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1 Introduction
In this paper we develop an agent-based incometagion model that allows for simulating large
populations of heterogeneous agents. Heterogerafitys not only to individually different income
levels and risk preferences, but also to four biemaly different agent types of which one typarns
line with Allingham and Sandmo (1972). Among ottténgs, a novel aspect of our model consists of
using an exponential utility function for specifgithe expected utility of the Allingham and Sandmo
type. Our results show that this specification dgefar more realistic behavior patterns for such ta
payers than specifications based on Cobb-Dougikty fiinctions. Moreover, the specification allows
us to incorporate lapse of time effects on tax iewvasvhich constitutes another novel aspect of our
model.

The remainder of this paper is organized as folldwghe next section we briefly discuss agent-
based tax evasion models. In section three wedat® our model. Simulation scenarios and results

are presented in section four. The last sectiolades.

2 Background

Agent-based models are gaining some populariticomemics since the 1990s (Tesfatsion and Judd
2006). However, the first agent-based tax evasiodeis did not appear before the 2000s. This
notwithstanding, we already observe two ratheirdisdevelopments in the literature.

First, there are a number of agent-based tax avasarels designed by economists, for example,
Mittone and Patelli (2000), Davis et al. (2003),r&lmow et al. (2007) and Bloomquist (2004, 2009),
of which some are summarized and compared by Blost(006). In addition, a second branch has
emerged from a new research area of physics, wisichalled econophysics or sociophysics.
Overviews are provided by Schulz (2003) and Kulaskivand Nawojczyk (2008). Tax evasion papers
falling into this latter domain have generated samteresting results. For example, Zaklan et al.
(2008: 5858) find that even very small levels ofoecement are sufficient to establish almost fak t
compliance and Zaklan et al. (2009: 12) conclua@e tbgardless of how strong group influence may

be, enforcement always works to enhance tax congwia



In general, agent-based tax evasion models thiainfal the econophysics domain, for example,
papers by Zaklan et al. (2009, 2008), Lima (2008@na and Zaklan (2008), all rest on a model of
ferromagnetism. The latter was originally developgdhe German physicist Ernst Ising in 1925 and
Brush (1967) extended and generalized the Isingeinedhich is today a standard model in statistical
mechanics. In agent-based tax evasion models oétbaophysics type the Ising model is used to
mimic conditional cooperation among agents (Zaldaal. 2009). Yet, the actual patterns and levels
of tax evasion in these models depend on two adaitifactors: the network structure of society and
the tax enforcement mechanism. The network stredtuimplemented by alternative lattice types and
tax enforcement consists of the two economic stahplarameters audit probability and penalty rate.

Since the latter two factors are common for eveggnérbased tax evasion model (Bloomquist
2006), it follows that the role of the Ising modelthe essential factor that makes agent-based tax
evasion models of econophysics type different frilrose designed by economists. It must be
emphasized, however, that the role of the Isingehgdes much beyond that of providing a basis for
conditional cooperation. In fact, the Ising moaeImore precisely, the role of temperature in gieg
model, is a driving force for the results obtainfedm these models. The value of temperature
essentially determines to which degree agentsdekisions more or less autonomously. For very low
temperatures agents hardly decide autonomouslycdqy the behavior of others in their relevant
social network or group. Furthermore, there exstgitical temperature that is important for regime
switches, i.e., switches in the order of the wheyystem. To put this differently, the exogenously
determined variable ‘temperature’ influences alkratg of society simultaneously. Does such a
variable really exist in real human societies ahdp, can we give an economic interpretation @ th
process? Apparently, up to now there is no conmgpcexplanation or re-interpretation of
‘temperature’ in economic and social systems (SCR0D3).

Therefore, in this paper we refrain from using siag model. Rather, we develop an agent-based
model that is based on a simple lattice structme rale based type interaction in a population of

heterogeneous agents.



3 The Model

In this section we begin with a brief overview retiag some general aspects of the model design.
The following subsection deals with a detailed desion of the behavioral types and their decision
rules. On the technical side the model is set upIATLAB (version 7.8.0. R2009a) and codes are

available upon request.

31 Mode Design

In both agent-based tax evasion models designestdayomists (Bloomquist 2006) and in theoretical
approaches to tax evasion (Prinz 2010) it becomm® rand more popular to consider behaviorally
different types of agents to capture more realistiages of real societies. We follow this route and
consider four behavioral types. In particulanaximizing a-type agentaho show an expected utility
maximizing behavior in line with the Allingham as&ndmo (1972) modelimitating b-type agents
who copy successful tax evasion behavior, if thegeove it within their social networkethical c-
type agentswho always declare their true income due to éerbeehavioral norms such as Kantian
behavior, patriotism and the like, and finalkandom d-type ageritsvho wish to declare their true
income but may make mistakes within a neighborharodnd their true income, for example, because
of the complexities of tax law. We assume that agygre shares are priori given and in principle
constant over all periods, but the initial disttibn of these type shares can be freely selecteal as
parameter of the model.

The number of agents and the number of tax relevant periddare also parameters of the model.
According to Bloomquist (2006) and Zaklan et aD(2), agent-based tax evasion models designed by
economists usually deal with a range of just 1,@@®nts, whereas models falling into the
econophysics domain use about 1,000,000 or monetsag@ur model runs with 150,000 agents and
we consider 40 tax relevant periods (tax yearsjabse such a time span may well represent the
average for which agents may have to pay taxesanré¢al world. The lattice structure which we
assume is of a simple ring world type (see Epsdeth Axtell 1996). Essentially, this means that the
agent population is represented by a row vectot5ff,000 agents, where each agent has a certain

visibility into one direction. For example, eacleagmay observe the behavior of one (four, eight, ...



of his/her neighbor(s) to the left. The row veatan be interpreted as a ring world, if the firstrigon

the left hand side of the row vector can obsereebshavior of the last agent on the right hand side
the row vector. Each agent is endowed with arviddal taxable incom&V, which may differ among
agents, and has to declare in every tax relevamgan incomeX to the tax authorities, which is the
decision variable. Agents are faced with threegaasion relevant parameters, which are well known
from Allingham and Sandmo (1972), in particulag tiax rate on declared incorfiethe tax rate on
undeclared income and the objective audit probabilipy In addition, we introduce a new parameter,
which is the tax law complexity parameterwhere higher values indicate a more complex &ax |

All four parameters are directly or indirectly $8t the government via the tax authorities. Thersfor
to simulate tax policy changes, these four parameatey change only after an election year, say

every fourth year, but are constant in all otherqoks (see Table 1).

3.2 Behavioral Types

Maximizing a-type agentsFollowing Allingham and Sandmo (1972) again, wssuame that
maximizing a-types are risk-adverse and, therefoa®e a concave utility function. In particular, we
specify the utility functionU of thei-th a-type as an exponential function (Kirkwood 200wnhich

implies a constant absolute risk aversion (CARA),

Ui (ATPl ) =1-¢ i (ATPI), (1)

with i = 1, ..., N. In (1) ATPI denotes the after tax and penalty net income &ndenotes an
individual, randomly allotted risk parameter, whishuniformly distributed on the interval [0; 1],
whereA = 0 indicates a preference for risk-neutrality ahd 1 indicates a high preference for risk-
aversion. Thus, a-type agents are heterogeneolsegipect to their risk preferences. As noted, tsgen
declare in every tax relevant period an incofnt the tax authorities. If they are not detectesyth

retain an after tax and penalty net income accgrtiir(2),

ATPL=W,- 60X, (2



However, if they are subject to an audit, the tatharities learn their true incom#&, and, therefore,

their extent of tax evasion. In this case the aftgerand penalty net income is determined accortting

3),
ATPL = W, - 0X; - 7(W-X). (3)

To simplify notation, in the following we refrairdm using the index, unless where strictly
necessary. By definition we havke< z and, thus, the excess ofover § essentially represents a
penalty for tax evasion. Moreover, we distinguigitween an objective audit probabiliy which is
determined by the government and a subjective gowibability ps, which is relevant for the
individual decision of the agent. Typically we as®up = ps, but if an audit has taken place and a
penalty was due, we assume instead that maximiaitgpe agents disregard the objective audit
probability p in some following periods. In particular, they mibeir subjective audit probability g
= 1 in the first period after the audit and then gadly decrease their subjective audit probability i
each of the following periods by using their updgtparametet = -0.20 until the objective audit
probabilityp is reached again, with=ps.

Thus, in line with Allingham and Sandmo (1972)yp& agents maximize their expected utility

according to (4),
EUW,X)=(1- ps)[ﬁl— e‘“@""é’x)) +Ps [ﬁl_ e Al -6x —ﬂE(W-X))), @)

By taking the first order derivative with respéatX and by taking the two constrains mentioned by
Allingham and Sandmo (1972, eq. 5 and 6) into astowe obtain the necessary and sufficient

condition for an inner solution, given our spedifion,

¢ <p <f (5)
g+(-o+m™ T




The inner solution is obtained by setting the finster derivative equal to zero and rearranging,

L b))

AT

(6)

According to (5) a-types declare their full incorte= W, if z-p;> 6 holds, they declare no income at
all, X = 0, if ps falls below the lower limit of the interval and thdeclare part of their income %
falls into the interval, that is, they declafeaccording to (6). However, the upper limit of theerval

is generally determined ®yandz and holds for every a-type agent alike, whereaddtver limit of
the interval depends also @viand A, which we have both individualized. Therefore, liregth of the
interval in (5) may differ for every a-type ageRtr example, assume that we h@e 0.2,z = 0.3
and that there are two agents 1, 2, withA; = 0.05,W; = 10 and}, = 0.5,W, = 50. Agent 1 has a low
preference for risk-aversion and a low income aisdiriterval according to (5) is: 0.63ps < 0.67,
whereas agent 2 has both a higher preferencesteaxiersion and a higher income, so that his iaterv
amounts to: 0.0011 s < 0.67. Hence, agent 2 will declare part of hisme even for very low audit
probabilities of less than one percent. In facthstather long intervals result from our specificatof
the utility function and help to make the model eozalistic.

Imitating b-type agentsThey have a visibility parametey which indicates the size of their social
network, that is, the number of agents they obsafle assume a social network sizevof 4, as in
Zaklan et al. (2009: 4). Agents confine in all agathat belong to their social network and, themsfo
the extent of tax evasion is known within each alooetwork. Thus, in periotl imitating b-type
agents declare the mean of the voluntarily declaredme,X;;, observed within their social network

during the previous tax peridel, witht= 2, ..., T, which is calculated by,

1 't X
Xig== > W{ Wit (7
Viisizy Wit-1




Note, however, that b-types declageg according to (7) only if tax evasion was on averagccessful
within the social network they observe. That igytfirst check whether or not the following conaliti

is fulfilled,

4 ATPI
Iy 2 i g, (8)
Vigw Wi

If condition (8) does not hold, imitating b-typgemts use their default option and declare thag tr
income or, in other words, mutate to a c-type. antif b-type agents are audited and a penalty is
due, they also mutate to a c-type and declare therincome for a limited number of tax periads
and in each simulation we have get 4. Thereafter, they return to their imitatinghlavior and may
again evade taxes. Hence, if a-type or b-type adaaie been found guilty of tax evasion both types
may refrain from tax evasion for some periods. &types this period is endogenously determined by
(5) andd. In contrast, it is exogenously determined foyes by, as in Zaklan et al. (2008). Also,
the behavior pattern as such may be explained pghptogical reasons (see Kirchler 2007 for an
overview) or by ethical concerns.

Ethical c-type agentsThey are motivated by some ethical behavioralmsoand, therefore,
declare their true incomé = W irrespectively of the consequences and never ehting decision in
any period of the model.

Random d-type agentt principle, like c-type agents, d-type agenishmo declare their true
income, but are faced with a complexity parametevhich indicates the complexities of the tax law.
Given these complexities, random d-type agents make unintended mistakes with respect to
declaring their true income and, therefore, thasilee variableX is assumed to be normal distributed
with expectationu = W and standard deviatioor = y - W Hence, random d-types may declare less
than their true income or more, but on average tleeyare their true income correctly. Note, however

that imitating b-types may copy d-type behaviomanticular, if the d-types accidently evade taxes.



4 Simulation scenarios

In the following we describe the simulation sceosivhich we run and present some results. In each
simulation, we consider a fixed b-type share opdkent and a fixed d-type share of 15 percent. The
d-type share is to some extent in line with Andreziral. (1998), who claim that about seven percent
of U.S. households overpaid their taxes in 1988. $tmplicity, we assume that about the same
percentage share has accidently underpaid the@staxhich gives the d-type share of about 15
percent. Furthermore, the a-type share is raisestdps of ten percentage points from zero to 50
percent at the expense of the c-type sharevanedversa This gives six different type distributions
ranging from zero percent a-types and 50 perceppes to 50 percent a-types and zero percent c-
types, each with fixed shares of b-types (35 peycemd d-types (15 percent). We run each of these
six type distributions a 100 times and with the sgrarameter set, because this procedure allows us t

assess the impact of ethical behavior on tax emasiderceteris paribusconditions.

4.1 First Scenario

In each run of this scenario taxable incawiés uniformly distributed on the integer intervat [LO0O],
randomly allotted in the first period and then hefwhstant with respect to all future periods. To
simulate changes in tax policies of the governnuerterceteris paribusonditions we allow for just
one parameter change every fourth period. The aateparameter set is given in Table 1, where

changes are denoted in bold.

Table 1: Governmental Tax Policy Changes

Period 1 5 9 13 17 21 25 29 33 37 4D

Auditprob. p 001 0.03 0.03 0.03 0.03 0.030.04 0.05 005 0.05 0.0

Taxrate 6 020 0.20 0.20 0.30 0.30 040 040 0.40 0.40 0.30 0.30
Penaltyrate # 0.30 0.30 0.45 045 045 045 045 045050 0.50 0.50
Complexity y 0.10 0.10 0.10 0.10 0.20 0.20 0.20 0.20 0.20 0.20 0.40

Note: Period denotes the period in which a charedees place, which is every fourth period and after

an election. The changing parameter is denotecld.lAll figures are denoted in percent.
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The parameter set shown in Table 1 may be intexgras reflecting either different governments or
policy changes of the ruling government. The sehigracterized by comparatively low values for all
four parameters during the first four tax periotts.the following eight periods (5 to 12) the
government tries to fight tax evasion by raising #udit probability and the tax rate on undeclared
income. However, in periods 13 to 24 the governmehbnly raises tax rates on declared income, but
also the complexity of the tax system. During tbkofving twelve periods (25 to 36) the government
again tries to actively fight tax evasion by ragsthe audit probability and the tax rate on undeda
income. Finally, during the last four tax perio®@3 o 40) the government eventually fights income
tax evasion by lowering the tax rate on declarednme.

Moreover, in periods ten and 27, we audit an aolakti ten percent of a-type and b-type agents to
simulate an exogenous shock. For example, thattakeauthorities receive a CD-ROM with
incriminating, personalized bank information, which tax evasion relevant. Essentially, such a
scenario resembles the 2008 Liechtenstein or ti® Bwiss CD tax affairs in Germany. Figure 1
shows the voluntary mean tax rades X, /2 W, based on 100 runs, each with 150,000 agents,A@ver
tax periods (years) for six different type disttibus.

In Figure 1, the first line from above represetis voluntary mean tax rate for type distribution:
a= 0%, b=35%, c=50% d=15%. This line may be used as a benchmark becheszit almost no tax
evasion since all types declare their full incontbes directly or on average, so that the voluntary
mean tax rate coincides with the official tax ratedeclared income). However, in period 17 the
change of tax complexity parameiefsee Table 1) leads to a very slight knick, duartimtended tax
evasion of random d-type agents and some b-typtation of this behavior. In contrast, the five
remaining lines all represent some extent of taasmn, which is measured as the vertical difference
between these lines and the benchmark. Thus, shéirla from above, representing type distribution:
a=50%, b=35% c=0%, d=15%, shows the highest extent of tax evasion.

This result clearly indicates that ethically motae behavior is an effective tool for fighting tax
evasion. Ethical education and related means dsaif tax law compliance should, therefore, play a

more prominent role in the debate on fighting teasgon.
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Figure 1: Voluntary Mean Tax Rate of Scenario 1
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Note: Seen from above the six lines denote the masamrate due to voluntary tax declaratiortsX X
/2 W), subject to the relevant type distribution ané trevailing parameter set. Parameter values
controlled by the government are provided in Tahléll remaining parameter values are fixed for
the 40 tax periods and assume the following valaggpe subjective audit probability updatitg -

0.20,b-type visibilityv = 4, b-type mutation period= 4.

Moreover, inspection of Figure 1 also allows fosessing the effectiveness of governmental tax
policies described in Table 1, subject to the ulydey model features. For simplicity, however, et
following we just consider the last line from abpwehere tax evasion is highest. To begin with,
consider period one. Here tax evasion amounts twtaf(20-13.5)/20=) 32.5 percent, which is
calculated from @100-VMTR-100))/ 6-:100=), where VMTR denotes voluntary mean tax rae a
displayed in Figure 1. The extent of tax evasion lba explained on the one hand because a-types,
who represent 50 percent of the population, dectétreer part of their income or nothing at all, as
demonstrated in section 3.2, and, on the other ,hbadause b-types use their default option and
declare their full income whereas d-types declaed full income on average.

In period two, the extent of tax evasion is driv®ntwo effects that have an opposite influence.

First, b-types begin to imitate successful tax mrabehavior shown by a-types in period one, which



12

leads to more tax evasion. Second, those a-typeswdte audited in the first period and paid a
penalty now update their subjective audit probgbilo ps = 1. Therefore, they declare their true
income in period two. Inspection of Figure 1 indésathat the first effect dominates from period two
to four, leading to more tax evasion.

From period four to twelve the voluntary mean taterincreases from almost ten percent to about
15.5 percent. This development is due to varioasars. First, as of round two audited b-types, who
paid a penalty, declare their true income for tartrfiour periods due to= 4, so that the share of b-
type agents who declare their true income accuesllater four periods. Second, essentially the same
is true for audited a-type agents, who paid a penblowever, their period for declaring their full
income is endogenously determined. In periods twiptr, a-types declare their full incomepif >
0.67, according to (5). Hence, if they update tlseibjective audit probability tps =1 in the first
period after the audit and then decrease it edtdwiog period byd = -0.20 untilp = ps is reached
again, they declare their full income for two afserdit periods because of 1 > 0.67 and 0.8 > 0.67.
Besides they declare part of their income or nonme at all as of the third after audit period,
depending on their individual interval length aabog to (5). Third, the increase of the objectivelia
probability p in period five leadgeteris paribugo a higher number of audited a-types and b-types,
and, therefore, to more agents who update thejestive audit probability and pay their full taxes.
Fourth, the increase of the tax rate on undeclareame 77 (penalty rate) leadseteris paribusto a
different interval according to (5) and, therefargy change the number of periods for which a-types
declare their income partly or fully. For exampléth respect to periods nine to twelve the uppmaitli
of the interval amounts to 0.44 and, thereforgypes would declare their full income for three afte
audit periods, rather than for two as in previoesqas. Fifth, the number of periods for which pdg
declare their income fully or partly is also import for the type interaction between a-types and b-
types, because a lower (higher) extent of a-typ@vasion leads to less (more) b-type tax evasion.

During periods 13 to 24 we do not observe any oootis increase in the mean voluntary tax rate
and this is because both the objective audit pritityand the tax rate on undeclared income remain
constant. Rather, because the government incrédaséax rate on declared incomieceteris paribus

tax evasion increases again. For example, in pddodthe extent of tax evasion amounts to ((20-
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10)/20=) 50 percent, then falls to ((20-15.5)/2@2)5 percent in period twelve, but increases t0-((3
21)/30=) 30 percent in period 16 and to ((40-253)487.5 percent in period 24. Among other things,
the increase in tax evasion is due to a reductidheonumber of after audit periods during which a-
types declare their income and because of an aogidn of this process by imitating b-types.

During periods 25 to 36 the government fights inediax evasion again by raising the objective
audit probability and the tax rate on undeclarembine, which yields a rising voluntary mean tax rate
and reduces tax evasion to ((40-25.5)/40=) 36.26egme in period 27, to ((40-27)/40=) 32.5 percent i
period 32, and to ((40-29)/40=) 27.5 percent inqueB6.

Finally, during periods 37 to 40 the governmentspes a different tax policy and fights tax
evasion by reducing the tax rate on declared ingevhde maintaining comparatively high audit and
penalty rates, whicheteris paribugyields ((30-23)/30=) 23.33 percent tax evasiopenod 40. Also,
the two exogenous shocks in periods ten and 27%ibate to the reduction of tax evasion. In fack ta
evasion is reduced by 4.5 percentage points fraioghéen to eleven and by four percentage points
from period 27 to 28. Also, given the parameter gatlited and punished a-type agents will declare

their full income in two periods after the firstastk, but in only one period after the second shock.

4.2 Second scenario
Regarding the second scenario, we use exactlyathe parameter values as in the preceding scenario.
However, we now incorporate a lapse of time parametitha = 10, as in the present German tax
law. Hence, if an audit takes place the presenvg@end up to ten preceding periods are subjeitteo
audit and, therefore, maximizing a-type agents mewd to consider several periods in their utility
function. Thus, we need to modify the expectedtutfunction (4) as suggested by Allingham and
Sandmo (1972: eq. 23) and get,

-ME- Elnkﬂ(wk—xk)+w—9x—n[(w—x))
EU(W,X)=(1- ps)tﬂl—e‘”[(w‘gx))+ psQil-e \ k=@ 9)
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wheret denotes the period in which the audit takes plackkalenotes the period which is controlled
due to the lapse of time parameter. The necessargufficient condition for an inner solution ireth

multi-period case is then given by,

?—1 < Ps< 7 t-1 ’ (10)
i Snexionn| i S|
6+(-0+me \kKt-a 6+(-0+me \kKt-a
and the inner solution itself is given by,
m( (1~ ps) @ J
t-1 /g ps -6+
X=W+ ¥ “Krw -X)- s ) (11)

k=t-a 7T Am

A comparison of (10) with (5) shows that the uplpeit of the interval is now also individualized én
comparing (11) with (6) reveals that the middlertes added. Hence, the introduction of lapse oétim
effects leads to substantial changes with respedhé determinants of tax evasion behavior of
maximizing a-types.

Figure 2 illustrates the impact of these behavior@inges with respect to the voluntary mean tax
rate, but for matters of simplicity and readabilitg display the voluntary mean tax rate for onlp tw
type distributions. As in Figure 1, the first lifrem above represents the benchmark with zero perce
a-types and 50 percent c-types and the last lova fitbove represents the 50 percent a-types and zero
percent c-types distribution. Thus, Figures 1 amade?comparable.

Comparison of Figures 1 and 2, last line from abesh®ws that the lapse of time effect leads to a
substantial reduction of tax evasion over the ertime span, except in the first period where the
extent of tax evasion is the same. The reasoraisaitcording to (9) the lapse of time effect induce
maximizing a-types to take the extent of their dax evasion in up to ten past periods into account.

Therefore, as of period two, a-types may declaregidaheir income and after some additional pesiod
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they may even declare their true income, subjethédorelevant parameter set shown in Table 1 and
their individual income and risk parameters. Mompas the extent of a-type tax evasion is graguall
reduced over time, this behavior pattern is copigdhe b-types, which further reduces the extent of

tax evasion.

Figure 2: Voluntary Mean Tax Rate of Scenario 2

0,4 S a= 0%,
c=50%

a=50%,
c= 0%

Voluntary mean tax rate

1 5 9 13 17 21 25 29 33 37

Tax relevant period

Note: Seen from above the two lines denote the magamate due to voluntary tax declaratios Y X
/2 W), subject to the relevant type distribution ané trevailing parameter set. Parameter values
controlled by the government are provided in Tahléll remaining parameter values are fixed for
the 40 tax periods and assume the following valadgpe subjective audit probability updatifg -

0.20,b-type visibilityv = 4, b-type mutation period= 4.

In fact, it follows from Figure 2 that the exterfttax evasion is reduced from 32.5 percent in gerio
one to just ((20-19.5)/20=) 2.5 percent in perit/en. Thereafter, the decline of the voluntary mea
tax rate (i.e., the increase in tax evasion) irigoetwelve is due to the fact that for a-types ithigal
period has dropped from the set of the relevanpset periods. As for most a-types the initial peri
was characterized by tax evasion behavior, pem@dve allows some a-types to evade taxes again.
Like in the first scenario, the increase ébfn periods 13 and 21 lead®teris paribusto more tax

evasion, but with (30-27.5)/30=) 8.33 percent inqee16 and (40-35)/40=) 12.5 percent in period 24,



16

the extent of tax evasion is much lower than imade one. Yet, in both scenarios the extent of tax
evasion isceteris paribusthe highest where the spread betwé@esnd 77is the lowest. Finally, by
increasing this spread again, the government canteally reduce the extent of tax evasion to just
(30-28.75)/30=) 4.2 percent in period 40. Figundutrates the extent of tax evasion for the aafse
50 percent a-types and no c-types of scenario Rartll, therefore, corresponds to the last linenfro

above in Figures 1 and 2.

Figure 3: Extent of Tax Evasion in Scenario 1 and 2
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Note: The first line from above denotes the extétax evasion in percent with respect to the ase
scenario 1 ¢ = 0), 50 percent a-types and no c-types (last firoen above in Figure 1. Likewise, the
second line from above denotes the extent of @si@vin percent with respect to the case of sdenar

2 (@ = 10), 50 percent a-types and no c-types (lagt from above in Figure 2).
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5 Concluding Remarks
In this paper we have simulated income tax evasion society of heterogeneous agents, where
heterogeneity refers to different behavioral typdifferent individual risk-preferences and differen
taxable incomes. Within this society some agentsimmae their expected utility via an exponential
utility function. This modeling feature has impartadvantages. First, we can make rather realistic
assumptions about the audit probabilities (Bloorsiga006: 414). Second, we can incorporate lapse
of time effects. To our best knowledge, this hastb®@n done in any agent-based tax evasion model.
The simulation results presented in the precedewian by and large confirm the findings of
previous theoretical, experimental and agent-basadies (e.g. Allingham and Sandmo 1972, Alm et
al. 1992, Bloomquist 2006, Zaklan et al. 2009, 2008 particular, raising (lowering) the audit
probability or the tax rate on undeclared incoméoarering (raising) the tax rate on declared income
would ceteris paribudead to less (more) tax evasion. Howeweteris paribughe magnitude of these
effects may be rather small. In contrast, it turmed that the reduction of tax evasion by ethical
behavior patterns and lapse of time effects mayrdiker substantial, subject to the underlying
modeling features. Yet, if lapse of time effects already incorporated, ethical behavior pattegesns
to have much less influence. Besides, even at lodit aates, lapse of time effects may almost
eliminate tax evasion, if the spread between thxeréde on declared and undeclared income is
sufficiently high. In any case, our results call fbe incorporation of long lapse of time periods.
this extent, the increase of the lapse of timeqgokefiom five to ten years in Germany in 2009 should
contribute to a substantial reduction of Germaine tax evasion during the foreseeable future.
Finally, it would be of interest to further adjuke model to real world situations. For example, th
initial income distribution could be adjusted toloal for distributions with alternative gini
coefficients, the initial income could be allowen dhange over time to account for individual pay
increases and decreases, and the code could tstealdja allow agents to die and to be born, so that
the agent population becomes heterogeneous witkeeceto age. However, these tasks rather delineate

a future research agenda.
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