2001
	Adjusted to March 2005

	Labour Market Status
	Household Labour Force Survey
	

	Household Composition
	Census 2001
	Adjusted to March 2005

	Deprivation Index
	Derived from Census 2001
	Adjusted to March 2005. See Salmond and Crampton (2002)


Benefit characteristics

Benefit types considered for calibration were Unemployment Benefit (UB), Sickness benefit (SB), Invalid Benefit (IB), Domestic Purpose Benefit (DPB), NZ Superannuation and Veteran’s Pension (NZS/VP).

The Benefit Dynamics database was chosen to be the source of benchmarks for base year benefit numbers and characteristics, except for the expenditure. Benefit Dynamics has information of benefit spells in a similar format to SoFIE, it is also a cleaned and user friendly database. 
Benefit numbers from both data sets reflect the cumulative number of people who may have received a benefit over a year and so differ from New Zealand’s official point on time numbers of people receiving a benefit. The number of beneficiaries extracted from Benefit Dynamics represents the total number of people that ever received each type of income support. If a person was receiving UB in one month and changed to SB in another month, this person will be counted twice, once in UB count and another in SB. 
Counts of NZS/VP, IB and SB exclude the recipients that left the benefit due to death, as in SoFIE Wave 1 people that died in previous year were (obviously) not interviewed. Furthermore, SoFIE target population does not cover people in non private dwellings, while in Benefits Dynamics and SWIFTT they are included. SWIFTT and Benefit Dynamics do not have an indicator of living in a non private dwelling, but we were able to identify some of them as they received income support payment types specific to those in certain types of non-private dwellings. In March 2005 the proportions of IB, NZS/VP and SB either in these types of dwelling, or who passed away within previous year were 11.9%, 5.7% and 2.4%, respectively. For these benefits, all the counts and expenditure amounts were adjusted by these factors.  We assumed that the proportion of people and proportion of net expenditure for those excluded people were the same (this was checked for one year.)
Table 3 Benefit variables used in calibration.
	Variable
	Source
	Comment

	Benefit Period by Benefit
	Benefit Dynamics
	Total amount of time on benefit during the year, per person

	Benefit number in Economic Family Unit
	Benefit Dynamics
	

	Benefit Expenditure
	MSD’s Forecasting and Modelling Unit
	Net expenditure


Out-year calibration

As opposed to base year calibration, for the out-years there are limited variables that can be used for calibration. Of the variables used in base year calibration only a few have forecasts. Those available include population distributions by age and sex produced by Statistics NZ, and benefit numbers and expenditures produced by Forecasting and Modelling Team in MSD.
Table 4 Variables used in out years calibration.
	Variable
	Source
	Comment

	Age and Sex
	Statistics NZ population projection
	Medium fertility, medium mortality and medium migration assumptions. 

	Benefit Period by Benefit
	MSD’s Forecasting and Modelling Unit
	Original forecasts modified to count number of people. See Ota (2006a).

	Benefit Expenditure
	MSD’s Forecasting and Modelling Unit
	Net expenditure


Out-year weights were calibrated from the base year weights. We also calibrated one year after another, but the results were very similar, so the original calibration method was maintained.

RESULTS
Base year

Analysing  the weights distributions (Figure 3) and the ratio of pre and post calibration weights (Figure 4), shows that the calibration process to the base year has not changed dramatically the weights. As expected, most of the biggest increases in the weight are for beneficiaries.

The lump in the tail of Figure 4 shows the setting applied in calibration. The lowest weight was set to be 50% (1/0.5 = 2) of the initial weight. 

Weights distributions were also studied for each of the calibrated variables, but in general they did not show any alarming changes or problems. 

[image: image5.emf]0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

1-50 51-

100

101-

150

151-

200

201-

250

251-

300

301-

350

351-

400

401-

450

451-

500

501-

550

551-

600

601-

650

651-

700

weight

frequency (number of people)

SNZ

Y0405


Figure 3 Distribution of the Statistics NZ weights and calibrated base year weights, truncated at the end tail.
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Figure 4 Distribution of weights ratio, SNZ calibration weight compared to Betsim base year calibration weight.
Out-years 

Analysing the weights distributions (Figure 5) and the ratio of pre and post calibration weights (Figure 6), shows that the calibration process to out-years only slightly changed the weights. The lumps in the tail of Figure 6 show the difference of calibration settings applied for different years. From year 05/06 to 08/09 the lowest weight was set to be 70% (1/0.7 = 1.43) of the initial weight, while for the other years the setting has relaxed to 40% (1/0.4 = 2.5).
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Figure 5 Distribution of the base year weight and out-years weight, truncated at the end tail.
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Figure 6 Distribution of weights ratio, base year calibration weight by out-year calibration weight.
COMPARISON WITH OTHER SOURCES
Income
Income distributions were compared with various sources, including the Income Survey and Census 2006. The average weekly income distribution did show some differences (Table 5). Assuming that non-response to the Census income question was at random, the total personal income distribution is very close (Table 6).
The distribution was also compared with Income data collected for tax purposes. The biggest difference was observed in the low taxable income from IRD, but the tax data may also include information for children. 
Table 5 Average weekly earning, including self employment (last week’s income), Betsim compared with Income Survey data.
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Table 6 Total personal income, Betsim compared with Census 2006. 
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difference

(3) March year income ending March 06, and Census data should have the non private dwelling population 

included.

(4) March year income ending March 06, Betsim does not include non private dwelling population. 

Calculated income.


Household size and composition
Table 7 Number of individuals 15 years or more in the household, Betsim compared with HES04.
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Table 8 Household composition compared with Census 2001 and 2006.
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Dwelling characteristics
The distribution of dwelling tenure in Betsim is very similar to HES 2004, but is less close to the Census 2006 (Table 10). Also the weekly rent distribution from Census 2006 shows some differences, as, there are more rent payers at the lower end in Betsim than in Census 2006. This could be a result of the indexation of the accommodation costs.
Table 9 Tenure type of the dwelling, Betsim compared with HES04 and last three censuses.
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Table 10 Last week’s rent, Betsim compared with Census 2006.
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STANDARD ERRORS
Relative Standard Errors (RSE) are measures of the reliability or precision of a survey statistic. Variability occurs in survey statistics because the different samples that could be drawn would each produce different values for the survey statistics. The RSE is a measure of precision on a percentage scale.  RSE were calculated for some statistics (see Table 1) using a delete-a-group Jackknife variance estimator that does not require the PSU information (Kott, 2001). 
The calculated sampling errors or RSE do not take into account the following sources of error:

· The sampling scheme, although this effect should be relatively small due to the sample size.

· benchmark definitions or their calculation, 
· bias introduced due to lack of calibration (e.g. housing market change from 2001 to 2005 was not incorporated into the calibration process)
· imputation 

· indexation

· model calculation.
Table 11 RSE and confidence interval for some statistics from calibrated Betsim. The rows were ordered by the population size reported in (b).
(a) Expenditure estimates (in millions)
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(b) Population size estimates
[image: image16.wmf]Estimate 

Std Dev

RSE

Lower 

CI bound, 

95%

Upper 

CI bound, 

95%

SB, couple only

15,700

2,200

13.9%

11,400

20,000

UB, Asian

15,900

2,900

18.1%

10,300

21,600

SB, couple with children

19,500

2,100

10.8%

15,300

23,600

UB, couple with children

31,500

3,100

9.8%

25,400

37,600

UB, couple only

35,300

2,400

6.9%

30,600

40,100

UB, Maori

50,700

3,100

6.2%

44,600

56,800

IB, 1 person

50,900

1,200

2.4%

48,600

53,300

SB, 1 person

58,000

1,900

3.3%

54,300

61,800

SA 

73,900

3,800

5.1%

66,500

81,300

DPB, 1 person with children

109,400

2,500

2.3%

104,500

114,300

UB, 1 person

140,500

2,600

1.8%

135,500

145,600

NZS/VP, Couple only

299,000

2,900

1.0%

293,200

304,800

Maori

581,100

14,200

2.4%

553,300

608,800

Family with children

1,967,200

7,400

0.4%

1,952,700

1,981,600

Statistics

Number of people


Figure 7 shows that population sizes of less than 40,000 seem to have higher RSEs either for the population size or for expenditure estimates. Population sizes of 100,000 or more all seem to have a high level of accuracy.
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Figure 7 Relationship between RSEs and estimated population size, big populations truncated.
CONCLUSION AND FUTURE DIRECTIONS
SoFIE is a longitudinal survey and continues for 8 waves. As at July 2007, 3 waves have been collected and processed. Currently the Betsim project uses only the first wave. Further waves may be incorporated into the model, but we need to understand the consequences of changing the data to Wave 2 or 3. As the data ages this will become more important. At the same time other data will become available for benchmarking, such as information from Census 2006, and could be used.
The next planned development is to impute who uses child care services, so we will need to investigate including calibration for the number of children.

As the model is used and tested more, other data problems are likely to emerge and re-evaluation of all the data adjustments will be needed. 
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