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1 Introduction

One of the most influential analyses of the links between economy, religion and morality has
been Max Weber’s The Protestant Ethic and the Spirit of Capitalism from 1904. The popular
view - though an imprecise one - is that it has been the protestant ethics which has been
benign to work ethic, having promoted the success of capitalism. Such a proposition may also
be translated into an empirical prediction on how people are attached to different religion
value illegal economic activities. It is indeed often suggested that the shadow markets are
larger in the Mediterranean countries than, say in the northern welfare states, cf. Schneider
(2004). His results suggest that the typical size of the shadow economy relative to GDP in
the OECD countries has varied between 8.4 per cent (the US) and 28.2 per cent (Greece) in
2002-2003. A recent study by Alm and Torgler (2006) show that there are cultural differences
regarding the tax morale across countries. They suggest that the northern Europeans have
higher tax morale than the southern Europeans. In addition, they suggest that the Romanic
countries have a higher tax immorality than most other countries. These results are in line
with Kirchgässner (1999) who argues that historically in North Europe, the state and religious
authority were largely held by one person and offences against the state were therefore also
religious offences (and consequently a sin). Cross-country survey data for 1960 through 1978
suggests that the country-level ”tax immorality” index has increased during that period,
cf. Weck (1983). Though the more recent evidence by Alm and Torgler (2006) on other
economies is somewhat mixed, many empirical papers indicate that the motive and incentives
to evade taxes have increased (Schneider (2004)) over the past decades.

Can a religious (or other cultural) denomination be a plausible explanation for differences
in tax morale? Some cultural differences allow one to ask this question. For example, in the
southern catholic countries, religion has a built-in forgiveness tradition. One is tempted to
suggest that this supports an equilibrium where the social punishment of, say tax evasion,
can have a different meaning than in the protestant countries. Combining the evidence from
the four waves of the World Values Surveys, we have learned that those belonging to a
religious denomination are on average more likely to disapprove such behavior as cheating
on taxes, claiming government benefits when not allowed, and accepting bribes. However,
the Protestants are more likely to be even more stringent on these values than the Catholics.
Moreover, when the proportion of the population belonging to a religious denomination is
used a yardstick, countries form natural groups of the catholic South and the protestant
North. In both country groups, the proportion of the members of church in the population
varies between 80 - 95 per cent while 76 - 90 per cent of those were members of the dominating
religion in that country.

Our paper introduces a model of consumers and entrepreneurs who value their moral code
but are inherently opportunists in a sense that their morality is priced in market transactions.
Then we use country data classified according to the dominating religious denomination
to study tax morale and shadow markets. Other country groups are included to provide
reference groups and facilitate the comparison to the previous studies.

The theory of tax evasion goes back at least to Allingham and Sandmo (1972). Subse-
quently, literature on social norms, punishment and tax evasion has been growing. On moral
norms, Macaulay (1963) suggests that people behave honestly because honesty is rewarded
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and defection punished in future transactions. Brekke et al. (2003) propose a model where
a consumer’s self-image can only be improved by striving towards what she truly believes
to be morally right. Then the benefits of good self-image will be traded against the costs.
This idea is replicated by Johansson-Steman et al. (2005). Reciprocity is first mentioned
by Kandori (1992), who suggest that social norms work to support efficient outcomes also
in infrequent transactions where agents change their trading partners over time1. Fehr and
Gächter (1998) consider Homo reciprocan as a norm enforcer. They summarize a number
of experimental studies suggesting that a minority of people, between 20 per cent and 30
per cent, do not reciprocate and behave in a completely selfish way. More recently, Fehr and
Gächter (2002) indicate that people are willing to invest in public goods, as long as they
have the possibility to inflict punishment on those who free ride on the co-operation. Also
Seinen and Schram (2004) suggest that cooperative action is rewarded by a third actor and
that group norms develop. Anderberg (2006) has considered the matching problem between
the market participants.

Baldry (1987) suggested that there are moral costs to cheating and that moral feelings
have to be incorporated in the theory of tax evasion. Following this line of argument, Gordon
(1989) incorporates social norms into the evasion decision assuming that the utility cost to
evasion increases in the proportion of taxpayers who do not evade. The experiment by Myles
and Naylor (1996) confirm a tax evasion model where a social custom utility is derived when
taxes are paid honestly and a conformity payoff from adhering to the standard pattern of
social behavior2. The results of Orvaska and Hudson (2002) suggest that evasion is condoned
by a large proportion of the population though people appear to be deterred from tax evasion
by the consequences of being caught.

Our paper contributes to the literature on tax morale and shadow markets.3 In our
model, entrepreneurs provide their services to consumers through the legal or an illegal
market. Values are determined in the market. The tax morale is reflected in the difference
in the private valuation of legal and illegal transactions, arising from the social stigma and
lack of self-respect from tax evasion.4 A legal producer benefits from consumers’ moral
aspirations which provides a compensatory mechanism for the tax to be paid. An illegal
producer avoids the tax and can contract with the consumers visiting the shadow market in
a lower price. It is not that in equilibrium all potential entrepreneurs are active. They have
an outside option in terms of a government transfer when choosing unemployment. Tax

1 The reasons for non-opportunistic behavior have been extensively discussed by biologists. Hamilton
(1964) introduced the notion of kin selection and Trivers (1971) a more general view of reciprocal altruism.
Wilson (1975) represents a comprehensive document of co-operative behavior among animals. Frank (1988)
argued convincingly that the ability of people to behave non-opportunistically serves as a helpful commitment
device facilitating beneficial relations like joint ventures. Binmore (1998) is a more recent contribution to the
theory of how norms are formed.

2 Falkinger (1995) notes that perceived fairness and equity of the political and economic system increases
the bad conscience of evaders. Fortin et al (2004) find that perceived unfair taxation may lead to increased
tax evasion.

3 Our model highlights the conflict between opportunistic private incentives and collective values and norms.
Some studies in the sociological literature explain crimes as an outcome of evolutionary interplay between
productive and expropriative strategies, cf. Cohen and Machalek (1988) and Vila and Cohen (1993).

4 Hausman and McPherson (1993) have provided a review of why and how morality influences economic
outcomes. Cf. Frank (1987) for a pioneering analysis of honesty and dishonesty.
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evasion results in a fiscal externality in the financing of public goods. Public goods have
the property that they enhance the private productivity of each entrepreneur. The tax rate
chosen by a revenue-maximizing government hinges upon the tax morale of people in the
economy. The welfare effects of shadow economy are ambiguous.5

By its intrinsic nature, the shadow economy is hidden. Causal models which incorporate
latent variables have earlier been used to estimate the magnitude of the shadow economy
by Giles and Tedds (2002) and Dell’Anno and Schneider (2003) among others. The previ-
ous studies which use the MIMIC approach have been, however, evaluated critically by Hill
(2002), Smith (2002) and Breusch (2005a,b). The MIMIC model assumes that the connec-
tions that the indicator variables have with the causal variables are solely carried through
the latent variable. This is perhaps the most severe problem identified. The specifications
used by the existing studies indeed assume that there are no direct links between the cause
variables and the indicators - an assumption which is not likely to hold. Unlike the earlier
studies, we include also the direct effects between the causes and indicators.

We report three major results. First, our data reject the hypothesis that countries with
a different religious background exhibit different shadow economies. Second, our results
suggest that the shadow markets are much smaller than estimated earlier. The main reason
for the substantive difference is that, we have included the direct effects from the cause
variables to the indicators. Third, our results support a view that there has been a regime
switch in the evolution of the public sector in the early 1990s and that in these regimes, the
evolution of the shadow economies is different.

The road map of our paper is that we develop our theoretical model in Section 2. The
model is estimated in Section 3 which reports the econometric results. Section 4 concludes.

2 Model

2.1 Tax Morale

To fix the ideas, we consider an economy where consumer services can be bought either in
a legal or an illegal market. The mass of consumers is normalized to unity. The number of
producers is normalized to η, where η > 0. Each consumer buys at most one service. Each
producer can service several buyers. Legal producers are subject to a tax, τ > 0. Illegal
producers can contract with the buyers on a lower price and abstain from paying the tax.

People are different in terms of their moral aspirations. The consumer with the highest
moral standard values the transactions with a legal producer by α1 and the transactions
with an illegal producer by α2 where α1 > α2 > 0. Valuations may differ for cultural or
religious reasons between different populations (say, countries). Deviation from the legal

5 Earlier, Davidson, Martin and Wilson (2003) have suggested that shadow transactions may increase
welfare. By allowing agents to self-select into the black market, the government can in their model target tax
breaks to transactions involving low-quality goods. We also notice that shadow markets may enhance welfare
by limiting the pricing power of incumbent firms and by controlling tax collection. Thus the proponents of
the view of governments as revenue-maximizing Leviathans, which use resources inefficiently, would welcome
the shadow economy.
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norm results in the stigma or loss of self-respect. The rest of consumers are arranged in a
linear ordering with declining valuation.

Thus, if the consumer i buys from the legal and consumer j from an illegal producer in
a given population, their net utilities are

ui = α1(1− i)− p1; vj = α2(1− j)− p2; α1 > α2 > 0, (1)

where p1, p2 are the market prices of the legal and illegal products, yet to be determined.
While consumers are affected by the money they have to spend, entrepreneurs are af-

fected by the money they can earn. The legal and illegal outputs are denoted by x1 and x2
and the production is subject to increasing costs. Public goods denoted by g will enhance
private productivity. Inactive entrepreneurs are entitled to a government transfer, δ > 0,
representing an opportunity cost. The utility function of the entrepreneurs are taken to be

U l = α1(1− l)π1; V h = α2(1− h)π2, (2)

where the profits of the legal and illegal entrepreneurs, l and h, are6

π1 = p1gx1 −
1

2
x21 − τ ; π2 = p2gx2 −

1

2
x22. (3)

It will turn out that the equilibrium is independent of the moral standard of the producers.
The entrepreneurs are price-takers and the outputs are solved from the first-order conditions
to be

x1 = gp1; x2 = gp2.

With free entry to both sectors, market prices have to adjust to eliminate the rents. From
π1 = π2 = δ,where the unemployment compensation is used to measure the opportunity
cost. We obtain

p1 =

√
2(τ + δ)

g
.

Similarly,

p2 =

√
2δ

g
.

Therefore, the illegal price is lower than the legal price as the private benefits from tax
evasion are split between the buyers and the legal entrepreneurs.

To solve for the legal and illegal production, denote by m the marginal consumer who
is indifferent between buying the legal and the illegal product. Similarly, denote by n the
consumer who is indifferent between buying the illegal product and none. It can be proved
that the consumers (0,m) buy the legal product and consumers (m,n −m) by the illegal
product. Thus, the net utility of the consumer n is

6 It is assumes that the illegal producers are not able to exploit government transfers if they are active. This
assumption is not fully realistic and it leads to that the size of the illegal markets is somewhat underestimated
in our theoretical model. It is, however, a trivial matter to include the exploitation of government transfers
by the illegal producers by introducing in π2, the profit, an opportunity cost say µδ, µ < 1 instead of just δ.

4



α2(1− n)− p2 = 0,

or
n = 1−

p2
α2
.

It holds for the consumer m,

α1(1−m)− p1 = α2(1−m)− p2,

or
m = 1−

p1 − p2
α1 − α2

.

Then, the size of the shadow sector, measured by the number of consumers is

n−m =
p1 − p2
α1 − α2

−
p2
α2
.

We find

Lemma 1 The condition for the existence of the shadow sector is

α2
α1
>

√
δ

τ + δ
. (4)

Moreover, as comparative static results, we find that the lower is the tax morale, i.e. the
smaller is α1−α2 and the greater is the tax rate τ, the bigger is the shadow economy, n−m.

Also,

Lemma 2 The condition for the legal sector to survive is m > 0, or

α1 − α2 >
1

g

(√
2(τ + δ)−

√
2δ
)
.

According to Lamma 2, tax morale has to be sufficiently great to sustain legal markets.
There is also a ceiling to the tax rate

τ <
1

2

(
g (α1 − α2) +

√
2δ
)2
− δ.

2.2 Laffer-curve and Tax Morale

Consider a revenue-maximizing Leviathan government, extracting a share λ > 0 for its own
consumption. It maximizes λT. The timing in our model is such that the government forms
expectation on the tax morale and decides on the tax rate in stage 0. The extent of shadow
markets is determined conditionally on the tax morale developed. In the equilibrium with
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shadow economy, the number of tax paying entrepreneurs is m
x1
= m√

2(τ+δ)
. Then, the tax

revenue (Laffer-curve) is

T =

[
1−

1

α1 − α2
1

g

(√
2(τ + δ)−

√
2δ
)] τ
√
2(τ + δ)

. (5)

Developing the derivative

∂T/∂τ = −τ +
[
g (α1 − α2)−

√
2(τ + δ) +

√
2δ
] τ + 2δ
√
2 (τ + δ)

,

We see that at the origin, (∂T/∂τ)τ=0 = g (α1 − α2)
√
2δ > 0. Thus, the Laffer-curve is

increasing at the origin. Developing the second derivative,

∂2T/∂τ2 = −
1

2(τ + δ)2



−
5τ + 4δ

2
+

[
g (α1 − α2)−

(√
2(τ + δ)−

√
2δ
)]
(3τ + 4δ)

2
√
2(τ + δ)



 .

At the origin,

∂2T/∂τ2 = −
1

δ

[
g (α1 − α2)√

2δ
− 1
]
.

This is negative when g(α1−α2)√
2δ

> 1 or when α1 −α2 > p2. We assume this to be the case as
it just states the condition that the tax morale is strong enough. Denote the tax rate which
maximizes the revenue by τ∗. The remaining question is whether the τ∗ < τmax where τmax

is the maximal tax rate available (making the tax revenue approach zero). It was solved
above to be

τmax =
1

2

(
g (α1 − α2) +

√
2δ
)2
− δ.

At this rate rate, α1−α2 = 1
g

(√
2(τ + δ)−

√
2δ
)

making the first derivative of Laffer curve

g (α1 − α2) =
√
2(τ + δ)−

√
2δ negative. Subject to the condition, g (α1 − α2) >

√
2δ, we

have proved

Proposition 3 The economy faces a concave Laffer curve with tax revenue maximizing tax
rate satisfying

τ∗ < τmax.

A small valuation difference α1−α2, points to low tax morale whilst the large difference
points to greater tax morale. Does an increase tax morale, α1−α2 enhance the government’s
ability to collect tax revenue? Yes, it does. By straightforward derivation, one can show that
∂T/ (α1 − α2) > 0 and that ∂τ∗/ (α1 − α2) > 0 for any given g. The latter conclusion follows
from ∂τmax/∂ (α1 − α2) > 0. This means that with increased tax morale, the Laffer curve
moves up and to the right. Allowing g adjust is more complicated but the result can be
expected to hold.

We can endogenize the supply of public goods through the government budget. The
entrepreneurs who are not active are entitled to a government transfer. The mass of buyers
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in the legal and illegal sector is m and n−m and the mass of customers per entrepreneurs
is x1 and x2, respectively. Thus, the mass of entrepreneurs in two sectors is m

x1
and n−m

x2
.

Therefore, the mass of entrepreneurs collecting the government transfer δ is

u = η −
m

x1
−
n−m
x2

.

Then the government budget satisfies.

T = g + uδ. (6)

From above, we know that with an increased tax rate, entrepreneurs’ have to raise their
price. A government planning a tax increase should be aware of the fact that this promotes
the expansion of the shadow economy.

2.3 Multiple Equilibria and Prisoner’s Dilemma

For a moment, consider the economy modelled above in a state without a shadow market.
All producers are in the legal sector and pay the tax. There is no tax evasion and the tax
collection generates tax revenue. It holds for the marginal consumer that α1(1−m)−p1 = 0.
Therefore,

m = 1−
p1
α1
.

The output decision of the legal firm is the same as above and so is the zero-profit condition
for entrepreneurs. Therefore, the legal price is the same as above. The marginal consumer
in the legal market is, however, now different. In the absence of the illegal market, there are
more legal customers provided that the incentive condition for the existence of the illegal

market α2
α1
>
√

δ
τ+δ holds. This means that the government’s tax revenue is greater, too.

The amount of unemployment compensation is such of equilibrium is

δu = δ

(
η −

m

x1

)

and the public goods to be supplied in such an equilibrium satisfy

g = T − δ
(
η −

m

x1

)
.

If each entrepreneur expects everyone else to contribute to the tax revenue and financing
of public goods, the economy can settle down in a "good equilibrium". If each entrepreneur,
however, expects that no one else will contribute to the tax revenue, the economy can settle
down in a "bad equilibrium" with the substantially reduced supply of public goods. This
is the equilibrium we studied above. Though no one wants the economy to settle down
in the bad equilibrium every entrepreneur, however, has a private incentive to deviate as
he can increase his profit by establishing shadow activities. This is easily established. A
legal producer choosing output x1 = gp1 optimally generates a profit π1 = 1

2 (qp1)
2 − τ.

Any producer can, of course, make a bigger profit π2 = 1
2 (qp1)

2 by abstaining from the tax
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payment, provided no other producer follows. However, as every producer has this incentive,
the economy will settle down in the bad equilibrium studied above. The good equilibrium is
therefore subject to private opportunism and prisoners’ dilemma. The economy will settle
down in a bad equilibrium studied above and with the reduced supply of public goods. Thus,

when α2
α1
>
√

δ
τ+δ , we have proved the following,

Proposition 4 Shadow economy arises as prisoner’s dilemma.

2.4 Towards Empirical Hypotheses

The link between the size of the illegal market and the tax morale is found to be

n−m =
1

g (α1 − α2)α2

(
α2
√
2(τ + δ)− α1

√
2δ
)
.

Given the attitudes towards tax morale, it is now possible to trace the effects of government
policies on the structure of the production sector including the shadow economy. We find that
an increase in the tax rate increases the number of customers visiting the shadow market,

∂ (n−m)
∂τ

=
1

g (α1 − α2)α2

(
α2√
2(τ + δ)

)

> 0.

We also find that ceteris paribus, an increase in public goods has the opposite effect. In
particular, the elasticity of shadow demand with respect to the provision of public goods is
unity,

∂ (n−m)
∂g

/
(n−m)
g

= −1.

The public goods effect works through the output decisions by the producers.
Unemployment benefit, however, results in an ambiguous effect and it increases both

prices,
∂ (n−m)

∂δ
=

1

g (α1 − α2)α2

(√
2δα2 − α1

√
2(τ + δ)

√
2δ
√
2(τ + δ)

)

≷ 0.

Such results have descriptive value but make the issues ultimately empirical. There is
a further complication when building the bridge between tax policies and shadow markets.
The policy variables are inter-related though in a complicated way. Consider the govern-
ment budget constraint. An increased tax rate has no direct impact on the shadow market.
What is does in then first instance is to raise the equilibrium price in the legal market,
∂p1/∂τ > 0, making each legal producer bigger, ∂x1/∂τ > 0. However, the number of legal
producers declines, ∂ (m/x1) /∂τ < 0. (This follows from ∂m/∂p1 < 0). As a result, there
will be more unemployment. Now, the number of illegal producers, (n−m) /x2 will increase
as ∂ (n−m) /∂p1 > 0, reducing unemployment. Which of two effects on unemployment
dominates? Evaluating the total effect, we find that

∂u/∂τ =
1

x1

[
−

1

g (α1 − α2)

(
1

x1
−
1

x2

)
+

m

2(τ + δ)

]
> 0,
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which follows from that 1
x1
− 1

x2
< 0.

Suppose that the economy is settled at the top of the Laffer curve with the property
that ∂T/∂τ = 0. Thus, an increase in the tax rate cannot generate additional tax revenue.
However, an increase in the tax rate increases the number of those eligible for unemployment
compensation. As a result, in the case where the government budget constraint is strictly
binding, the supply of public goods must be reduced when the economy is settled at the top
of the Laffer curve.

Additional complications may arise from two sources. First, the economy may not be set-
tled down at the top of the Laffer curve. Second, with access to public debt, the government
may actually face a soft budget constraint.

Our paper asks whether one can identify differences in the tax morale among countries
with different cultural backgrounds. For the reasons discussed in this section, we find appro-
priate to include various fiscal variables among the explanatory variables and to ask whether
we can identify cross-country differences between the policy variables and indicators of the
shadow economy. The truly exogenous parameter is our tax morale, measured by the valu-
ation difference α1 − α2. Our model in this section has shown in which way the tax morale
determines the size of the shadow economy. It also provides a description of how the shadow
economy will respond to the government policies in terms of taxes, public goods and transfers.
The empirical section below estimates these relations taking that the tax morale operates as
the transmission mechanism between those policies and shadow markets. Differences in the
response of the shadow markets to those policies is taken as an indication of differences in
tax morale in various countries.

3 Empirical Analysis

3.1 Method

The shadow activities are unobservable. This represents a challenge for the econometric
testing of the theoretical hypotheses. The problem, however, is quite common in economics7

and can be coped by SEM (structural equation modeling). The estimation theory was orig-
inally developed by Zellner (1970) and Jöreskog and Goldberger (1975) though a number of
authors have contributed to this literature8. This method has earlier been used to estimate
the magnitude of the shadow economy by Frey and Weck-Hanneman (1984), Aigner, Schnei-
der and Ghosh (1988), Giles and Tedds (2002) and Dell’Anno and Schneider (2003) among
others.

A latent variable is a random variable whose realizations are hidden from an observer.
Even though it may have operational implications for relationships among observable vari-
ables. The observable variables may appear as the causes of the latent variable as well as

7 According to Wansbeek and Meijer (2001), a theoretical variable concerned is purely a mental construct
that does not strictly correspond to a variable that can be observed in practice. The examples of such variables
are human capital, the productivity of a worker, consumer satisfaction or as in this study, illegal activity. The
"causes" may be viewed as the instruments in IV-approach (Goldberger (1972) and Angrist et al. (1996)).

8 The special issue of the Journal of Econometrics (1983) is devoted to this approach. See also Aigner et
al (1984). For textbook presentations, one can refer to Aigner and Goldberger (1979), Keiding et al. (2004)
and Schumacker and Lomax (2004).
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indicators of latent variable. A structural model links the observed causes to the unobserved
variable(s) and the measurement model links the latent variable(s) to observed indicators.
Together these models compress as a structural equation model (Figure 2). The Multiple-
Indicator-Multiple-Cause (MIMIC) model is a version of SEM with only one latent variable.

Figure 2: Modeling the shadow economy

The studies using the MIMIC model to estimate the shadow economy have been criticized
by Hill (2002), Smith (2002) and Breusch (2005a,b). For example, Hill (2002) states on Giles
and Tedds (2002) that there is no theory behind the estimated model, a characteristic that is
common for most, if not all, of these studies. In addition, he notes that the causal variables
and the indicator variables must correspond closely enough to latent variable so that the
researcher can be confident that the latent variable is identified in the estimation. Also the
reliability of the results is difficult to judge as there are no reliable alternative methods. He
concludes, however, that in the end, the MIMIC approach to the underground economy is
valid. Hills’ critique is echoed by Smith (2002) who argues that as the size of the shadow
economy must be calibrated by using "outside information", the "other source" for obtaining
the benchmark becomes critical.

The most challenging critique is, however, due to Breusch (2005a,b). He points out
that the previous studies have not documented the transformations, making the replication
of results difficult. Errors are also made when the predictions of the latent variable are
formed, as the parameter estimates are applied to the original untransformed data. Most
critically, the MIMIC model assumes that the relations that the indicator variables have
with the causal variables are solely carried through the latent variable. In other words, the
specifications used by the existing studies deny any direct effects between the cause variables
and the indicators. This criticism is a valid one but it can be handled.

Suppose throughout that all variables are measured around their respective population
means. Thus, the intercept is omitted. The structural model assumes that the latent variable
y∗ is determined as

y∗ = α1q1 + α2q2 + ...+ αkqk + ǫ, (7)

where the observable exogenous causes q1, ..., qk are obtained from the theoretical model and
where ǫ is the disturbance term.
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In our measurement model, the latent variable determines, together with (some) cause
variables and disturbances u1, ..., um, the set of observable indicators y1, ..., ym

y1 = β1y
∗ +Σki=1γ1iqi + u1, .... , ym = βmy

∗ +Σki=1γmiqi + um. (8)

The earlier studies imposed the constraint γji = 0 for all j, i. We, however, estimate the
specification which allows for some non-zero γ′s, i.e. allows for direct effects.9

The indicator variables are assumed to reflect the evolution both of the unobserved latent
variable and the cause variables and are thought to covariate with them. In vector-form

y∗ = άq + ǫ, (9)

y = βy∗ + γq + u, (10)

with E[ǫ] = 0, E[u] = [0 0... 0]′, E [ǫu] = [0 0... 0]′, E(ǫ2) = σ2 and E (u× u′) = Θ2.
Substituting, we obtain the reduced-form relation

y = (βά+ γ)q + βǫ+ u = Π′q + v, (11)

where the reduced-form coefficient matrix is Π = αβ′ + γ′ and where the reduced-form
disturbance vector, v = βǫ+ u has covariance matrix Ω = E (vv′) = σ2ββ′ +Θ2.

We estimate the coefficient matrix Π in equation (11) which contains only observable
variables. Estimation of structural parameters is computed using maximum likelihood tech-
niques, making use of the restrictions implied in both the coefficient matrix Π and the
covariance matrix of the error term ν. Such restrictions are needed because without them
the model would not be identified. With all direct effects included, even those restrictions
would not suffice to identify the model. To determine α and β, one of the factor loadings
has to be fixed (anchoring). The restrictions for direct effects, i.e. restrictions that some of
the γ’s are zero, are easily found using our theoretical model. If there was no theory behind
the estimations, one could not convincingly argue that some of the γ’s should equal zero,
leaving the model undetermined.

3.2 Hypotheses and Data

In this section, we analyze empirically how the indicators of the shadow economy are affected
by the government policies. For the empirical analysis, we identify five cause variables and
three indicators. The hypotheses will be tested using annual data for 21 industrialized
OECD countries for 1979 through 2003. All variables, except the nominal interest rate, are
measured as growth rates per annum. Thus, our latent variable is the rate of growth of
shadow economy, instead of being the size of the shadow economy relative to the official
GDP (xi/xl) as in previous studies.

Cause variables

1. Total tax revenue (τ), growth rate. The higher the tax burden, the greater the shadow
economy. It thus reflects both, the tax evasion effect of homo oeconomicus and the
sentiments of homo moralis.

9 We thank Bengt Muthen for indicating us how to accomplish the estimation task.
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2. Government consumption (g), growth rate as a measure of the public good. Growth
of the public good is expected to increase the growth of the shadow economy.

3. Government transfers (δ), growth rate. We expect transfer payments to reduce the
incentives to work in the shadow economy.

4. Crime rate (k), growth rate. Proxy of the general morale or social capital in the
society. A high crime rate either reflects low social capital or an increased rate of crime
reporting. The former has a positive the latter a negative effect on the illegal economy.

5. Nominal short-term interest rate (r). An increase in interest rate increases the oppor-
tunity costs of holding money thus reducing the shadow transactions.

Indicators

1. Real GDP per capita, growth rate, (x). It is not obvious whether there should be a pos-
itive or a negative relationship between official and shadow economy. It is conceivable
that when the official economy is booming, so is the unofficial sector and vice versa.
On the other hand, the relationship might also be the other way round, i.e. that a
boom in the official sector is associated with a slowdown of the illegal sector. Based on
our theoretical model we expect a positive association between the shadow economy
and the official economy.

2. Labor force participation rate in the official sector, (l), growth rate. Similar arguments
hold for the relationship between the shadow economy and the labor force participation
rate, as was for the GDP. We expect a positive association between the shadow economy
and the labor force participation rate.

3. Real currency in circulation per capita, (m), growth rate. This variable measures
changes in payment habits. The greater growth of cash payments reflects the greater
growth of the shadow transactions.

3.3 Estimation Results

Preliminaries All variables are measured as growth rates per annum (see Appendix A),
except the nominal interest rate which is measured as log (1 + rt). On the basis of Levin-
Lin (1993) and Im-Pesaran-Shin (2003) tests we conclude that the series are stationary. In
addition, the variables appear to be non-normal, hence we use the adjusted ML-estimation
method and report the adjusted test statistics. Moreover, when we scrutinize the public
sector variables, a break appears in the data which points to two regimes. Hence, we split
the data into two periods instead of fitting the model in the full sample. We call the first
period the regime of the public sector growth (1979-1992) whilst the second period is called
the regime of a mature public sector (1992-2003). In addition, we notice that there are
differences among countries according to their historical, regional and cultural heritage, which
might be reflected in the magnitudes of the shadow economy. We thus decided to group
the countries with respect to their geographical location and by the dominating religion.
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Two indicators of the religious orientation were taken into account. The first one is the
proportion of the citizens of a country belong to a religious denomination. The second one is
the dominating religious denomination of a country. Using these two measures, there are two
distinctive groups: the Catholic South (CS) with the membership ratios of 80 - 95 per cent
and the Protestant North (PN) with the membership ratio of 80 - 90 per cent. In addition,
the German-speaking (GER) countries are assumed to share the same cultural heritage.
Remaining countries form two control groups, the Rest of the Europe (RoE) and the Rest of
the World (RoW). We first estimate the equations for regimes I and II in the pooled data.
Then we partition the data in the groups and estimate the equations for regimes I and II.

Results To identify the model, we must impose two kinds of restrictions as discussed
above. Firstly, we must fix one of the factor loadings hence we impose the restriction β1 = 1,
which suggest that an increase in the shadow economy increase real GDP per capita, both
in growth terms. Secondly, we must set some of the direct effects to zero while we seek the
parsimonious representation of the model. This process is guided by t−statistic and the fit
indices. After eliminating the insignificant direct effects one by one the ones that remain are
as follows. The interest rate for the currency; the transfers, public goods and interest rate
for the labor force participation rate. The diagnostic test results for the pooled data are
presented in Table 1. All the diagnostic tests, with the exception of TLI in regime I, support
the model in both periods and that there is a latent variable.10

The first period values of R2 are 0.23 to the growth of the currency, 0.10 to the growth of
the labor force participation rate, undefined of the growth of GDP11 and 0.25 to the latent
variable. For the latter period, the R2’s are 0.01 to the currency, 0.22 to the labor force,
0.51 to the GDP and 0.84 to the latent variable.

Table 1. The fit indices for pooled data.
1979-1992 1992-2003

Tests of model fit Value p-value Value p-value
χ2-test / degrees of freedom 14.07 / 6 0.029 8,261 0.219
χ2-test model comparison 192.5 / 18 0.000 226.191 0.000
CFI 0.954 n.a. 0.989 n.a.
TLI 0.861 n.a. 0.967 n.a.
SRMR 0.029 n.a. 0.020 n.a.

Our pooled estimation results are presented in Table 2. To solve for the vector of the
parameters, we normalize the coefficient of the growth of GDP equal to one12. Then for
the first period an estimate for β for the growth of the currency is 0.79 with the t-statistics
of 3.702, which is highly significant. The estimate for the growth of labor force is 0.093
and insignificant. In the second period, we find that the growth of the currency looses its
significance as an indicator (β = 0.398) whilst the labor force becomes more significant

10 More detailed description about how the direct effects were eliminated and about the cut-off values for
fit indices in Appendix B (See also Schumacker and Lomas (2004)).

11 The matrix theta for the GDP was not positive definite.
12 The R2 is the highest for the GDP therefore it is conceivable to fix the factor loading of the GDP as then

the model iterates faster yielding the empirical estimates. Note that the remaining free parameters are solved
subject to this constraint.
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(β = 0.605).
As to the direct effects, there indeed are significant ones. The interest rate variable is

statistically significant for the demand for money in both regimes. In the first regime, also
the transfers and the government consumption are important determinants for the growth of
labor force participation rate. Clearly, it is true that direct effects must be "cleaned" when
solving for the indirect effects.

Our main interest, however, lies on the estimates for α’s, as they reflect the effects of our
presumed causes on the shadow economy. In both regimes, the public sector variables g, δ
and τ appear significant although the magnitude of the parameter estimates change when we
switch from the first regime 1979-92 to the other 1992-2003. The effect of the tax variable
on the shadow economy becomes greater while the effect of transfer payments decreases.
The effect of government consumption remains quite the same. It thus appears that the
tax morale has worsened in the latter regime; neither do the transfer payments (having a
negative effect) bribe people away from the shadow economy as much as they used to. In a
sense, these results are unexpected. One would have thought that in the latter regime with
a more "mature" public sector, these variables have become less significant.

We also find that the opportunity cost of holding cash has a negative and significant effect
on the shadow economy. As the official economy has other means of payments, then the
increased opportunity costs fall more on the illegal transactions. Comparing the estimated
magnitudes of their elasticities it indeed appears that the illegal demand for money is more
inelastic than the total demand for money. One should not, however, make too much out
of this result, as our aim was not to estimate the demand for money; the "model" is not
complete.

Table 2. Estimation results, with *, ** and † indicating 1%, 5% and 10% level of signifi-
cance.

1979-1992 1992-2003
Causes α t-stat α t-stat
τ 0.158 5.280* 0.223 8.723*
δ -0.247 -6.695* -0.147 -4.510*
g 0.106 1.893† 0.127 3.638*
k -0.002 -0.166 0.002 0.264
r -0.112 -1.641 -0.165 -3.850*
Direct effects γ t-stat γ t-stat
on currency
by r -0.422 -4.764* -0.380 -2.374**
on labor force γ t-stat γ t-stat
by δ -0.116 -3.273* -0.032 -0.483
by g 0.183 3.401* 0.056 0.983
by r -0.083 -1.212 -0.038 -0.603

Our next step is to check whether there are differences in the parameter estimates among
the country groups. The diagnostic test results for both regimes are presented in Table
3. This time the indices indicate poorer fit although they are slightly better in the latter
period. The decrease in the fit might be due to the fact that we had to impose exactly the
same structure for all groups, hence the model does not allow enough variation between the
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groups13. Also note that the vector of β’s is forced to be the same across the groups. Only
the vectors of α and γ are allowed to differ. Then for the first period, the estimated coefficient
for the growth of the currency is 1.397 with the t-statistics of 10.329 and for the growth of
the labor force participation rate is 0.276 with the t-statistics of 3.034. Compared with the
results obtained using pooled data, it appears that the vector of β’s has changed drastically.
In addition, we report the following R2’s for the equations of the latent variable: 0.75 for the
German (GER) group, 0.74 for the Nordic (PN) group, 0.57 for the Mediterraneans (CS),
0.39 for the Rest of Europe (RoE) and 0.85 for the Rest of the World (RoW). With the
exception of RoE, these are remarkably high. To save space, we do not report the R2’s for
observed variables.

Table 3. Diagnostic test results for grouped data
1979-1992 1992-2003

Tests of model fit Value p-value Value p-value
χ2-test / degrees of freedom 177.0 / 46 0.000 100.45 0.000
χ2-test model comparison 933.4 / 90 0.000 672.75 0.000
CFI 0.845 n.a. 0.907 n.a.
TLI 0.696 n.a. 0.817 n.a.
SRMR 0.072 n.a. 0.057 n.a.

The group results in the first regime are presented in the Table 4. The direct effects
continue to be significant. We first notice that the transfer payments variable has a significant
impact on shadow transactions in all country groups although its magnitude varies quite a
bit. It remarkably limits the size of the shadow economy in the German group while it
has a much smaller effect in the group of the Mediterranean economies. We also notice
that for German-speaking countries, the other cause variables have no impact what so ever
on the growth of the shadow economy. This result might, at least partly, be due that the
German mark was used as the black currency in the CEE-countries as well. For their shadow
economies, the German government policy does not make the difference.

In the other extreme, we have the Nordic countries (PN), where the cause variables, with
the exception of the crime rate, have all a statistically significant effect on the growth of the
shadow economy. These countries, by the way, had quite closed and protected economies
until the 1990’s. A similar result, now with the exception of government consumption, applies
to the Rest of the World countries (RoW). In that group, the crime rate has a negative effect
on the shadow economy. Perhaps this reflects an increased probability of being caught. For
Mediterranean countries (CS), we notice that government consumption has a positive effect
on the shadow transactions. Does this finding suggest that people in those countries regard
government consumption as waste by a Leviathan government? We also note that for the rest
of Europe (RoE), the model does not fit well as the countries pooled in this group are rather
heterogenous. Lastly we notice that as the differences across countries are quite remarkable,
this casts a shadow to whether estimates obtained from pooled data are sensible. Let us
first, however, take a look into the results from the latter regime.

13 Note that there are 20 insignificant parameter estimates in the model, which weaken the model fit. If we
take this into account and re-calculate the TLI, its value would be 0.82 in the first period and 0.92 in the
latter period. The values for CFI would be 0.87 and 0.94.
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Table 4. Group estimates in the first regime, 1979-92.
GER PN CS RoE RoW

Causes
α t-stat α t-stat α t-stat α t-stat α t-stat

τ 0.01 0.15 0.20 4.07* -0.07 -1.44 0.10 1.60 0.30 6.82*
δ -0.44 -3.77* -0.29 -3.77* -0.13 -1.98** -0.23 -3.21* -0.21 -5.19*
g -0.12 -0.71 0.13 1.78† 0.19 2.79* 0.07 0.55 -0.10 -1.28
k 0.03 1.22 0.02 0.69 -0.03 -1.10 0.00 0.00 -0.06 -2.48**
r 0.01 0.13 -0.23 -2.12** -0.34 -3.25* -0.02 -0.20 -0.13 -1.92†

Direct effects
γ t-stat γ t-stat γ t-stat γ t-stat γ t-stat

on currency
by r -0.47 -3.02* -0.24 -2.28** -0.38 -4.72* -0.45 -3.56* -0.20 -1.77†

on labor force
by δ 0.02 0.17 -0.13 -1.61† -0.04 -0.47 0.00 0.00 -0.14 -2.59*
by g 0.38 2.84* 0.21 2.76* 0.09 1.10 0.07 0.85 0.25 1.93†

by r -0.36 -2.85* -0.05 -0.59 -0.06 -0.61 -0.10 -1.38 -0.02 -0.23
The group results in the latter regime are presented in Table 5. There are again significant

direct effects. For this period, the estimated coefficient for the growth of currency is 0.202
with the t-statistics of 1.093 and that for the growth of labor force participation rate is 0.288
with the t-statistics of 2.943. Comparing these results, the β′s change remarkably from one
regime to another; the labor force participation rate increases its weight compared with that
of the currency.

We present the results for Mediterranean group with a caution, as the estimation routine
sent a warning that the psi matrix is not positive definite for this group. The latent variable
R2’s for the other country groups are as follows: 0.31 for the German region, 0.70 for northern
Europe, 0.83 to the Rest of Europe and 0.58 for the Rest of the World.

We first notice that the taxation variable has a positive and significant effect on the
shadow economy in all of our groups. Compared with the results of the first regime, the
magnitude of the coefficient of the tax variable has increased and it has become statistically
more significant. We take this as an indication of the worsening of the tax morale across all
of the groups. Moreover, the transfer payments have a negative and significant effect in the
German area, in the Mediterranean countries and in the Rest of the World. It appears as a
robust finding in these groups that the transfer payments indeed tend to decrease the size
of the shadow economy. Their role is, however insignificant in the Nordic countries and in
the Rest of Europe, but perhaps for different reasons. Instead, the government consumption
tends to increase the shadow activity in those two country groups. Lastly, we note that the
shadow economy is increasing in the crime rate in the North whilst it appears to be decreasing
in the crime rate in the Rest of the World. The former might be due that an increase in
the crime rate truly reflects increased crime, whilst the latter might reflect increased crime
reporting and/or probability of getting caught.

The opportunity cost of holding money has lost much of its importance in the latter
period. This could be the indication that as the official economy has gained more options
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for the means of payments, the currency has gone more underground.
Table 5: Group estimates in the second regime 1992-2003.

GER PN CS RoE RoW
Causes

α t-stat α t-stat α t-stat α t-stat α t-stat
τ 0.10 2.12** 0.21 3.81* 0.20 4.75* 0.32 4.18* 0.24 5.45*
δ -0.23 -4.68* -0.15 -1.53 -0.14 -2.18** -0.12 -1.32 -0.12 -2.41**
g 0.06 1.22 0.13 2.10** 0.03 0.62 0.27 2.96* 0.11 1.60
k 0.02 1.32 0.04 1.85† 0.03 1.10 -0.03 -1.47 -0.05 -2.41**
r 0.05 0.44 -0.17 -1.65† -0.18 -3.41* -0.06 -0.61 -0.15 1.89†

Direct effects
γ t-stat γ t-stat γ t-stat γ t-stat γ t-stat

on currency
by r -0.54 -1.26 0.05 0.25 -0.22 -1.98** -0.30 -0.99 0.10 0.79
on labor force
by δ 0.01 0.14 -0.22 -1.81† -0.01 -0.13 -0.21 -3.42* -0.08 -1.76†

by g -0.06 -1.49 0.20 2.23** 0.06 0.65 0.17 2.98* 0.07 1.12
by r -0.14 -1.39 -0.25 -2.46** 0.00 0.00 0.02 0.34 -0.10 -1.42

Our results appear to contradict those of Alm and Torgler (2005) who suggest that
southern Europeans have lower tax morale than the Northern Europeans. In the latter
period, the estimated coefficients of the tax variable are virtually the same. Yet, the tax
morale, however, seems to differ somewhat across the group of countries, being the worst in
the Rest of Europe.

Comparing our pooled results with our grouped results, especially with regard to the
public sector variables, we find that pooling is inappropriate. For example, in the first
regime the coefficient of transfer payments variable varies from -0.13 to -0.44, whilst the
pooled estimate is -0.25. Clearly the pooled estimate is a bad approximation for the German
region and for Mediterranean countries. When calibrating the size of the shadow economy,
these differences may severely distort the results obtained. This is true for other variables
as well.

Lastly, based on our results we can argue that the regime is an important aspect when
analyzing the evolution of shadow economy. There are significant changes in the parameter
estimates when moving from one regime to another. For example, in the case of the Nordic
countries, the transfer payments are significant in the first period but insignificant in the
latter. The change in the parameter estimates is remarkable in absolute value. There are
similar differences between regimes for other country groups as well.

4 Final Remarks

The econometric results provide support for the proposed causes of shadow economies. Tax-
ation, government consumption and social security variables (transfer payments) were all
found significant. As a policy implication, this finding suggests that an increase in the size
of the public sector with the high tax burden has side-effects: hidden economy expands.
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Such an implication provides support for the view that by controlling the tax burden, tax
competition also creates brakes for shadow economies while the tax harmonization may have
the opposite effect. The significant negative coefficient of the state transfer variable points
to the possibility that the transfers might operate like a bribe on people, persuading them
out of the shadow economy. On the other hand, our evidence on tax morale suggests that
its effect on hidden economy has increased. We take this as an indication of worsening on
tax morale. The econometric success with the crime rate as the proxy of morale in control of
the shadow economy was, however, limited. Moreover, also the opportunity cost of money
has an impact on the shadow economy.

If one was to calibrate a tentative index on the size of the shadow economy based on our
results, it would be apparent that three important empirical results are found in this paper.
Firstly, direct effects are significant. Secondly, pooling is clearly wrong and thirdly, regime
switches are important. In line with Breusch (2005a,b) we conclude that calibrating the
index to the size of the shadow economy is hazardous as there are many sources for errors.

18



A Data Definitions

Table B1 lists the variables used in this study. The definition in column 3, is the shortened
name of the variable, which is referred to at the text. Column 2 "Transformation" explains
the operations and transformations that were executed. Column 4 "Source" defines the
primary source of the data.

Table B1: List of the variables and their sources.
Variable Transformation Definition Sources
p Inflation rate per annum OECD
r log (1 + r) Short-term market interest rate OECD
x d log

(
GDP
s
/pop

)
Real GDP per capita OECD

m d log
(
m
P
/pop

)
Real Currency in circulation, per capita OECD/IMF

l d log (l) Labour force participation rate OECD
t d log (t) Transfer payments14 OECD
g d log (g) Goverment consumption OECD
τ d log (τ) Tax revue (direct + indirect) OECD

k d log
(
k
pop

)
Crime rate Many15

GDP Nominal gross domestic product OECD
pop Population of country OECD
P Consumer price index OECD
s GDP deflator OECD

B Description On Fit-Indices and Elimination of Direct Ef-

fects

The χ2 -test suggests a good fit if the p-value is larger than 0.05. The contrary is true for
the baseline model comparison χ2 -test. The χ2 -test statistic is affected by factors, such as
the sample and the model sizes. Hence we also report TLI (Tucker-Lewis Index) test, which
tests the null of no latent variables against the alternative of latent variables existing. The
conventional cutoff value for TLI has been 0.9 and it is relatively unaffected by sample size
(Bollen 1990). The interpretation of CFI (Bentler’s Comparative Fit Index) is similar to that
of TLI but it appears to be affected by the sample size as well as non-normality of the data.
SRMR values smaller than 0.05 indicate that the fit of the model is good.

To identify the model and the parameter estimates, we resort to the perceived economic
theory as much as it is off guidance. Therefore, we choose to assume that direct effects from
the crime rate on our indicator variables are zero. We impose the restriction β1 = 1, which
suggest that an increase in shadow economy increase real GDP per capita, both in growth
terms. To summarize, we begin to identify our model by imposing restrictions γj4 = 0 for
j = 1, 2, 3, β1 = 1. Then identifying the "true" model we proceed as follows.

First, we test the direct effects from our four remaining cause variables at the labor

14 Missing observations for Switzerland.
15 See SourceOECD, European Sourcebook of Crime and Criminal Justice Statistics 2003 and national

Bureaus of Statistics.

19



force participation rate. It appears that all of them, with the exception of the tax variable,
are significantly different from zero. Hence, we drop the tax variable and re-estimate the
model. The next step is to estimate the direct effects on GDP. We thus add four cause
variables on the equation of the GDP-variable and re-estimate. All direct effects turn out to
be insignificant. We drop them one by one until they have all been removed from the model.
Lastly, we add the direct effects on the money. The direct effect of the interest rate variable
on the money appears significant, as also suggested by monetary theory hence we keep it.
Most interesting, no evidence, however, is found to support the view that the tax morale
differs between the Catholic South and Protestant North in Europe. This suggest that homo
oeconomicus and homo moralis are more similar across populations than often believed.
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