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Abstract 

Microsimulation models of the LOTTE system are key tools for tax policy-making in Norway and are 

extensively used in the budget process. The aim of this paper is to give an overview of the different 

modules in the LOTTE family – a non-behavioral tax-benefit model for personal income tax (LOTTE-

Skatt), a labor supply model (LOTTE-Arbeid), and a model for distributional effects of commodity 

taxation (LOTTE-Konsum). In addition to providing descriptions of the designs of the three 

microsimulation models, we give examples of how the models are used in practical and academic 

work. 
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Sammendrag 

Beslutningstakerne har behov for informasjon om hvordan endringer i skattesystemet påvirker 

skatteinntekter og inntektsfordelingen. For å kunne besvare slike spørsmål har SSB utviklet 

skatteberegningsmodeller, som anvendes til å simulere effekter av endringer i beskatningen av 

individer og husholdninger. Den første av disse ble utviklet i 1972 under navnet LOTTE. Dagens 

modellsystem består av tre del-modeller: LOTTE-Skatt, LOTTE-Arbeid og LOTTE-Konsum. 

Denne artikkelen gir en oversikt over modellene i LOTTE-familien. Siden LOTTE-modellene er 

beslektet med tilsvarende modeller i andre land, er det viktig å gjøre dem kjent for et internasjonalt 

publikum. Vi beskriver de tre modellene i detalj, hvordan de brukes i det norske 

beslutningssystemet og hvordan de har blitt anvendt i arbeider rettet mot et mer akademisk 

publikum (artikler i internasjonale tidsskrift). 

LOTTE-Skatt anslår virkninger på skatteproveny og fordeling av endringer i inntekts- og 

formuesskatten for personer. I denne modellen tas det ikke hensyn til at skatteendringer kan 

påvirke adferd, f.eks. arbeidstilbudet. Datagrunnlaget til modellen bygger på informasjon fra 

skattemeldingen for alle personer bosatt i Norge, samt annen registerinformasjon på individnivå. 

LOTTE-Arbeid er utviklet for å beregne effekter på arbeidstilbudet når skattene endres. LOTTE-

Konsum anvendes til å beregne fordelingseffekter av endringer i indirekte skatter, som 

merverdiavgift og særavgifter. 



1 Introduction
In discussions of future policies, policy-makers would like to obtain information about the effects
of the policies in question compared to a “no change” benchmark. For example, they would like to
know the costs and distributional effects of prospective changes in taxes and benefits. Microsim-
ulation modelling tools are commonly used to provide such information. The capacity of these
models to forecast the effects of policies that do not currently exist, but might do so in the future,
also referred to as “what if” analysis, is widely acknowledged (Bourguignon and Ferreira, 2003;
Bourguignon and Spadaro, 2006; Figari, Paulus, and Sutherland, 2015).

Hence, microsimulation models are integral parts of the policy-making process worldwide.
For example, in the U.S., the Congressional Budget Office, the Joint Committee on Taxation and
the Office of Tax Analysis develop and operate several microsimulation models (Joint Committee
on Taxation, 2011). In Europe, a tax-benefit model for the countries of the European Union has
been developed – EUROMOD (Sutherland and Figari, 2013). A selection of other models include
NBER’s TAXSIM (Feenberg and Coutts, 1993) and the Urban-Brookings Tax Policy Center Mi-
crosimulation Model (Rohaly, Carasso, and Saleem, 2005) for the U.S., IFS’s TAXBEN (Waters,
2017) for the U.K., MITTS of the University of Melbourne (Creedy, Duncan, Kalb, Kew, and
Scutella, 2001) for Australia, Statistics Sweden’s FASIT (Helgeson, von Hofsten, and Lindström,
2018), and the Danish Ministry of Finance’s Law Model (Finansministeriet, 2003).

In Norway, the microsimulation model system LOTTE has been used for several decades to
assist in tax policy-making. The system is part of the portfolio of prediction models developed and
maintained by the Research Department of Statistics Norway. Other models include the Keynesian
macro model KVARTS (Boug, von Brasch, Cappelen, Hammersland, Hungnes, Kolsrud, Skret-
ting, Strøm, and Vigtel, 2023), the DSGE model NORA (Aursland, Frankovic, Kanik, and Sax-
egaard, 2020), the dynamic microsimulation model MOSART (Andreassen, Fredriksen, Gjefsen,
Halvorsen, and Stølen, 2020), the general equilibrium model SNOW (Fæhn, Kaushal, Storrøsten,
Yonezawa, and Bye, 2020), and the general equilibrium model for analysis of fiscal sustainability
problems, DEMEC (Holmøy and Strøm, 2017). The models have in common that they are de-
veloped and maintained by staff at Statistics Norway. However, the operation of models in the
policy-making process varies somewhat: some models are exported to, and operated by, personnel
at the Ministry of Finance, while others are kept at and operated by Statistics Norway.

In this paper we describe the models of the LOTTE system – the static microsimulation models
of Statistics Norway, designed to simulate the effects of changes in the taxation of individuals and
households; see Aasness, Dagsvik, and Thoresen (2007) for a previous model documentation. We
characterize the models of the LOTTE system as static because they have no dynamic elements.1

However, non-dynamic does not mean non-behavioral, and as we will describe, the LOTTE system
includes both behavioral and non-behavioral models.

Currently, there are three defined models belonging to the LOTTE system, and we present
each of them in turn.2 In addition to describing the design of each model,3 we explain how they are
used to assist in policy-making and how they have been used in discussions of broader tax policy
questions for an international audience, i.e., in international academic journals.

First, the workhorse of the LOTTE model system is the standard non-behavioral (or arithmetic)

1Dynamic microsimulation often includes modeling year to year changes in socioeconomic factors, such as mar-
riage, divorce, having a child, becoming unemployed, retire, or die – outcomes which are not usually given much
attention in static microsimulation analysis.

2Other models based on the microsimulation concept and related to those presented here have been developed. For
example, both non-behavioral and behavioral models have been established for families with preschool children; see
Kornstad and Thoresen (2007) and Thoresen and Vattø (2019) for two labor supply models for this group of families.

3Similar to several of the other models referred to above, the source code of the models of the LOTTE system are
not “open source”. See https://euromod-web.jrc.ec.europa.eu/download-euromod/ for source code of EUROMOD.
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tax-benefit model LOTTE-Skatt.4 It has been in extensive use for more than five decades, since its
introduction in the early 1970s. Designated Statistics Norway personnel operate the model on a
daily basis to assist in the policy-making process. Although a main focus here is on its practical use
in the policy-making, the model has proven useful in academic work too. For example, the model
has been used in discussions of tax redistributional effects in Lambert and Thoresen (2009), which
we will return to later in this paper.

Second, the behavioral counterpart to LOTTE-Skatt is LOTTE-Arbeid, as this model predicts
labor supply effects of changes in the personal income tax.5 Behavioral microsimulation models
are often based on estimation of structural equations, which means that demanding econometric
work is typically involved. The discrete choice labor supply model of van Soest (1995) represents a
dominant empirical approach in practical work, see for example Blundell and Hoynes (2004), Kalb
(2010), and de Boer and Jongen (2023). LOTTE-Arbeid builds on a particular discrete choice labor
supply model based on the concept of “job choice”, developed over several decades by econometri-
cians of Statistics Norway and the University of Oslo; see Dagsvik (1994), Aaberge, Dagsvik, and
Strøm (1995), Dagsvik, Jia, Kornstad, and Thoresen (2014), and Dagsvik and Jia (2016).

Third, the model LOTTE-Konsum was developed to describe distributional effects of changes
in the commodity taxation (Aasness, Benedictow, and Hussein, 2002).6 The empirical strategy be-
hind LOTTE-Konsum is based on an imputation method, where household expenditures are derived
from a system of Engel functions, and assigned to households on the basis of demographic infor-
mation. In LOTTE-Konsum, the budget shares for each household are calculated for the baseline
(benchmark) situation and used to calculate a household-specific price index. The simulations of
the distributional effects of changes in the commodity taxation are then carried out by letting the
price index reflect the tax changes. Revenue effects of the same changes are obtained from separate
revenue models, run by the Ministry of Finance.

The LOTTE model portfolio shares important similarities with many of the other models, re-
ferred to above. For example, EUROMOD now includes a labor market adjustment add-on (EU-
ROLAB), in addition to the tax-benefit calculator (Christl, De Poli, Hufkens, Leventi, and Papini,
2023) and MITTS (of the University of Melbourne) includes both a tax-benefit model and a be-
havioral labor supply module. Thus, the case where a labor supply module works in conjunction
with a non-behavioral tax-benefit calculator, such as the LOTTE-Skatt and LOTTE-Arbeid com-
bination, is rather common. Perhaps the most idiosyncratic member of our model collection is
LOTTE-Konsum. There are other models also calculating effects of changes in indirect taxes, such
as TAXBEN of the UK, but the imputation method of LOTTE-Konsum is (to our knowledge) rather
unique.

The paper is organized as follows. In Section 2, we give a brief historical overview of the
development of the models in the LOTTE system. Section 3 then describes the tax-benefit module
for personal income tax simulations, LOTTE-Skatt, Section 4 presents the labor supply module,
LOTTE-Arbeid, and Section 5 presents the module that describes the distributional effects of com-
modity taxation, LOTTE-Konsum. Each model presentation includes descriptions of how the model
is used in the decision-making process, as well as examples of how the models are used to reach out
to a wider academic audience. Section 6 provides concluding remarks.

2 Model development
The development of a tax-benefit model for Norway started in the early 1970s – the first version
was operational and documented in 1972 (Rosenqvist, 1972). The model was named LOTTE after

4“Skatt” means tax in Norwegian.
5“Arbeid” means work or labor in Norwegian.
6“Konsum” means consumption in Norwegian.
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its founder, CharLOTTE Rosenqvist. Later, when other modules were developed, it was renamed
LOTTE-Skatt. In those early years, model simulations were executed by means of data tapes and
punch cards using FORTRAN programming. Model samples in these early days were small, about
13,000 in 1967 (the individual as the unit). Despite that the running time was very high (about 45
minutes). Due to lack of detailed information about taxpayers’ income and wealth, as well as a
small sample size, the first version of the model was probably not very accurate.

The LOTTE model was revised in 1981, documented in Hovland and Røyne (1982). A new
feature was that a terminal could be used instead of punch cards. Data improvements meant that
more detailed information about different elements of total income and total wealth was used, en-
abling more comprehensive simulations of the personal tax system. The main unit was still the
taxpayer, but information about household formation was added using data from three household
sample surveys (1970, 1973, and 1976).

New advances in IT and increased demand for simulations by policy-makers led to further
revisions of the model (Nygaard, 1988; Lian, 1991). It was decided to change the programming
language from FORTRAN to SAS (Statistical Analysis System). In 1991 the model was redesigned
to run on the UNIX operating system, and a tax simulation was executed within approximately 2.5
minutes. The input data that covered only around 0.5 percent of the population were expanded to
include information on different types of transfers and pensions, which led to the development of a
pension/transfer module (Arneberg, 1994). This module was updated for only a few years and then
terminated.7 Another short-lived module was called LOTTE-AS, developed to simulate effects of
changes in corporate income taxation, after Norway adopted a version of the dual income tax in
1992 (Aarbu and Lian, 1996).

The mid-90s saw the advent of LOTTE-Konsum, which simulates the distributional effects of
changes in commodity taxation (Aasness et al., 2002). In contrast to LOTTE-Skatt, this model was
not used for revenue calculations – only to describe distributional effects.

The third model in the LOTTE system, the labor supply model LOTTE-Arbeid, was introduced
in 2008. This module is based on a particular structural discrete choice model resulting from seminal
econometric work by staff at Statistics Norway and the University of Oslo for several decades prior
to the initiation of LOTTE-Arbeid (Dagsvik, 1994; Aaberge et al., 1995).

The development of microsimulation models has benefited vastly from the revolution follow-
ing from the exploitation of administrative registers for data purposes. The Register of Income
Tax Returns was in place in 1993, but because information on household formation was derived by
separate sample surveys, the number of persons in LOTTE-Skatt was small compared to the total
population of Norway. However, from 2005, a unique address register for all dwellings in Norway
made it possible to establish households on the basis of residential addresses. From then on, In-
come and wealth statistics for households (Statistics Norway, 2021) for the complete Norwegian
population constitute the main data source for LOTTE-Skatt. We provide further information on the
various data sources in Section 3.2.

Another important data innovation was a new valuation scheme for housing, in place from
2010. Before 2010, housing values were obtained from a register of historical tariff values, which
implied that older dwellings got unrealistically low values. This resulted in legitimacy problems for
the tax schemes based on these values, for example in the taxation of annual net wealth.8 Since 2010
the Norwegian Tax Administration has employed data sets for housing transactions and hedonic
regression techniques to calculate values for each primary dwelling for tax purposes. The parameter
estimates of the hedonic regression render predicted housing values based on characteristics such

7Today, simulations of post-tax effects of changes in pensions and social transfers are carried out by means of
an ad-hoc procedure, where changes in pensions and transfers are simulated by the Norwegian Labour and Welfare
Administration and then taxed by LOTTE-Skatt at Statistics Norway.

8Norway is one of only a few countries that levy a tax on annual net wealth, see Thoresen, Ring, Nygård, and Epland
(2022).
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as geographical location, housing types, and size. Housing values are upgraded annually by means
of data on new transactions.

The main reason for models being developed and operated by Statistics Norway is data re-
striction regulations, which bar people outside the research community from access to microdata.9

However, it was considered convenient to let the Ministry of Finance having access to their own ver-
sion of LOTTE-Skatt, and in 2011 a simplified version of LOTTE-Skatt, named LOTTE-Aksess,
was introduced. This model version prevents the model user from direct access to micro data.10

This means that although LOTTE-Skatt is located on a server at Statistics Norway and maintained
by staff at Statistics Norway, a version of it can be operated by tax analysts at the Ministry of Fi-
nance. In 2021 a more user-friendly version of LOTTE-Aksess was made available for the Ministry
of Finance, with a SharePoint site for ordering and with simulation results reported in Excel.

3 LOTTE-Skatt

3.1 Model design
The Norwegian non-behavioral tax-benefit model LOTTE-Skatt holds a key position in the decision-
making system in Norway. The model is extensively used by the Ministry of Finance in preparing
the budget, while the other political parties in the Storting (the Norwegian parliament) make partic-
ular use of the model to develop their alternative budget proposals after the proposed government
budget has been presented. Simulation results are reported back to the opposition parties fairly
promptly. Many of these simulations are done by staff at the Ministry of Finance through LOTTE-
Aksess. More complicated tax changes and tax simulations for alternative budget proposals are
executed by dedicated model operators at Statistics Norway.

Figure 1 provides a graphical illustration of the different components of a standard LOTTE-
Skatt tax simulation. A simulation consists of several elements and steps: individual input data
(described in Section 3.2), a program that projects data for the year of interest (described in Sec-
tion 3.3), a set of tax scheme parameters reflecting the tax legislation and a simulation program
that applies the tax legislation to the individual data records.11 The results of a tax policy change
simulation are compared to results of a reference simulation. For instance, when the policy-makers
are preparing the next year’s budget, they compare effects of various tax-law changes to effects of a
simulation based on this year’s tax-law, projected to the next budget year.

Standard model output of LOTTE-Skatt includes aggregate tax revenue effects and various
descriptions of distributional effects. To illustrate this, we show simulation results for an increase
in the net tax rate of the dual income tax scheme: the tax on ordinary income is increased by 1
percentage point, from 22 percent to 23 percent. Table 1 demonstrates how a standard revenue table
would look like in this case, whereas Figure 2 provides a graphical depiction of an output table for
distributional effects. The income distribution of Figure 2 (horizontal axis) is established by ranking
individuals above the age of 16 by individual pre-tax income.12

9To be precise, the Ministry of Finance could get access to anonymized data, which in practice would mean removing
personally identifiable information. But given the large number of variables in our administrative registers, in a country
with a small population, anonymization would involve reducing the number of variables, likely leading to a deficient
model.

10“Aksess” is access in Norwegian, and the name alludes to improved accessibility.
11The model also includes a “typical household” (constructed household) simulation module, which permits simulat-

ing effects of tax changes for specific households – for families with 1 or 2 adults (singles or married couples) and 0–3
children, differentiated with respect to types of income (wage income, pension income, business income, and capital
income).

12Other standard output tables for distributional effects include tables based on other income concepts, such as
household income adjusted by equivalence scale.
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Figure 1: Overall structure of a LOTTE-Skatt tax-benefit model simulation
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Table 1: Simulated revenue effects of a 1 percentage point increase in tax on ordinary income in
2023. In millions of NOK

Alternative Reference Difference
Income tax, municipal level 237,079 220,840 16,238
Income tax, state level 136,401 136,401 0
Social insurance tax 178,102 178,102 0
Bracket tax 100,732 100,732 0
Wealth tax, municipal level 20,248 20,248 0
Wealth tax, state level 9,731 9,731 0
- Tax red., housing savings scheme for young taxpayers 580 580 0
- Tax red., pensioners 13,171 13,110 61
- Tax red. in the north (North-Troms and Finnmark) 1,133 1,119 14
Total taxes 667,409 651,246 16,163
- Cash-for-care 1,377 1,377 0
- Child benefit 22,171 22,171 0
- Additional child benefit (small children, single parents) 44 44 0
Total 643,817 627,654 16,163

Notes: Standard output revenue table from a LOTTE-Skatt simulation. Simulation alternative compared
to a 2023 reference using 2020 data (10% sample) projected to 2023.

Figure 2: Simulated average increase in the tax burden across pre-tax income in deciles. 1 percent-
age point increase in tax on ordinary income in 2023. In thousands of NOK
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Notes: Standard output from a LOTTE-Skatt simulation, distributional effects. Individuals above the age
of 16 are ranked by individual pre-tax income.

3.2 Data
The primary data source of the model is the Income and wealth statistics for households (Statistics
Norway, 2021), which is based on several administrative registers, including detailed income tax
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return data from the Norwegian Tax Administration. Data from the Norwegian Labour and Welfare
Administration (NAV) provide information about family, pension, disability, unemployment and
other social security benefits, and data on education level and education support are provided by
the Register of Education and the Norwegian State Educational Loan Fund. Limited company
ownership of real estate is calculated for each person using data from the Register of Shareholders
and from tax returns of limited companies.

The individual person is the primary unit of the model population, but output can be presented
in terms of effects on households too. Households are formed based on a unique address register
for all dwellings in Norway (see Section 2), connecting individuals by residential unit.

The full data sample include all 5.5 million individuals (of the country), corresponding to 2.2
million households. In order to reduce computational time, we usually use a sample consisting of
about 10 percent of all households. However, high-income households (gross income exceeding
NOK 10 million) and the wealthiest households (net wealth of more than NOK 100 million) are
always included in the sample, to avoid biases in the revenue calculations. Accordingly, these
households get a weight of 1, whereas other households have a 10 percent chance of being selected
and therefore get a weight of 10.13

Households are categorized into five socioeconomic groups depending on the status of the
“head of the household”, defined as the person with highest income: i) wage earners (52% of our
sample in 2021), ii) self-employed (2%), iii) pensioners (20%), iv) social security recipients (11%),
and v) others (14%).

3.3 Projections of tax base and tax scheme
Data must be projected from the year of the data (base year) to the simulation year, typically a three
year time span. For example, in the spring of 2023, we prepared a data set for the year 2021 to
be employed in simulations with respect to the 2024-budget, made public in early October 2023.
The projections (or nowcasting) consists of two steps. First, projections are made for economic
variables such as income, income deductions and wealth for each person. Income variables and
income deduction variables are categorized with respect to adjustment factors, as different factors
are employed for different income variables, such as for wage income, pension income, social
security benefits, self-employed income (business income) and capital income (interest income,
dividends, and gains).

Second, sample weights are adjusted to account for changes in the number of households as-
signed to each of the five socioeconomic statuses (see Section 3.2). Other demographic changes
from base year to simulation year are not taken into account, which means that, e.g., distributions
of age, gender, and geographical location as well as marital, socioeconomic, occupational and em-
ployment statuses are assumed to be the same in the simulation year as in the base year. The factors
used in the projections are based on different sources of information: data from Statistics Norway
such as the National Accounts, published information from the Norwegian Labour and Welfare
Administration, and forecasts from the Ministry of Finance.

Similarly, variables representing the tax legislation for the current year (e.g., maximum and
threshold values) are projected to the budget year. The method for uprating the tax scheme includes
using estimates of wage growth, consumer price growth. Importantly, there is an established con-
vention guiding the procedure to project the tax system from one year to the next (for example, in
the spring of 2023 we established a 2024 tax scheme benchmark based on the 2023 tax law): the
tax scheme is uprated to the next year under the condition that the ratio of the tax to the tax base,
for a taxpayer with only standard income deductions, is close for the two years.

13There are alternative sampling procedures to this method – our method can be characterized as scoring well on
transparency.
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3.4 Model validation
In general, model simulation results may deviate from the actual taxation, as reflected in the income
tax return. Discrepancies emerge because 1) the tax simulations are simplified and because 2) not all
parts of the scheme are simulated. As a result model output results typically deviate from what we
get from the administrative tax registers, for example in terms of the individual tax burden. Various
tests of model performance are regularly executed to get a picture of the magnitude of deviations
and to keep track of over time developments.

Table 2 shows a comparison of output from LOTTE-Skatt and output collected from the tax
register for 2021. Thus, this illustrates the extent of inaccuracies due to simplified tax simulation
procedures. The table shows that total taxes, as simulated by LOTTE-Skatt, is 0.2 percent higher
(1.2 billion NOK) than the taxation reported in the registers. Deviations vary from -0.11% to 3.84%,
depending on the type of tax. Moreover, deviations caused by not being able to include all com-
ponents of the tax system in the simulations give additional discrepancies of a similar magnitude,
implying that the total deviation is about 0.4 percent.

Furthermore, using the 10 percent sample (see Section 3.2) instead of the full population is also
a source to discrepancy. The deviation in total taxes caused by employing the 10 percent sample in
the simulations is generally small (less than 0.1 percent), but care has to be taken when studying
highly disaggregated simulation output.

Table 2: Simulated output from LOTTE-Skatt compared to output from the administrative registers
based on income tax returns, 2021. In million NOK and percent

LOTTE-Skatt Tax reg. Diff. in %
Income tax, municipal level 254,589 254,199 0.15
Income tax, state level 122,580 122,382 0.16
Social insurance tax 165,319 164,829 0.30
Bracket tax 81,829 81,772 0.07
Wealth tax, municipal level 14,989 14,911 0.52
Wealth tax, state level 3,212 3,199 0.40
- Tax red., housing savings scheme for young taxpayers 1,003 0,966 3.84
- Tax red., pensioners 14,213 14,229 -0.11
- Tax red. in the north (North-Troms and Finnmark) 1,069 1,068 0.10
Total 626,233 625,029 0.19

Notes: Here, both the simulated output from LOTTE-Skatt and the output from administrative tax registers
are based on the population of all residents in 2021.

3.5 Use of LOTTE-Skatt in academic work
3.5.1 Fixed-income approach

In the following we present two studies that use LOTTE-Skatt in contributions aimed for the inter-
national academic literature. First, we refer to Lambert and Thoresen (2009), where the tax-benefit
model is used to evaluate the contribution of the tax system to redistribution and tax progressivity
over time. Next, in Section 3.5.2, we describe how measures of tax policy behavioral effects can
be produced by feeding estimates of behavioral response into a non-behavioral tax-benefit model,
illustrated by Jia, Thoresen, and Vattø (2023).

Lambert and Thoresen (2009) evaluate the contribution of the tax system to redistribution and
tax progressivity over time (1992–2004) by using a “fixed-income” approach: different tax-laws are
applied to the same (fixed) pre-tax income distribution.14 They present results for several pre-tax

14Kasten, Sammartino, and Toder (1994) use the same technique studying the development of U.S. tax progressivity
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income distribution bases – those of 1992, 1998 and 2004. For each of these data sets, individuals
were subjected to taxation as per the tax legislation of 1992, 1995, 1998, 2001, and 2004. When
tax rules are from a year different from the point of time of the pre-tax income distribution, all tax
thresholds are adjusted by wage growth.

Figure 3 shows how the tax policies of the period 1992–2004 are evaluated by the fixed-income
approach. Effects are measured in terms of the Blackorby–Donaldson index (BD index) of redistri-
butional effect (Blackorby and Donaldson, 1984), decomposed into vertical and horizontal inequity
effects (V R and HI). The BD index is founded on social welfare function reasoning, as it employs
the index of Atkinson (1970), I(e), as an inequality index, where e > 0 is the (relative) inequality
aversion parameter, capturing the concavity of the utility function of an assumed social decision-
maker.15 Furthermore, the decomposition into vertical and horizontal effects is carried out in terms
of two concepts of horizontal inequity – the so-called “classical” and the “no reranking” approaches
(C and NR). The classical approach to horizontal inequity measurement starts from a perception of
the vertical effect as being the average effect of the tax system on the relative income differentials
of pre-tax unequals (Musgrave, 1990; Aronson, Johnson, and Lambert, 1994; Jenkins and Lambert,
1999). The “no reranking” procedure arises from the perception that if individuals are reranked
by the tax schemes in the transformation from pre-tax income to post-tax income, this amounts to
procedural unfairness (Plotnick, 1981; King, 1983; Jenkins, 1994).

The most striking feature of Figure 3 is that the two lower panels pick up the temporary tax
on dividends in 2001, whereas the upper panel does not. This follows from the small volume of
dividend transfers in the 1992 data (less than NOK 2 billion); compared to pre-tax income distri-
butions for 1998 and especially for 2004. These years have much higher taxable dividends, NOK
18 billion and NOK 63 billion, respectively. This is an example of the base dependence problem
of the fixed-income approach. On balance, we find that the redistributional effect of the tax system
is more or less unaltered from 1992 to 2004 – if anything, we see a small increase in the vertical
redistribution over the period (for 1998 and 2004 base years).

over the period 1980–1993. In the Norwegian context, this method has also been used to provide information about the
tax policies of different governments (of different colors) and their redistributional ambitions (Lian, Nesbakken, and
Thoresen, 2013; Lian, Nesbakken, Thoresen, Jia, Nygård, and Vattø, 2019). Lambert and Thoresen (2009) also discuss
an alternative method to the fixed-income approach for comparing tax distributional effects over time – the “transplant-
and-compare” approach of Dardanoni and Lambert (2002). See also Thoresen, Jia, and Lambert (2016) for a general
discussion on methods of describing tax redistributional effects over time.

15Results are shown only for e = 0.75.
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Figure 3: Estimates of tax redistributional effects 1992–2004, based on the fixed-income approach
for income bases 1992, 1998, and 2004
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Notes: Simulations for the tax schemes of 1992, 1995, 1998, 2001, and 2004 from the Norwegian tax-
benefit model LOTTE-Skatt for three different choices of income base (1992, 1998, and 2004). The tax
redistributional effects are shown for the Blackorby–Donaldson index of redistributional effect (Blackorby
and Donaldson, 1984), based on the Atkinson inequality measure (Atkinson, 1970), when income inequality
aversion (e) is set at 0.75 (ΠBD). The overall redistributional effect is decomposed into a vertical effect and
a horizontal inequity effect on the assumption that horizontal equity violations are separated and controlled
for. Estimates of horizontal inequity are derived according to two perceptions of the vertical effects of tax
systems: the “classical view” (HIC) (Musgrave, 1990; Aronson et al., 1994; Jenkins and Lambert, 1999) and
the “no reranking perspective” (HINR) (Plotnick, 1981; King, 1983; Jenkins, 1994). The former identifies
vertical redistribution as the average effect on relative income differentials (V RC), while the latter defines
the vertical effect as the transformation from the given pre-tax income distribution to the given post-tax
income distribution that would not create procedural unfairness in terms of rank reversals (V RNR). Source:
Lambert and Thoresen (2009)
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3.5.2 Predicting behavioral effects of tax policy from external evidence

In Section 4 we return to how a fully developed structural behavioral model can accompany a tax-
benefit model. Here, we describe an alternative approach where evidence from other empirical
studies, for instance based on quasi-experimental evidence, can be used to describe the expected
behavioral response of a prospective tax reform.16 We may refer to this latter procedure as making
use of “external evidence” (Jia et al., 2023) or taking a reduced form approach (Ollonqvist, Tervola,
Pirttilä, and Thoresen, 2021).17 In practice, the method is founded on a simulation exercise where
expected behavioral responses to a tax change is accounted for by adjusting the input of the non-
behavioral tax-benefit model (as LOTTE-Skatt).

We illustrate the approach with an example in which a fifth bracket, for income of over NOK
2 million (EUR 200,000 and USD 230,000), and with a tax rate of 47.4 percent, is added to the
Norwegian bracket tax scheme.18 The tax rate of the new bracket is 1 percentage point higher than
the fourth bracket (46.4 percent). Given this example, only individuals with income over NOK 2
million are affected.

In the following, we describe the intensive margin responses:19 The marginal tax rate, MT Ri,
for each individual is simulated by increasing the individual’s earnings, EPi, by a small amount
(∆EPi = NOK 10),

MT Ri =
T (EPi)−T (EPi +∆EPi)

∆EPi
, (1)

where T symbolizes tax. Then, if 1−MT R0i is the net-of-tax rate before the change, 1−MT R1i is
the net-of-tax rate after the change, and ε is an earnings response estimate, we adjust pre-tax income
by the factor

ε
(1−MT R1i)− (1−MT R0i)

(1−MT R0i)
. (2)

The reason for characterizing this approach as an “external evidence” procedure is that we obtain
the response estimates from external sources. Based on evidence of the elasticity of taxable income
(ETI) in the literature (Saez, Slemrod, and Giertz, 2012), we set ε = 0.2. In selecting this estimate,
we give more weight to estimates of the ETI based on Norwegian data, such as Aarbu and Thoresen
(2001) and Thoresen and Vattø (2015).

Given the 1 percentage point change in the top marginal tax rate, the net-of-tax rate (at that
level) increases by 1.9 percent. Furthermore, given the response estimate of 0.2, incomes over
NOK 2 million (wage-income and self-employment income) are adjusted downward by 0.38 per-
cent because of the tax increase.20 Then, estimates of post-reform taxes, disposable income, etc.,
before and after adjustment of pre-tax income, can be obtained from conventional LOTTE-Skatt
simulations. The difference between simulation results with and without adjustments in pre-tax
income defines the contribution from behavioral adjustments (to the tax change).

Table 3 presents the revenue effects of the tax change. The benchmark tax revenue is obtained
by applying the tax rule of 2023 without the additional fifth bracket in the tax system. We find that
the direct (non-behavioral) revenue effect of adding the fifth step is NOK 268 million. This revenue

16A possible reason for choosing this method is that the policy change in question concern a specific group for which
there is no reliable (structural) behavioral simulation model.

17A similar method has also been used in Thoresen (2004) and Thoresen, Bø, Fjærli, and Halvorsen (2012).
18A marginal tax rate of 47.4 percent follows from national insurance contribution (8 percent), plus tax on ordinary

or net income (22 percent), and plus the top rate of the bracket tax scheme (17.4 percent). Bracket tax is the progressive
element of tax on wage income of the Norwegian dual income tax system. Note also that this fifth bracket has been part
of the scheme since 2022.

19Jia et al. (2023) provides further details as to how estimates at both the extensive and intensive margins are obtained.
201.9 multiplied by 0.2.
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increase is counteracted by behavioral adjustments, reducing the revenue increase due to the tax
change to NOK 156 million (268 minus 112), when behavioral adjustments at both the intensive
and the extensive margins are taken into account. In total, this means that we get an estimate of the
behavioral counteracting effect ratio of 0.42.21

Table 3: Simulated tax revenue effects of introducing a fifth tax bracket. Millions of NOK

Total tax revenue Diff. to benchmark
Benchmark: 2023 tax rules without a 5th bracket 578,134 -
2023 tax rules:

Direct (non-behavioral) effect 578,402 268
Intensive margin behavioral effect -106
Extensive margin behavioral effect -6
Direct and behavioral effects 578,290 156

Behavioral counteracting effect ratio 0.42
Notes: Simulations generated by the Norwegian tax-benefit model LOTTE-Skatt, data for 2020 projected
to 2023. Behavioral effects are taken into account with an ETI estimate of 0.2 at the intensive margin and
0.1 at the extensive margin. Source: Jia et al. (2023).

4 LOTTE-Arbeid

4.1 Labor supply responses
4.1.1 A discrete choice model based on the concept of “job choice”

Next, we turn to the labor supply module of the LOTTE system, LOTTE-Arbeid. The model simu-
lates supply responses to alternative tax and transfer schemes based on a structural discrete choice
labor supply model. In the category of structural labor supply modeling approaches, the discrete
choice labor supply model, based on the random utility modeling framework (van Soest, 1995), has
gained widespread popularity among public finance practitioners (Creedy and Kalb, 2005). This
type of model can easily handle non-convex budget sets and two-earner households.

We use a specific discrete choice model based on the concept of “job choice” (Dagsvik, 1994;
Aaberge et al., 1995; Dagsvik et al., 2014; Dagsvik and Jia, 2016). According to this framework,
labor supply decisions are viewed as the outcomes of individuals choosing among jobs, with addi-
tional constraints on the set of available jobs.22 In this model, a labor supply decision is viewed as
the choice of the most preferred job from a choice set of available jobs, where each job is character-
ized by non-pecuniary attributes, wage rate and fixed job-specific hours of work. The jobs, choice
sets and non-pecuniary job attributes (job-specific tasks to be performed, workplace locations and
quality of work environment) are not observed by the researcher. Only the wage rate and the hours
of work of the chosen jobs are observed.

Moreover, it is assumed that there may be more full-time jobs available than jobs with other
working hours. The distribution of preferences for non-pecuniary job attributes is assumed to be
independent of working hours. Hence, due to unobserved heterogeneity in preferences across indi-
viduals and latent jobs, it follows that more individuals will choose to work full-time than to work

21Of course, as we will return to in Section 5.3, there are other revenue effects involved, as effects working through
the payroll tax and commodity taxation.

22The “job choice” model choice model emphasizes that individuals face restrictions when they choose jobs and hours
of work and therefore, it can be argued, represents a more realistic depiction of the actual choices of heterogeneous
individuals than as following from conventional labor supply models, such as the one by van Soest (1995).
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according to other schedules. The utilities of the jobs with any given workload are assumed to be
randomly, independently and identically distributed (i.i.d.) across the set of available jobs.

The utility of disposable income, C, hours of work h and job indexed by z = 0,1,2, ... is as-
sumed to be

U(C,h,z) = v(C,h)+η(z), (3)

where z = 0 means not working (in which case h = 0), v(C,h) is a deterministic function and η(z)
is a stochastic term that represents preferences for the non-pecuniary job attributes. For a given job,
z, the economic budget constraint is given by

C(z) = f (wh(z), I), (4)

where h(z) is hours of work in job z, w is the wage rate (individual-specific), I is non-labor income
and f is the net-of-tax function. In addition to the economic budget constraint, an individual faces
a specific choice set of available jobs, as mentioned above.

The cumulative distribution function of η(z) is assumed to be a Gumbel distribution.23 It then
follows that the probability of choosing a job with hours of work h, is equal to

ϕ(h) =
g(h)θ exp(ν( f (wh, I)))

exp(ν( f (0, I)))+θ ∑
x∈D

g(x)exp(ν( f (wx, I)))
, (5)

where g(h) is the fraction of jobs with hours of work h that is available to the individual, θ is an
index that measures the size of the set of jobs that are available to the individual, and D is the total
set of available hours, which is assumed to be finite.

4.1.2 Data and estimation of the model

We assume that the deterministic part of the utility function can be represented by a Box-Cox
function,

logv(C,h) = α0
(C−C0)

α1 −1
α1

+β0
(h−h)β1 −1

β1
, (6)

where C0 represents the minimum or subsistence household-adjusted level of disposable income and
(h−h) is the maximum hours of work (total hours available minus sleep and rest). To account for
observed heterogeneity in preferences, β0 is allowed to depend on the individuals’ age and numbers
of children in different age groups. To account for observed heterogeneity in job opportunities, θ

is specified as a function of the individual’s education level. The function g(h) is assumed to be
gender-specific and constant apart from possible peaks at part-time and full-time hours of work, as
mentioned above. The model is estimated by the method of maximum likelihood, using samples
of cross-sectional data from the Labor force survey. The data contains information on household
incomes, wage rates, taxes, hours of work, schooling, as well as number and ages of children. The
model is specified and estimated for prime-aged (25–62 years old) wage earners, separately for
couples, single females and single males; see Thoresen and Vattø (2015), Dagsvik and Jia (2016),
and Rees, Thoresen, and Vattø (2023) for more details on estimation and estimation results.24

4.2 The labor supply microsimulation module – LOTTE-Arbeid
The “job choice” model is the core of LOTTE-Arbeid. LOTTE-Arbeid work in conjunction with
LOTTE-Skatt, in the sense that we transfer estimated parameters of the job choice model to the

23That is, P(η(z)≤ x) = exp[−exp(−x)].
24The model is intermittently re-estimated on new waves of the Labour force survey.
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much larger LOTTE-Skatt data sample. In so doing we make the assumption that individuals of
the LOTTE-Skatt data sample behave in the same way as those of the smaller sample used in the
econometric estimations of labor supply (the Labour force survey), as long as they have the same
observed characteristics. As the labor supply model is designed to provide simulation results for
prime-aged wage earners (25–62 years old), we set the labor supply effects of other groups at
zero. It is important to note that the model does not include behavioral responses for groups other
than prime-aged wage earners, which means that the responses of self-employed individuals are
neglected.25

Given the probabilistic nature of the labor supply model (following from the random utility
discrete choice framework), we obtain predicted probability distributions for the discrete set of
working hour alternatives for individuals, both pre- and post-reform. In particular, we calculate, for
any given individual, values of the deterministic part of the utility function for each working hour
alternative, using Equation (6), the estimated parameters and observed characteristics. The corre-
sponding probabilities ϕ(h) are obtained by using Equation (5). Based on a predicted probability
distribution for a discrete set of working hour alternatives, we obtain estimates of predicted hours of
work, taxes paid, pre-tax income and other variables of interest. Furthermore, differences between
probability distributions, pre- and post-reform, define labor supply effects of the tax change.

This procedure implies that we ignore the individual-level information on the unobserved error
terms η(z), as we are mainly interested in aggregate responses. An alternative method is to follow
Creedy and Kalb (2005) and Thoresen, Aasness, and Jia (2010) and assume that the unobserved
error terms are the same before and after the tax change.26

Table 4 presents our estimated labor supply elasticities with respect to the gross wage rate for
females and males in couples (both own elasticities and cross elasticities) and for male and female
singles, at both the extensive and the intensive margins (for females). In particular, the model pre-
dicts that females in couples are more responsive to wage changes than the other groups.27 This
is a general finding in the labor supply literature (Whalen and Reichling, 2017; Eckstein, Keane,
and Lifshitz, 2019; Keane, 2022), and the elasticity estimates are in line with other comparable
microsimulation studies; see e.g., Bargain, Orsini, and Peichl (2014), and de Boer and Jongen
(2023).28 Estimation results (not reported here) also show standard income response regularities,
with negative labor supply response to increased non-labor income, such as increased child ben-
efit.29 Note also that LOTTE-Arbeid has been extended to allow for state dependence in model
framework that describes the timing of labor supply responses, see Jia and Vattø (2021). Results
suggest that state dependence bring down the short-term (first-year) response to one-third of the full
effect, and the full effect is reached after about five years.

25A tax simulation model for the self-employed requires a different decision-making model – it is not straightforward
to extrapolate the wage earner model estimates to this group.

26A third method would be to make independent drawings (based on the distributional assumptions regarding error
terms), pre- and post-reform.

27Note that leisure is defined here simply as time spent not working in the market; thus it may include parental
childcare and other types of household work.

28Some studies report higher wage elasticity estimates than we find here; see for for example Keane (2022) for micro
evidence and Mertens and Montiel Olea (2018) and Zidar (2019) for macro studies.

29See Rees et al. (2023) for an analysis in which LOTTE-Arbeid is used to discuss child benefit design.
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Table 4: Simulated labor supply elasticities with respect to the wage rate for individuals, singles
and in couples, 2014

Female Male Female Male
own wage own wage cross wage cross wage

Individuals in couple
Participation (ext. margin) 0.135 - -0.048 -
Hours cond. on working (int. margin) 0.197 0.095 -0.043 -0.009
Total elasticity 0.332 0.095 -0.091 -0.009

Single individuals
Participation (ext. margin) 0.012 -
Hours cond. on working (int. margin) 0.057 0.009
Total elasticity 0.069 0.009

Notes: The elasticities reflect the simulated percentage change (average across individuals) in the probabil-
ity of participation (extensive margin) and working hours conditional on working (intensive margin) when
the hourly wage rate is increased by one percent for all wage earners. Note that due to high male participa-
tion rates, we do not estimate extensive margin responses for males.

As a LOTTE-Arbeid simulation is both more complicated and time-consuming than a conven-
tional LOTTE-Skatt simulation, the use of LOTTE-Arbeid in the Norwegian tax decision-making
process is more limited. However, it is used to predict labor supply, revenue, and distributional ef-
fects of major reforms. An important output from the model is the information reported in Table 5,
providing a rule of thumb for the degree of self-financing for a selection of tax changes. The ratio of
self-financing is the ratio between the counteracting effect on revenue of labor supply adjustments
due to a tax decrease and the estimated initial non-behavioral (or mechanical) revenue effect.30 This
table is produced each year and presented in government reports, such as in Finansdepartementet
(2023).31

Table 5: Estimates of self-financing ratios for a number of changes in rates, thresholds, allowances,
and deductions, 2023. Percent

Tax change Self-financing ratio, pct
Reduced rate bracket tax, bracket 3 10
Increased threshold bracket tax, bracket 3 9
Reduced rate ordinary income 6
Reduced rate social insurance tax 5
Reduced rate bracket tax, bracket 2 4
Increased threshold bracket tax, bracket 2 2
Increased threshold for max. deduction in minimum stand. deduction 1
Reduced rate bracket tax, bracket 1 0
Increased threshold bracket tax, bracket 1 0
Increased personal allowance 0
Increased rate minimum standard deduction -16

Notes: For a tax decrease, the self-financing ratio is the ratio between the effect on revenue due to labor
supply adjustments and the initial static (or mechanical) revenue effect estimate (standard tax-benefit model
calculation). Source: Finansdepartementet (2023).

30See the discussion of such measures in Section 3.5.2. Furthermore, we return to a presentation of results from a
journal article discussing such estimates in Section 5.3.

31The estimate of the self-financing due to increased deduction rate of the minimum deduction stands out with a
negative sign in Table 5. This follows from a negative behavioral revenue effect, as this change makes it more attractive
to work fewer hours.
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4.3 Validation of the labor supply model against estimates of the ETI litera-
ture

A key question in labor supply microsimulation is the extent to which the labor supply model
provides valid results. It is fair to say that implausible structural estimates of taxes on labor supply
have contributed to concern about the ability of structural models to generate robust predictions
about the effects of policy change (Heckman and Urzua, 2010; Imbens, 2010). In this perspective,
results from (so-called) natural experiments serve as useful information sources for validation of
prediction models (Blundell, 2006; Keane, 2010). Here, we demonstrate how simulation results
from models like LOTTE-Arbeid can be tested against estimates of the ETI literature. The following
is based on Thoresen and Vattø (2015).32

Some of the best examples of the strength of the structural discrete choice tool for economic
planning, such as McFadden’s predictions regarding the use of a new train system in the San Fran-
cisco area (BART) (McFadden, Talvitie, Cosslett, Hasan, Johnson, Reid, and Train, 1977) and the
prediction model developed by Todd and Wolpin (2006) through the PROGRESA project, have ac-
quired their status through careful out-of-sample validations. This highlights that model validation
is important and in the following we show how a validation can be done by obtaining estimates of
the net-of-tax rate elasticity from a labor supply model simulation on working hours.33

As already denoted, the random utility framework of the discrete choice model involves gener-
ating a probability distribution for different working time options. In contrast, response estimates of
the ETI literature are derived by marginal optimization, where response estimates reflect (somewhat
simplified) the average responses of the “treated”, compared to “the less or not treated”. In order
to obtain comparable figures, we therefore let the results of labor supply model simulations enter
into a regression similar to that seen in the ETI literature, using the Norwegian tax reform of 2006
as a “natural experiment”. First, we use LOTTE-Arbeid to simulate the pre-reform and post-reform
working hours for four groups of wage earners, the same groups as in Table 4. Then these results
are converted into measures of growth in (simulated) working hours. In the replication of the ETI
econometric framework, the variable for the change in the net-of-tax rate is derived from predicted
income levels (hourly wage rate multiplied by predicted hours), and instrumented using similar
methods to those of the ETI literature, i.e., the change in the net-of-tax rate for constant (predicted)
pre-reform labor income.

Table 6: Average weekly hours of work, pre- and post-reform, derived from a simulation employing
a labor supply model. Standard errors in parentheses

Pre-reform Post-reform
working hours working hours Difference, %

Single females 35.20 (0.321) 35.27 (0.322) 0.18
Single males 38.95 (0.039) 38.97 (0.040) 0.04
Females in couple 32.13 (0.068) 32.25 (0.068) 0.36
Males in couple 38.60 (0.013) 38.64 (0.014) 0.11

Notes: Standard errors are obtained by non-parametric bootstrapping, 30 repetitions. Source: Thoresen and
Vattø (2015).

In Table 7, estimates from the labor supply simulations are compared with the results of a
standard ETI evaluation of the reform. We see that the panel data ETI figures for working hours

32In Thoresen and Vattø (2015) the ETI literature is referred to as the “new tax responsiveness literature”.
33This is close to Hansen and Liu (2015), who use a regression discontinuity approach to discuss the performance of

a discrete choice model of labor supply and welfare participation for single Canadian men. They find model prediction
results that are close to the regression discontinuity estimates.
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are close to those obtained from the model simulations. In fact, there are no significant differences
between the overall average estimates (for working hours); see the last row of Table 7. Furthermore,
estimates (for all four groups) are found to be in the range 0.02–0.06. A difference of 0.04, which is
the maximum difference (between results of the two methods) observed for working hours in Table
7 (single males), must be described as modest, both compared to the variation in elasticity estimates
in the literature (see for example the review in Blundell and MaCurdy (1999)), and from a policy
prediction perspective. Thus, it is claimed that the model performs well according to this validation.
Of course, this does not mean that the simulation model is approved – it only means that the model
has not been rejected by the present test, according to our judgment. It should also be noted that the
ETI might potentially capture a broader set of responses, such as the effect of effort (wages), which
is exogenous (fixed) in the standard labor supply model.34

Table 7: Comparison of net-of-tax rate elasticity estimates obtained from labor supply model simu-
lations and the ETI approach for working hours and earned income. Standard errors in parentheses

Discrete choice labor supply Panel data information
simulations, working hours Working hours Earned income

Single females 0.018 (0.0005) 0.032 (0.0037) 0.020 (0.0051)
Single males 0.062 (0.0027) 0.023 (0.0055) 0.039 (0.0054)
Females in couple 0.026 (0.0001) 0.051 (0.0046) 0.031 (0.0045)
Males in couple 0.015 (0.0005) 0.016 (0.0059) 0.053 (0.0034)

Weighted average 0.026 (0.0012) 0.028 (0.0053) 0.041 (0.0043)

Notes: The weighted averages are calculated by accounting for the number of observations in each group.
Standard errors are obtained by using the delta method. Source: Thoresen and Vattø (2015).

5 LOTTE-Konsum

5.1 Model design
The purpose of LOTTE-Konsum is to simulate the direct (non-behavioral) distributional effects of
changes in commodity taxation. For the same household population as in LOTTE-Skatt, the model
contains a procedure for imputing consumption expenditure. A household-specific price index is
used to represent the distributional effects of a tax change.

As there is no observed consumption data in LOTTE-Konsum, consumption is imputed from
micro econometric estimates of Engel functions and macro consumption data. Micro econometric
estimates are based on the Consumer expenditure survey (Holmøy and Lillegård, 2014), and macro
consumption is constructed by combining data from the national accounts (Bougroug, 2021) with
forecasts from the macro model KVARTS (Boug et al., 2023). The first step of this procedure is to
establish estimates of total expenditure for each household in the LOTTE-Skatt population. As our
point of departure we assume that household h has the consumption function,

ch = mh +ρ(yh −mh), (7)

where ch is total consumption expenditure, mh is the minimum consumption level, yh is disposable
household income, and ρ is the (common) marginal propensity to consume. By summing across

34Allowing the wage rate to be determined partly by the effort and job choice decision of the individual is a challeng-
ing extension of the standard labor supply model. Creedy and Duncan (2005) and Peichl and Siegloch (2012) account
for “general equilibrium” effects of wages in simulations.
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households, we can derive the same expression in macro terms

C = M+ρ(Y −M), (8)

where C = ∑h ch, M = ∑h mh, and Y = ∑h yh. Given that we set minimum consumption levels
and specify how they depend on the composition of household, we can calibrate the ρ parameter
from the aggregate disposable income and aggregate expenditure in the economy. This enables us to
impute the total consumption in each household. Note that the marginal propensity to consume (and
save), ρ , is constant. However, as there are minimum consumption levels, low-income households
save less of their income than high-income households.

The next step is to distribute the total consumption of each household into different consumer
goods. We start with the following Engel function for each good, j,

ch j = mh j +ζ j(yh −mh), (9)

where ch j and mh j are the consumption and minimum consumption, respectively, of good j, whereas
ζ j is the marginal budget share.35 We assume that the minimum consumption of goods depends
linearly on the number of children (a1h) and adults (a2h),

mh j = m0 j +m1 ja1h +m2 ja2h. (10)

Hence, we have an Engel function with demographic variables. By summing across households we
get

C j = M j +ζ j(Y −M), (11)

where C j =∑h ch j, M j =∑h mh j. Given that we have information on macro budget shares, the Engel
elasticities and the effects of adults and children on demand, we can calibrate the parameter m0 j and
assign expenditure per household for each good.36

A well-known problem when imputing consumption for low-income households is that some
goods end up with negative consumption (Decoster, Loughrey, O’Donoghue, and Verwerft, 2011).
For these households, we proceed by setting consumption equal to zero for goods with negative
consumption. However, this means that we end up with too high total expenditure for the household.
We use an iterative procedure to adjust for this until total household expenditure is back at the initial
level. Although we end up with many corner solutions, this ensures that the aggregate household
expenditure for different goods in the economy is exactly equal to the macro data estimates.

Furthermore, it should be noted that the imputation of consumption implies that households
have homogeneous preferences, given their income and the number of children and adults in the
household. For example, this means that alcohol consumption is determined only by income level
and household composition, and thus do not vary by other differences in preferences.37

Estimates of the distributional effects of a tax policy change are obtained by assigning to each
household a household-specific price index. In practice, this means that based on the imputed
budget shares, the Laspeyres formula is used to compute a household-specific price index for each
household. The household-specific price index provides a good approximation of a “true cost of
living index” for small price changes from the baseline situation for each household. Thus, the
effects of a change in a commodity tax (or a commodity price) on the standard of living of each

35The sum of the marginal budget shares over all goods is equal to one.
36Note that ζ j can be calibrated by realizing that ζ j = E jψ j, where E j is the Engel elasticity and ψi the budget share

of good j. In the same manner we can define adult and child elasticities (person elasticities), i.e., how the demand
depends on number of children and adults, and calibrate m1 j and m2 j (Aasness and Holtsmark, 1993).

37Since we do not model non-observable differences in preferences, nobody will choose to be, for example, abstainers
or non-smokers. The only reason for observing zero consumption of a particular good for a particular household is low
income.

22



household, and each individual belonging to the household, is defined as total expenditure (possibly
adjusted for economies of scale) divided by the household’s price index. Finally, it is worth noting
that this approach makes it possible to consider the distributional effects of changes in direct and
indirect taxation simultaneously.

A key advantage of the model concept is that it combines several sources of data, both micro
and macro. Consumer expenditure surveys are often associated with substantial uncertainty, as sam-
ples are often small and contaminated with non-response bias. Also, consumption of more sensitive
goods, such as tobacco and alcohol, is probably under-reported (Browning, Crossley, and Winter,
2014; Crossley and Winter, 2015). Rather than using observed data directly from a consumer ex-
penditure survey, LOTTE-Konsum is employed to establish underlying stable patterns or trends by
means of microeconometric studies, as reflected by Engel elasticity estimates. Moreover, since we
use macro data to calibrate, the model results match macro estimates of consumption expenditure.
All this ensures stability over time, which is an important quality of a model used on an annual basis
by policy-makers.

There are currently 30 consumer goods in the model, but this is easily changed, given the
specific policy question and availability of econometric estimates.38 This makes the model flexible,
which is a clear advantage for policy-makers with a shifting focus on different commodity taxes.

5.2 Output in the decision-making process
In tables 8 and 9 we provide examples of LOTTE-Konsum output delivered to the Ministry of
Finance. Such information is provided prior to the budget process, updated annually based on new
versions of the model. Recall that there is no tax revenue model in LOTTE-Konsum – obtaining
estimates of revenue effects of tax changes are done by the Ministry of Finance (with other tools).

Table 8 shows the imputed total expenditure in 2023 for different households and for a selection
of goods: food, wine, electricity, clothes and air travel. Whereas electricity and wine consumption
for single-member households is only about half that of large households, clothes consumption by
large households is about five times as high as in single-member households. In other words, when
this information is used in policy-making, it becomes clear that increasing the tax rates on wine
and electricity, for example, will negatively affect single-member households relatively more than
a higher tax on clothes.

Table 8: Consumption expenditure of different household types, five commodities (NOK in 2023)

Household type Food Wine Electricity Clothes
Air
travel

Singles 31,436 3,515 15,665 12,798 3,439
Couples 57,335 7,771 24,551 34,294 9,564
Couples with one child 66,942 7,478 26,881 41,835 9,862
Couples with two children 78,713 7,671 30,003 50,763 10,084
Couples, > two children 90,425 6,475 32,213 55,961 10,084
Others 66,045 6,755 26,101 36,970 8,966
All
households

51,617 5,736 21,986 28,465 7,035

Notes: Average household expenditure for different household types and consumer goods in 2023,
obtained by the model LOTTE-Konsum. Children defined as individuals less than 18 years of age.

In Table 9 we go one step further and use price indices to assess the distributional effects of
changes in the tax rate, corresponding to an increase in the tax burden by NOK 100 per person

38We need to have the macro consumption level (from national account data) for the good and an estimate of the
associated Engel and person elasticities, see above.
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on average in 2023. This implies that we change the price of, for example, food such that the real
consumption expenditure, defined here as the total consumption expenditure per household member
divided by a household specific price index, increases by NOK 100 per person on average. Then we
rank all individuals according to their total expenditure, and report the increased tax burden for each
decile. We exemplify by use of the same commodities as in Table 8: food, wine, electricity, clothes
and air travel, of which distributional patterns differ dependent on budget shares across deciles.
Table 9 shows that two necessity goods stand out: food and electricity: the tax burden is much more
evenly distributed for these goods than for air travel or wine, while clothes is somewhere in the
middle.

Table 9: Distribution of tax burden increase for five goods, tax burden increased by NOK 100 on
average on each good

Decile Food Wine Electricity Clothes Air travel
1 68 7 64 31 9
2 79 31 73 56 34
3 85 49 81 67 51
4 90 62 86 75 64
5 94 75 91 84 76
6 99 89 97 93 90
7 105 107 105 104 107
8 112 130 114 119 128
9 121 163 127 141 159
10 148 287 163 231 281
All 100 100 100 100 100

Notes: All individuals are ranked according to total household expenditure divided by the number
of household members in 2023. Change in tax burden is measured as change in real expenditure per
household member due to a price increase on a specific good, where real expenditure is defined as
total household expenditure divided by a household-specific price index. We change the tax burden
for each good by NOK 100 on average by the use of the model LOTTE-Konsum.

5.3 Self-financing of tax-cuts: LOTTE-Konsum in conjunction with the two
other models

We now return to a discussion of self-financing of tax cuts (recall the discussions in Section 3.5.2
and Section 4.2), using all three models of the LOTTE system (LOTTE-Skatt, LOTTE-Arbeid, and
LOTTE-Konsum). The following is based on Thoresen et al. (2010).39

Overall offsetting effects are calculated for the tax cuts brought about by the Norwegian tax
reform of 2006: direct (non-behavioral) effects on tax revenue are compared with revenue effects
that controls for effects both through labor supply adjustments and increased commodity taxation.
LOTTE-Skatt is used to simulate the direct tax revenue effects of the cuts on personal income tax
from 2004 to 2006. LOTTE-Arbeid is used to include the behavioral effects due to increased labor
supply and LOTTE-Konsum is used to calculate commodity tax revenue contributions.40

The overall offsetting effect is defined as the ratio between the sum of the various offsetting
effects and the initial mechanical or direct revenue effect estimate (standard tax-benefit model cal-
culation), where the counteracting effects are: (1) effect of labor supply adjustments on revenue
from the personal income tax, (2) effect of labor supply adjustments on payroll tax revenue, (3)

39Whereas the discussion in the U.S., for example, has primarily been on the long-term self-financing effects of tax
changes (dynamic scoring), Thoresen et al. (2010) focuses on short-term estimates of self-financing.

40Note that although LOTTE-Konsum is not used for calculating the effects on tax revenue of tax changes in the
Norwegian budget process, we employ the model for revenue calculation here.
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mechanical effect on the commodity tax revenue due to the increased consumption made possible
by higher disposable income (before labor supply effects), and (4) increase in revenue due to the
increased consumption associated with the increased labor supply.

The effects are summarized in Table 10. The offsetting effects are calculated for different as-
sumptions about labor supply responses and marginal propensity to consume (MPC).41 If we focus
on the benchmark case, with MPC equal to 0.7 and the middle labor supply response estimate,
we observe that the offsetting effect due to labor supply response is 0.34, meaning that the initial
static revenue loss of the tax reform is reduced by 34 percent because of increased labor supply.
Furthermore, the labor supply adjustments imply that payroll tax revenue increases, resulting in an
offsetting effect of 12 percent. The direct effect of reduced income tax on revenue from indirect
taxes reduces the revenue costs by 12 percent, whereas the additional effect on consumption of in-
creased labor supply reduces the costs by 6 percent. Overall, the authors find that, in the benchmark
case, the initial loss of tax revenue is reduced by 64 percent by taking these additional effects into
account.42

Table 10: Summary of revenue-offsetting effects, tax cuts brought about by the Norwegian tax
reform of 2006

Labor supply
responses

MPC

Personal
income
tax, labor
supply

Direct
effect,
com-
modity
tax

Com-
modity
tax, labor
supply

Payroll
tax, labor
supply

Overall
offset-
ting
effect

0.5 0.27 0.09 0.04 0.09 0.48
Low response 0.7 0.27 0.12 0.05 0.09 0.53

0.9 0.27 0.15 0.06 0.09 0.58
0.5 0.34 0.09 0.05 0.12 0.59

Benchmark: 0.7 0.34 0.12 0.06 0.12 0.64
middle response 0.9 0.34 0.15 0.08 0.12 0.70

0.5 0.39 0.09 0.05 0.13 0.65
High response 0.7 0.39 0.12 0.07 0.13 0.70

0.9 0.39 0.15 0.09 0.13 0.76
Note: Results are shown for three assumptions about labor supply effects (low, middle, and high) and for
three assumptions about the marginal propensity to consume, MPC (0.5, 0.7, and 0.9). The overall offsetting
revenue effect reflects contributions from labor supply alone, increased commodity taxation attributable to
increased disposable income, and increased commodity and payroll tax due to labor supply adjustments.
Source: Thoresen et al. (2010).

6 Concluding remarks
The microsimulation models of the LOTTE system consist of a non-behavioral tax-benefit model
for personal income tax, LOTTE-Skatt, a labor supply model, LOTTE-Arbeid, and a model for
describing the distributional effects of commodity taxation, LOTTE-Konsum. In addition to de-
scribing their design, we have emphasized how the models have been used in work directed towards
a broader international audience through publication in academic journals.

41Low-response and high-response alternatives are obtained by using bootstrap techniques to construct confidence
intervals for the model parameters. Whereas the main response alternative gives a labor supply offsetting effect of 34
percent, the two alternative response estimates result in offsetting effects of 27 percent (low) and 39 percent (high).

42It should be noted that these estimates are obtained from a previous estimation of LOTTE-Arbeid, generating higher
responses than seen in estimations with newer data.
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As of today (2023), the LOTTE model system is programmed using SAS. We are now plan-
ning a comprehensive revision of the microsimulation system encompassing enhancements in data
input management, tax scheme parameter handling, tax simulation programming, and the subse-
quent analysis of simulation outcomes. The aim is to cultivate efficient programming and database
systems, with an emphasis on creating a user-friendly model simulation framework. Moreover, we
aspire to enrich and expand the model system by developing novel simulation components in the
future.
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