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Abstract

This paper describes FiFoSiM, the integrated tax benefit microsimulation and CGE model of
the Center of Public Economics at the University of Cologne.

FiFoSiM consists of three main parts. The first part is a static tax benefit microsimulation
module. The second part adds a behavioural component to the model: an econometrically
estimated labour supply model. The third module is a CGE model which allows the user of
FiFoSiM to assess the global economic effects of policy measures.

Two specific features distinguish FiFoSiM from other tax benefit models: First, the simultan-
eous use of two databases for the tax benefit module and second, the linkage of the tax benefit
model to a CGE model.



1 Introduction

The aim of this paper is to describe FiFoSiM!, the integrated tax benefit microsimulation and
CGE model of the Center for Public Economics (CPE) at the University of Cologne (Finan-
zwissenschaftliches Forschungsinstitut an der Universitéit zu Koln (FiFo)). FiFoSiM consists of
three main parts. The first part is a static tax benefit microsimulation module. The second
part adds a behavioural component to the model: an econometrically estimated labour supply
model. The third module is a CGE model which allows the user of FiFoSiM to assess the global
economic effects of policy measures. Two specific features distinguish FiFoSiM from other tax
benefit microsimulation models: First, the simultaneous use of two databases for the tax benefit
module and second, the linkage of the tax benefit model with a CGE model.

The basic module of FiFoSiM is a static microsimulation model for the German tax and
benefit system using income tax and household survey micro data. The approach of FiFoSiM
is innovative insofar as it creates a dual database using two micro data sets for Germany:
FAST98 and GSOEP.2 FAST9S is a micro datafile from the German federal income tax statistics
containing the relevant income tax data of nearly 3 million households in Germany. Our
second data source, the German Socio-Economic Panel (GSOEP), is a representative panel
study of private households in Germany. The simultaneous use of both databases allows for
the imputation of missing values or variables in the other dataset using techniques of statistical
matching.

Figure 1 shows the Basic setup of FiFoSiM. The layout of the tax benefit module follows
several steps: First, the database is updated using the static ageing technique which allows
controlling for changes in global structural variables and a differentiated adjustment for different
income components of the households. Second, we simulate the current tax system in 2006 using
the modified data. The result of this simulation is the benchmark for different reform scenarios
which are also modelled using the modified database.

The modelling of the tax and transfer system uses the technique of microsimulation.®> Fi-
FoSiM computes individual tax payments for each case in the sample considering gross incomes
and deductions in detail. The individual results are multiplied by the individual sample weights
to extrapolate the fiscal effects of the reform with respect to the whole population. After sim-

ulating the tax payments and the received benefits we can compute the disposable income for

!This paper is based on the English documentation of FiFoSiM (see Peichl and Schaefer (2006)), which is
a short version of the detailed German description (see Fuest et al. (2005b)). See also www.cpe-cologne.de for
further information.

In the last years several tax benefit microsimulation models for Germany have been developed (see for
example Peichl (2005) or Wagenhals (2004)). Most of these models use either GSOEP or FAST data. FiFoSiM
is so far the first model to combine these two databases.

3Cf. Gupta and Kapur (2000) or Harding (1996) for an introduction to the field of microsimulation.
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each household. Based on these household net incomes we estimate the distributional and the
labour supply effects of the analysed tax reforms. For the econometric estimation of labour
supply elasticities, we apply a discrete choice household labour supply model. Furthermore,
FiFoSiM contains a CGE module for the estimation of growth and employment effects, which
is linked to the tax benefit module. This interaction allows for a better calibration of the model
parameters and a more accurate estimation of the various effects of reform proposals.

The setup of this paper is as follows. Chapter 2 describes (the creation of) the dual database
of FiFoSiM, while chapter 3 describes the tax benefit module. Chapter 4 contains a description
of the labour supply model, while chapter 5 describes the CGE module. In chapter 6 several
applications of FiFoSiM are presented and an outlook to some developments planned for the

further improvement of FiFoSiM is given.



2 Database

A specific feature of FiFoSiM is the simultaneous use of two micro databases allowing for the
imputation of missing values or variables in the other dataset.? Due to the time lags between
the census and the availability, the data has to be updated to represent the German economy

in the period of analysis.

2.1 Income tax scientific-use-file 1998 (FAST98)

The federal income tax statistics is published every three years but with a time lag of five to six
years. This statistic contains all information from the personal income tax form (e.g. source and
amounts of incomes, deductions, age, children) for every household subject to income taxation in
Germany. For 1998, almost 30 million households are included in the micro database. FAST98 is
the income tax scientific-use-file 1998 (FAST98) containing a 10%-sample of the German federal
income tax statistics including the relevant tax data of nearly 3 million households.” The FAST
micro data is especially suitable for a detailed analysis of the German tax system. All structural
characteristics of the taxpayers are well represented and can be used for a differentiating analysis

of tax reforms.

2.2 German Socio-Economic Panel (GSOEP)

The German Socio-Economic Panel (GSOEP) is a representative panel study of private house-
holds in Germany since 1984.° In 2003 GSOEP consists of more than 12,000 households with
more than 30,000 individuals. The panel structure of GSOEP allows for longitudinal and cross
section analysis of economic and social changes. GSOEP contains information about the work-
ing time and the social environment of the households which is used for the labour supply

estimations. Furthermore, the bottom end of the income distribution is better represented in
GSOEP than in FAST.

2.3 Creating the dual database

One special feature of FiFoSiM is the creation and usage of a dual database. To be more
precise, FiFoSiM actually consists of two tax benefit microsimulation models. The first one
is based on administrative tax data (FAST), the second on household survey data (GSOEP).

The main reason for using the dual database instead of having only one merged database is

4Furthermore, a third database is used for the CGE module which is described in section 5.
5Cf. Merz et al. (2005) for a description of FAST9S.
6See SOEP Group (2001) or Haisken De-New and Frick (2003) for a more detailed introduction to GSOEP.



the huge difference in the number of observations. Furthermore, both databases have several
shortcomings, but nevertheless, they are the two most appropriate datasets available for the
analysis of the German tax benefit system. Therefore, information from one database is used for
the imputation of missing values or variables in the second dataset and vice versa. A complete
matching of the two databases is also possible but not yet necessary as we only need some of
the variables from the second file, which are missing for our analysis in the first file.” Hence, the
dual database of FiFoSiM actually consists of two enhanced datasets, which allow for a better
analysis of tax benefit reforms than the two raw datasets. Another aspect is the handling of
missing values in existing variables in each dataset.

There exist several principal ways for matching datasets or the imputation of missing val-
ues.® In FiFoSiM several of these approaches are used due to the difference in the number of
observations (3 million vs. 30,000). In general, information from the smaller GSOEP dataset
is matched to the FAST data using the regression approach. FAST information is merged to
GSOEP data using propensity score matching. Missing values in both datasets are imputed

using different approaches depending on the specific circumstances in each case.

2.4 Updating the data samples

The database is updated to the year of analysis (i.e. 2007) using the static ageing technique’
which allows controlling for changes in global structural variables as well as a differentiated
adjustment for different income components of the households. Especially the income tax data
sample needs to be updated as it describes the situation of 1998. The GSOEP data only needs
to be adjusted from 2002. Furthermore, the use of different ageing factors for each database
and the reweighing of the weighting factors ensure the consistency of the two databases.

The first step is to reproduce the fundamental structural changes of the population. This is
done according to the following criteria: age (in 5 year categories), assessment for income tax
(separate or joint) and region (East/West Germany). In the second step, the taxpayer’s incomes
are updated with respect to the varying development of different income types. Also different
income growth rates between West and East as well as for positive and negative incomes are
taken into account. This allows for a differentiated estimation of the income development.
Based on empirical research of the DIW (see Bach and Schulz (2003)) different coefficients for

positive and negative incomes are applied on each case’s income. For the simulation model this

"There are mainly legal privacy issues in Germany militating against a complete match. Nevertheless, the
matching of the anonymised databases does not allow for a deanonymisation of the individuals in the datasets.

8Rassler (2002) gives an introduction to statistical matching procedures and imputation techniques, as well
as an overview of the vast literature and software packages that exist.

9Cf. Gupta and Kapur (2000) for an overview of the techniques to modify the data for the use in microsim-
ulation models.



means that each income value is multiplied with the specific coefficient and thus extrapolated
to the current income level. Of course, the coefficients only represent the average development,
but regarding the whole population this method provides a satisfying approximation to the

income structure of today.

2.5 Strength and limitations of the dual database

The use of the dual database and the two tax benefit microsimulation models based on the
two enhanced datasets (FAST* and GSOEP*) allows us on the one hand to check consistency
between the two models and on the other hand to choose the model which is most appropriate
for each particular problem we want to analyse. However, these methods cannot guarantee
the resulting datasets to retain all advantages of both databases. Beside the huge difference
in size using methods of statistical matching leads to the loss of case-specific information.
Nevertheless, both datasets are each enhanced through external information while maintaining
their specific advantages. If the datasets were merged to one single database, lots of details
and the huge number of cases in FAST would be lost. Table 1 presents some aggregated results
for the revenue of the status quo personal income tax system for the years 2005-7 and for some

selected variables that are merged into the other dataset.

| Ref. | FAST FAST* | GSOEP GSOEP*

PIT 2005 || 181.00 | 178.75 181.16 | 185.85  180.69
PIT 2006 || 192.85 | 190.02 192.64 | 197.27  192.23
PIT 2007 || 200.67 | 198.71 201.46 | 206.51  200.30

Table 1: Strength and limitations of the dual database
Notes: The reference value (Ref.) for the personal income tax is based on the estimation of the
federal government for each year. * indicates the enhanced dataset.

The GSOEP values would overestimate the personal income tax in each year mainly because
of missing information about deductions. On the contrary, the FAST simulations underestim-
ate the tax revenue especially because of missing information about pension payments which
are more heavily taxed since 1998. These shortcomings can be overcome using the enhanced
datasets FAST* and GSOEP* which are part of the dual database of FiFoSiM.

The creation of this dual or enhanced database with information from administrative tax
data and a household survey gives the users of FiFoSiM a powerful tool for the analysis of

various questions regarding the German tax benefit system.



3 Tax benefit module

3.1 Modelling the German income tax law

Individuals are subject to personal income tax.!’ Residents are taxed on their global income;
non-residents are taxed on income earned in Germany only.

The basic steps for the calculation of the personal income tax under German tax law are
according to the scheme of table 2 as follows. The first step is to determine a taxpayer’s
income from different sources and to allocate it to the seven forms of income. The German
tax law distinguishes between seven different categories of income: income from agriculture
and forestry, business income, self employment income, salaries and wages from employment,
investment income, rental income and other income (including, for example, annuities and
certain capital gains). For each type of income, the tax law allows for certain income related
deductions. In principle, all expenses that are necessary to obtain, maintain or preserve the
income from a source are deductible from the receipts of that source. The second step is to sum
up these incomes to obtain the adjusted gross income. Third, deductions like contributions
to pension plans or charitable donations are taken into account, which gives taxable income
as a result. Finally, the income tax is calculated by applying the tax rate schedule to taxable

income.

Sum of net incomes from 7 categories
(receipts from each source minus expenses)
= adjusted gross income
- deductions
(social security and insurance contributions, personal expenses)
= taxable income x
tax formula
= tax payment T'

Table 2: Calculation of the personal income tax

3.2 Modelling the benefit system

To simulate the labour supply effects, the calculation of net incomes has to take the transfer
system into account as well. Federal transfers such as unemployment benefit, housing benefit,

and social benefits are modelled in FiFoSiM.

10As the Germany tax benefit system is very complex, we focus on the major parts of the model in this
description. A more detailed description can be found in the German version of this documentation (see Fuest
et al. (2005b)).



4 Labour supply module

4.1 FiFoSiM labour supply module

To analyse the behavioural responses induced by different tax reform scenarios we simulate
the labour supply responses. Following Van Soest (1995) we apply a structural discrete choice

household labour supply model.!!

assuming that the household’s head and his partner jointly
maximise a household utility function in the arguments leisure of both partners and net income.
Household i (i = 1,...,N) can choose between a finite number (j = 1,...,J) of combinations
(yij, Imi;, L fij), where y;; is the net income, Im;; the leisure of the husband and If;; the leisure
of the wife of household i in combination j. Based on our data we choose three working
time categories for men (unemployed, employed, overtime) and five for women (unemployed,
employed, overtime and two part time categories).

We model the following translog!? household utility function

Vij (i3) = @i Awij + By (1)
/
where x = ( Iny;;, Inim;;, Inlf; ) is the vector of the natural logs of the arguments
of the utility function. The elements of x enter the utility function in linear (coefficients
B = (B, 55, 533)") and in quadratic and gross terms (coefficients A(sx3) = (a;;)). Using control

13

variables z, (p = 1, ..., P)"® we control for observed heterogeneity in household preferences by

defining the parameters (3,,, Ay, as

B = D B (2)
QOmn = Z:—l OmnpZp (3)

where m,n = 1,2, 3.
Following McFadden (1973) and his concept of random utility maximisation'* we add a

stochastic error term ¢;; for unobserved factors to the household utility function:

Uij (vi5) = Vi (zi5) + €45 (4)
= J};jAZL’ij -+ B/ZL’U + Eij

1A detailed description of the FiFoSiM labour supply module is provided in the technical appendix and by
Fuest et al. (2005b).

12Cf. Christensen et al. (1971).

13We use control variables for age, children, region and nationality , which are interacted with the leisure
terms in the utility function because variables without variation across alternatives drop out of the estimation
in the conditional logit model (see Train (2003)).

14 Cf. McFadden (1981), McFadden (1985) and Greene (2003).



Assuming joint maximisation of the households utility function implies that household i
chooses category k if the utility index of category k exceeds the utility index of any other
category [ € {1,..., J}\{k}, if Uy, > U;. This discrete choice modelling of the labour supply

decision uses the probability of i to choose k relative to any other alternative I:
P (Uzk: > Ud) =P [(fL‘;kAl‘Zk + B,ahk) — (l‘;lALEil + B’l‘il) > € — 5z‘k] (5)

Assuming that ¢;; are independently and identically distributed across all categories j to
a Gumbel (extreme value) distribution, the difference of the utility index between any two
categories follows a logistic distribution. This distributional assumption implies that the prob-
ability of choosing alternative k € {1,..., J} for household i can be described by a conditional
logit model'®:
P(Uy > Uy) — G;Xp(‘/;k) (6)
lel exp (Vi)

exp (2l Ak + B'xir,)
7
Zl_l exp (v}, Az + B'zy)

For the maximum likelihood estimation of the coefficients we assume that the hourly wage
is constant across the working hour categories and does not depend on the actual working
time.!® For unemployed people we estimate their (possible) hourly wages by using the Heckman
correction for sample selection!”. The household’s net incomes for each working time category
are computed in the tax benefit module of FiFoSiM.

The labour supply module of FiFoSiM is based on GSOEP data, which is enriched by
information taken from the FAST data as described in section 2.3. The sample of tax units
is then categorised into 6 groups according to their assumed labour supply behaviour. We
distinguish fully flexible couple households (both spouses are flexible), two types of partially
flexible couple households (only the male or the female spouse has a flexible labour supply),
flexible female and flexible male single households, and inflexible households. We assume that a
person is not flexible in his/her labour supply, meaning he or she has an inelastic labour supply,
if a person is either younger then 16 or older then 65 years of age, in education or military
service receiving old-age or disability pensions or self employed or civil servant. Every other

employed or unemployed person is assumed to have an elastic labour supply. We distinguish

5McFadden (1973). Cf. Greene (2003) or Train (2003) for textbook presentations.

16This assumption is common in the literature on structural discrete choice household labour supply models
(see Van Soest and Das (2001)).

17Cf. Heckman (1976) and Heckman (1979). A detailed description of these estimations can be found in
Fuest et al. (2005b).



between flexible and inflexible persons, because the labour supply decision of those assumed
to be inflexible (e.g. pensioners, students) is supposed to be based on a different consumption
leisure decision (or at least with a different weighting of the relevant determinants'®) than that

of those working full time.

4.2 Welfare effects

The computation of welfare measures is another important aspect for the evaluation of effi-
ciency effects of tax reforms. Several methods and measures have been developed in the long
literature of Welfare Economics.'® The empirical application of these methods mostly focuses
on the ex-post evaluation of consumer demand using time-series data from before and after a
tax reform. Creedy and Kalb (2006) propose a method for the ex-ante analysis of the effects
of tax reforms on the labour-leisure decision. As far as we know, this method has not been
applied in a microsimulation model to real micro data yet.?’ Following this method, we com-
pute the changes in the equivalent variation as a money metric welfare measure based on the
microeconometrically estimated utility function of the labour supply model described in the

appendix. The equivalent variation E'V; for each individual 7 can be expressed as:
EV; = Ei(p07 Uzo) - Ei<p07 Uzl> = Ei<p17 Uzl) - Ei(p07 Uzl)

where E; is the expenditure function, p the price (wage) vector and U; the utility level before
(superscript 0) and after (1) the reform. The change in the welfare (in terms of the (negative)

excess burden) of the individual AW; can be expressed as
AW, = — (EV; - AT))

where AT is the change in tax revenue. Assuming a Utilitarian aggregation function, the

overall changes in welfare can be expressed as

AW = ZAWZ».

5 CGE module

The tax benefit and labour supply modules of FiFoSiM only account for the household side of

the economy. The computable general equilibrium (CGE) module allows us to simulate the

I8 Therefore, it is not possible to assume the same econometric relationship for these persons.
19See Slesnick (1998) for a comprehensive survey.
20Creedy and Kalb (2006), chapter 8, present an example with hypothetical data.



2L Therefore effects

overall economic effects of policy changes including the production side.
on labour demand, employment and economic growth as well as wage and price levels can be
assessed. The static CGE module of FiFoSiM models a small open economy with 12 sectors and
one representative household.?” The model is based on a social accounting matrix (SAM) for
Germany which is created using the 2000 Input-Output-Table and the static ageing technique
to transform the data to 2007.

FiFoSiM so far uses either the top-down or the bottom-up approach to combine the mi-
crosimulation and the CGE module. In the bottom-up linkage the representative household
(income, labour supply, tax payments) in the CGE module is calibrated based on the simula-
tion results of the microsimulation modules. For the top-down linkage changes of the wage or
price level are computed in the CGE model and used in the microsimulation modules for the

calculation of net incomes and the labour supply estimation.?

6 Applications and further development

6.1 Applications of FiFoSiM

The development of FiFoSiM started in September 2004. The first running version of the whole
system was ready for use one year later. Since then, the model has been steadily improved
and used for writing new publications. During the development of FiFoSiM, some introductory
papers have been written. Peichl (2005) gives an overview on the evaluation of tax reforms using
simulation models. Bergs and Peichl (2006) survey the basic principles and possible applications
of CGE models. Ochmann and Peichl (2006) give an introduction to the measurement of
distributional effects of fiscal reforms.

Furthermore, FiFoSiM can be used in many ways for the analysis of (reforms of) the tax
benefit system. Fuest et al. (2005a) and Fuest et al. (2007a) analyse the fiscal, employment and
growth effects of the reform proposal by Mitschke (2004) In Bergs, Fuest, Heilmann, Peichl and
Schaefer (2006) this analysis is expanded to the negative income tax part (Birgergeld) of this
proposal. Fuest et al. (2006) and Fuest et al. (2007c) analyse the efficiency and equity effects
of tax simplification. Tax simplification is modelled as the abolition of a set of deductions

from the tax base included in the German income tax system. Furthermore, Peichl et al.

21 This section is based on Bergs and Peichl (2006). See for example Shoven and Whalley (1984) for a different
introduction to CGE modelling.

22The expressiveness of this simple CGE module as a stand-alone model is rather limited. In combination with
the state-of-the-art microsimulation module it becomes a powerful tool, though. Nevertheless, the improvement
of the CGE module is work in progress (see section 6).

23The top-down bottom-up approach is so far only executed manually and not automatically. This is also
subject to future improvements (see section 6).

10



(2006) analyse the effects of these simplification measures on poverty and richness in Germany.
Fuest et al. (2007b) analyse the distributional effects of different flat tax reform scenarios for
Germany. Bergs, Fuest, Peichl and Schaefer (2006a) and Bergs, Fuest, Peichl and Schaefer

(2006b) analyse different reform proposals for the taxation of families in Germany.

6.2 Further Development and conclusion

FiFoSiM is a state of the art tax benefit simulation model for Germany. FiFoSiM consists of
three main parts: a static tax benefit micro simulation model, an econometrically estimated
labour supply model and a CGE model. Two specific features distinguish FiFoSiM from other
tax benefit models: First, the simultaneous use of two databases for the tax benefit module
and second, the linkage of the tax benefit model with a CGE model. FiFoSiM can be used to
analyse various policy reforms of the complex German tax and transfer system.

Nevertheless, several ideas for the further improvement of FiFoSiM exist. One major aspect
of improvement is the modelling of indirect taxes. For this reason, expenditure data is needed
and a third data source has to be included into the FiFoSiM database. The micro macro
linkage between the microsimulation and the CGE module shall be improved using the top
down bottom up approach. Furthermore, the CGE module is to be improved as well, for
example by allowing for more different household types or a more sophisticated modelling of
the labour market. Moreover, dynamic modules are planned. A small Ramsey type dynamic
version of the CGE module exists, but has not been used for any publication yet. This module
shall be improved and used in the future. The development is not settled yet. We expect new
issues of the FAST and GSOEP data, which have to be implemented in the model, soon.

To sum up, the creation of the dual database and the linkage of the tax benefit model
with a CGE model give the users of FiFoSiM a powerful tool for the analysis of various ques-
tions regarding the German tax benefit system. Both methods should be of interest for the

enhancement of other microsimulation models as well.
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