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Abstract: TUJA is one of the three static microsimulation models in Finland. It is used by the Government Institute for Economic Research and the Ministry of Finance.  During it’s existence the model is widely used and is still in regular use both in administration and research. This paper is a description of the model and mainly concentrated on solutions which probably differ from most tax-benefit microsimulation models. The model is written in APL programming language with a multidimensional spreadsheet software as user interface, also written in APL. The sample data is based both on register and interview information and is of good quality. The updating process is basically similar to some other models by re-weighting and using different indexes for price level changes. However, new data sets are created for each updated year and most of the variables used in simulations are taken from these updated data sets. For fictive calculations a multidimensional spreadsheet is used as input and output data file. 
1. INTRODUCTION 

The Finnish microsimulation model TUJA was constructed in the end of 1980’s at the Ministry of Finance. The reasons are underlying in the expanded public sector were the role of taxes, income transfers and public services had increased. During the two previous decades the household transfers had increased by 4,5 times in real terms and their share from disposable income from 16 percent to 31 percent (Salomäki, 1991). The interdependence of transfers and income had also become more complex and the understanding of the tax-benefit system as a whole more difficult. There was a need to comprehend what are the economic consequences of social and fiscal policies both for households and fiscus. At the same time the discussion about incentive traps and the combined effects on transfers and taxes became more intensive. However, an important impulse to the model construction was the government decision to implement a large personal income tax reform in 1989-1991. Since 1990 when the Government Institute for Economic Research (VATT) was established the model has been maintained and developed together by the Institute and the Ministry of Finance.

TUJA is used to analyse the financial and distributional effects of practically all significant tax and benefit reforms in Finland during the last two decades. The most important reforms (and their main purposes) are 
- the personal income tax reform in 1989-1991 (tax deductions and tax credits abolished, tax base widened, taxation simplified, cuts in marginal tax rates) 
- the student payment reform in 1992-1994 (changed structure, significantly increased payments)
- the capital income tax reform in 1993 (taxation of earned and capital income separated, imputed income from housing abolished, real estate tax established, significant changes in corporative taxation)
- the family support “package” in 1994 (child tax deductions abolished, child allowance increased, housing benefit increased)
- the incentive trap reform in 1996-1998 (low income deduction increased and excluded from benefits, child care system changed) 

- the corporate and capital income reform in 2005 (avoir fiscal system abolished, corporative and capital income tax rates separated, dividends subject to partly double taxation) 

The role of the model in these reforms has varied. In some cases only separate calculations were made (e.g. student payment reform) while in others practically all calculations were made by the model users (e.g. incentive trap reform). In addition to these large reforms the model is used in other reforms and in several working groups concerning taxes or benefits.  In the Ministry of Finance the model has always been, and still is, in regular use to estimate economic and distributional impacts on government programs, budget proposals and changes in tax legislation. And to make forecasts of personal tax revenue, calculations of local and central government income shares or calculations to international organisations (e.g. Taxing Wages to OECD and Structure of the Taxation Systems to EU). In addition to these there are a wide range of different simulations concerning personal taxes and benefits. 
The main use of TUJA in administration and in policy-decision as well as its historic background have affected to the structure of the model. The administrative use differs from research in many aspects. The demands are often specific and resources are used to have e.g. each item of income to be as accurate as possible. Often the main concerns are revenue effects and thus the updating process is important. The interest is not only in the present year or in the budget year but also in the next 5-6 years. This is logical because the effects of actual reforms must be estimated in advance, not ex post as usually in research projects. However, in VATT the research work is emphasized and the demands in the field of taxes and benefits have constantly increased. 
2. THE DATA SOURCE
2.1 The base data
TUJA uses the Income Distribution Survey (IDS) as the core data. It is mainly based on administrative registers (e.g. population, tax, transfer, housing and education registers) but completed with information on interviews. Basically all income are from administrative registers with an exception of interests from deposits and bonds which are taxed at source and are not included in personal income tax base (or in tax register).  The data of taxable benefits are often from two sources, from tax register and from benefit registers maintained by Social Insurance Institution. Interviews are mainly conducted to obtain information on different activity, classifications or other kind of information (wage months, relatives, language, occupation, number of employees in company, size of dwelling, paid rent, child care payments etc.). The information from different registers and interview are linked together with personal identification number which identifies each citizen in the country. Altogether the IDS consists about 700 pieces of information (variables) for each sample person.  
The IDS is produced every year and is a rotating two-year panel data where approximately a half of the households are “new” and the other half “old”. This means that same households are included in two sequential year’s data. The data sizes in different years are about the same, e.g. the 2004 data contains 11,229 households and 29,112 individuals. All information based on registers is in principle on annual level but some of the interview information are on monthly basis. 
The IDS does not suit for microsimulation as such. First of all taxable and non taxable income must be separated from each other. In the Finnish case also earned and capital income must be divided into own variables because of the dual taxation. Some adjustments to the data is also done. If e.g. the level of a significant income is clearly underestimated (as interest from deposits and bonds) an imputation is usually done. Other changes to the IDS data may also have done, but imputations and other adjustments are quite rare and not significant in the fiscal sense. However, at least in principal, there is a choice which must be done between the reliability and coverage of the data. In TUJA the last one is emphasized and all relevant source of household income is tried to take into account – if it is possible without too much “violence” to the original data.

The income concept used in the model also differs from the IDS concept. Income components are added up to sum variables and these, like earned and capital income, are then used as input variables in simulation. Based on all these changes a new data set is created which slightly differs from the original IDS data. This new data set, the base data, is then used as input data for all simulations. 
2.2 Updating the data
The IDS is usually 2-3 years old and, because of the sample design and household weights, “represents” the population in that specific year. But while there are demographic and economic changes in the society these must be taken into account if the data is wanted to represent also the present (or future) population. In the current situation in Finland the most obvious demographic changes are that the population increases, people get older, the number of wage earners increases and the number of unemployed and farmers decreases. To update these changes a calibration method is used where new household weights are created. Economic changes are caused by e.g. wage, cost and interest level changes as well as changes in assets, property and debts. For these changes different indexes are used which reflect the average development of each of these phenomena. But the distinction between these two methods, re-weighting and index adjustment, is not clear.  For instance due to strong economic growth during the past ten years capital gains and dividends have increased significantly and often unexpectedly. Updating these economic changes (to the proper level) with a multiplier would make a huge change in some household’s income although the fact may be that the number of receivers has increased. Thus it seems to be a good idea to have the number of the receivers as control totals as well. Another situation where index adjustment is not a proper way to update economic changes is when the income is changed significantly but the number of receivers is few, like for option income. In this case neither of these two methods is used but new receivers of income have been imputed. 
The calibration is done by sas-program Clan97 where the control totals are set to those variables (calibrations variables) which are wanted to be at desired levels, either in number of receivers or in aggregate amounts. Clan97 is developed by Statistics Sweden (Andersson and Nordberg, 1998) and is also used for re-weighting in the Swedish static microsimulation model FASIT (Lindström 1997). 
The weights in the core data are the inverse of the inclusion probabilities of households. In Statistics Finland a non-response correction is made to these weights by using the sample information. After that the weights are calibrated by Calmar program “… to improve estimates of the population structure and the income totals and to reduce non-response error” (Törmälehto 2004:5). The re-weighting in TUJA actually follows-up this process and in fact the same procedure is done as for the IDS calibration. Only the levels of control variables differ, corresponding not to the base year‘s figures but to the following years’ figures. Thus comparing the IDS and the model weights the only difference is that different estimators are used. To see the effects of this the aggregates of all IDS variables are compared by using both of these programs. As a result the differences for nearly all variables are minimal, either in relative or absolute meaning. E.g. the relative change of taxable earned and capital income are 0,025 and 0,06 percents. The Gini coefficient changes from 26,43 to 26,38 and income shares in three deciles by 0,1 percent while they remain the same in other deciles. 
The model updating is done in two steps. Firstly the weights are calibrated and their effects on data variables are examined, to se if “the structure” of population has changed in an adequate way. Secondly the economic changes (incl. possible imputations) are made by a program which uses an index table with different multipliers for different phenomena. By executing this updating program a new data set is created for each year and at the same time aggregate information of all re-weighted variables (about 350) is presented.  

An updated data is created for each of the following 5-6 years. These new data sets include all updated variables needed in simulation. Thus based on the 2004 IDS (or more precisely the adjusted base data) new data sets are created for 2005, 2006, 2007 etc. In the same way as the original IDS these new data sets represent the population in each of the following years. This method probably differs from most simulation models were index changes, or even re-weighting, is done during the simulation. 
2.3 Fictive data
The main strength of a microsimulation model is the representative sample were information of economic activity is on individual level and were tax-benefit rules are in a form where they can be changed easily. However, fictive calculations are also an important feature of simulation model. Specially in policy-making calculation it is needed to know exactly the fiscal effects of one single action. This is important both to fiscus and to a single person or household. For instance there may be a need to know how much a certain change of earning-related unemployment benefit rule affects on person’s pre-tax income. To see this, calculations are done for a large scale of income levels and the changes will be precise the same as in real life. In that sense hypothetical calculations are fully realistic. The effect on disposable income is not as precise while typically an average local tax rate is used and the effects on means-tested benefits may be approximations. 
The idea to make fictive calculations (for large number of households, not just for some specific cases) is to simplify and to complement the all-round effects of changes in tax-benefit rules. The graphics based on these calculations are also illustrative and reflect “the structure” of a benefit, tax deduction or the income taxation as a whole. 
In TUJA the fictive calculations are made in a multidimensional spreadsheet. In spreadsheet tables the levels of dimensions are freely chosen, generally hundreds of columns (income levels) and tens of rows (input and output variables) as well as other dimensions for spouses, family types or years with different tax-benefit rules are selected. 
3. THE STRUCTURE OF THE MODEL 

The structure of TUJA can be divided into five parts: input data, simulation programs, parameter tables, outputs and user interface. The input data in each simulation is taken from two databases. The classification variables (age, number of children, living area, education level etc.) are taken from the base data. All other variables and new weights are taken from the updated databases. However, a user may freely mix all these and take input data and weights from different data sets and tax-benefit rules from different periods.  
Typically simulation programs calculate both taxes and benefits. In TUJA the most common way, in fact, is to simulate only taxes and take the (updated) benefits direct from the data. Even if this is a relic from the past when benefits were not extensively simulated, it’s not totally without relevance. Firstly tax variables are extensive and of good quality in the data. If this is not the case for simulated taxable benefits a tax rule change may have effects on tax revenue or income distribution because of simulated benefits. Secondly possibilities to errors in program execution are less. Thirdly while restricting only on taxes the effects of a tax simulation is easier to clarify. Fourthly the computer time saved is not fully insignificant in cases when a lot of routine simulation must be done (e.g. tax expenditures for several years). Although none of these reasons are too relevant, it has turned out to be convenient to simulate only taxes. 
The simulation of most of the benefits is also quite reliable due to diversified register based information. But there are some uncertainties concerning the pre-benefit income and the cases when benefit and wage are received simultaneously. Simulation of housing benefits and especially social assistance are not reliable. With an annual data the problems are well known related e.g. to different time periods. 
In the model the following taxes and benefits (and public services) are simulated: personal state and local income taxes, employee and employer social security contributions, real estate tax, property tax (abolished in 2006), maternity and parental benefit, unemployment benefits, student payment, child care support, child allowance, housing benefits (three), social assistance and municipal child care payments. In fact all essential personal taxes and benefits are simulated except pensions. To simulate occupational pensions is not possible because there is no relevant data in the IDS.    
The model parameters are in six tables which are saved in separate files. The grouping of tables is based on different topics: taxes and employee contributions, benefits, housing allowance (two), day care payments and employer contributions. The tax rules are on annual basis but employer contributions, benefits and day care rules are on monthly basis. There is a column in the table for each year (month) when a change in the rules has happened. The technics is that the simulation program “looks” if there are any parameters in the “work-space” where all tax-benefit programs are running. If there are not they will be retrieved from the files. If there are “rule variables” they are automatically used in simulation. The rules for taxes and employer contributions are from 1976 and for benefits and child care payments from 1985.    
The output data set, as well as the two input data sets and tax-benefit rules, are specified in a function call. Thus a specific output file is created during each simulation. As a default the most important incomes, taxes and benefits will be saved in an output file (totally about 160 variables). While all input variables are vectors were each sample person has a value this is also the case in simulated output files. The length of a vector is the same as the number of sample persons in the data. For household calculations these vectors are “shortened” to household level which may happen whenever during the calculation. In fictive calculations an output will be in the same spreadsheet as the input data. All results from the spreadsheet table are then possible to transfer to Excel for printed charts or tables.  
The spreadsheet software called Saurus operates as user interface for the model. Simulations are performed from an extra button created to the menu bar. This is normally sufficient for all simulations either using the sample or fictive data. The parameters and indexes as well as some other information (aggregate results, income distribution indicators, comparisons with aggregates, cross-tabulations) are shown in spreadsheet tables. Parameter tables (original and used for simulation) are visible and changeable in the menu bar. 
4. APL-PROGRAMMING LANGUAGE 

APL is an array programming language based on the notation invented by Kenneth Iverson. It is powerful, expressive and concise over a wide range of problem domains (specially mathematical applications, engineering and computer science). It has had a small but enthusiastic user base which, however, has been declined since the 1970’s and 1980’s more or less because of the migration from mainframe APL applications to more conventional programming languages. But APL is still popular in applications were solution changes frequently and need excessive complexity. Nowadays most versions uses Windows, Unix and Linux operating systems. They also have same kinds of control structures as the most programming languages. 
In TUJA all taxes and benefits as well as the spreadsheet software have been programmed by Dyalog APL. This makes the interaction between the program and the user interface easy. While the APL variables are vectors it is natural to make all calculations simultaneously for all sample persons (or households). In other words every row in a program will be executed at the same time for every sample person. It is straightforward and make it easy (in that sense) to write the code. At first glance this may seem ineffective, but actually isn’t. To simulate both taxes and benefits for about 29,000 persons takes 10-12 seconds in PC with conventional capacity. And the data transfer takes most of the time. To calculate disposable income for hypothetical wage earners with different family types and with several year’s tax-benefit rules in a spreadsheet table with, say one million elements, takes about one second.          
The APL has often been criticized for the non standard character sets. This is why the code may at first look like Egyptian hieroglyphics. Another reason why it is said to be difficult is the problem solutions in APL which are often extremely terse and compact (and badly documented!). That’s why it is sometimes called a “write-only-language”. But the main disadvantage of APL is probably not the exceptional notation – in principal it is as easy to learn as any other programming language - but the fact that it is not widely used. Especially new programmers may found that it is not worth to invest on APL programming. 
5. OUTPUT VALIDATION
5.1 Aggregate validation
As described in chapter 3 an output file consists by default approximately 160 simulated variables (taxable incomes, tax deductions, tax credits and benefit variables). In table 1 the aggregates of some of these variables are presented and compared with national statistics. The statistical information is mainly based on registers of tax authorities, Social Insurance Institution (most of the benefits) and Social Welfare Board. The information from tax register is detailed but from other registers the information is mostly on aggregate level. The contents (definitions) of some items are not always the same in statistics and in simulation outputs, e.g. the receivers of housing benefit are either in the end of year (statistics) or during the whole calendar year (simulation) and capital income either excludes (statistics) or includes (simulation) the losses. The level of pensions is clearly underestimated due to the pensioners in institutes which are not included in the data. Student payment is underestimated but general housing benefit and social assistance are overestimated in the model. Altogether most of the significant simulated aggregates are quite close to the corresponding statistics. If the amounts are small (few receivers) the relative differences may be significant but in the opposite case relative differences are usually quite small. 
Table 1  Simulated taxes and benefits (TUJA) compared with statistics in 2004, aggregate figures.
	
	TUJA 
	Statistics
	Differences, %

	
	milj. €
	(1000)
	milj. €
	(1000)
	milj. €
	(1000)

	Capital income 
	7724
	1930
	7498
	1989
	2,9
	-3,0

	Wage income
	57954
	2691
	58724
	2709
	-1,3
	-0,7

	Pension income
	16065
	1268
	16893
	1354
	-5,2
	-6,8

	Labour market support
	844
	227
	909
	248
	-7,8
	-9,3

	Basic unemployment benefit
	132
	57
	123
	54
	6,7
	4,9

	Earnings-related unempl. benefit
	1409
	275
	1469
	285
	-4,3
	-3,6

	Student payment
	420
	329
	461
	321
	-9,7
	2,5

	Wage based social contributions
	2785
	2636
	2775
	2555
	0,4
	3,1

	State capital income tax
	1107
	847
	1149
	868
	-3,8
	-2,5

	State earned income tax
	6555
	2539
	6751
	2540
	-3,0
	0,0

	Municipal tax 
	11780
	3679
	11992
	3783
	-1,8
	-2,8

	Child allowance
	1442
	596
	1429
	570
	0,9
	4,3

	General housing benefit
	484
	215
	436
	159
	9,8
	25,9

	Social assistance
	488
	275
	459
	251
	6,0
	8,8


5.2 Income distribution and poverty estimates 
The income distribution and poverty estimators of TUJA and IDS are not the same because of imputations, income adjustments, differences in definitions and the simulation of taxes and benefits as such. But to start with the model outcome based on the same data (IDS) is precisely the same as made by Statistics (see Statistics Finland, 2006). The comparisons are presented in table 2 where the decile groups are formed by ranking individuals according to the equivalent disposable income using the modified OECD scale and the poverty rate as 60 percent of the median.  
Table 2  Income distribution indicators of TUJA and the original IDS. Year 2004. 
	
	TUJA output 
	Original IDS
	Differences

	Gini coefficient 
	27,0
	26,5
	0,5

	Share of income, %, 1. decile
	4,0
	4,1
	-0,1

	                                 2. decile
	5,6
	5,6
	0,0

	                                 3. decile
	6,5
	6,6
	-0,1

	                                 4. decile
	7,5
	7,5
	0,0

	                                 5. decile
	8,4
	8,4
	0,0

	                                 6. decile
	9,3
	9,4
	-0,1

	                                 7. decile
	10,4
	10,4
	0,0

	                                 8. decile
	11,7
	11,6
	0,1

	                                 9. decile
	13,7
	13,6
	0,1

	                               10. decile
	23,0
	22,7
	0,3

	Poverty rate, % 
	12,5
	11,9
	0,6

	The number of poor 
	647,300
	616,500
	30,800


The differences in income shares of most decile groups are relatively close. In the tenth decile the simulated share is 0,3 percentage units higher than in the IDS. The Gini-coefficient is 0,5 percentage units higher and the number of poor are nearly 31,000 more. Altogether results are small and consistent with differences in income definition, imputations and other adjustments. 
6. CONCLUSIONS

TUJA is one of the three microsimulation models in Finland. All of them are, at the moment, are static with no modules for behavioural changes. All models also use the IDS as sample data. The data is mainly based on registers but combined with interviews and is diversified and of good quality.  
Some technical solutions of TUJA are different from most microsimulation models. First of all new data sets are created for each year during the updating process. These data sets are re-weighted and updated with indexes and used in simulation as input data for each year in question. This method reduces the simulation possibilities while the updating is given during the simulation. At the same time it makes the program more efficient while less calculations is needed and less variables must be retrieved from data (because sum variables are used as input data). The main reason for the solution is that the data is updated only 2-3 times in a year, and nearly always same income concept is used. 
The flexibility is probably one of the main tasks for all microsimulation models. Other tasks may be the efficiency and diversified output possibilities. In this sense the programming language is an important choice to make while constructing a microsimulation model. These aspects were also reconsidered, twenty years ago, when APL was selected as programming language for the microsimulation model TUJA. This solution has well come up with all these expectations. However, to secure the continuance of the model is more difficult than in models which use a conventional programming language. 
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