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Abstract

Modelling corruption explicitly in this paper produces changes in
the predictions about how taxes a¤ect the size of the "underground",
non-market, or shadow, economy. Instead of inducing shifts towards
the non-market good as in standard models without explicit corrup-
tion, here government tax increases raise the value of the corruption
services and increase their use, without tending to cause an increase
in the size of the shadow sector. These features conform to evidence
on tax rates, corruption, and the size of the shadow economy, making
a contribution relative to conventional models. Here a representative
agent buys the corruption services and provides labor in the corrup-
tion sector. The agent acts within an endogenous growth neoclassical
monetary model in which cash-only is used to buy the non-market
good, while credit also can be used to buy the market good. An in-
crease in in�ation raises the price of the corruption service, reduces
the non-market good consumption, and tends to lower the balanced-
path growth rate by more than in conventional models. The e¤ect of
an increased preference for the non-market good, which is interpreted
as in increase in corruption, has an ambiguous e¤ect on the growth
rate.
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1 Introduction

Consensus exists on some of the features that characterize underground

economies. Less taxes are paid to the government from the underground

sectors as compared to the rest of the economy, on a per unit of output

basis. Corruption appears to be integral to the functioning of underground

economies. And cash seems to be used more in the underground economy

than in the regular tax-paying economy. Further this sector has been esti-

mated to be rather large: Schneider (2000) reports that the shadow output

equals 39% of the actual magnitude of reported GDP in developing coun-

tries, 23% in transition countries and 14% in OECD countries; and the labor

force, as a percent of the o¢ cial labor force, is estimated to be about 50% in

developing and transition countries and 17% in OECD countries (Schneider

and Enste, 2000, and Schneider, 2003).

Empirical relations have been presented on the correlation of the under-

ground economy with taxes. For example Johnson, Kaufman and Zoido-

Lobaton (1998), Piggott and Whalley (1996) and Moe (2004) suggest that

tax rates an the size of the shadow economy move together. And Piggott and

Whalley (2001) argue this positive relation in a case example of Canadian

tax rate changes. These interpretations of the evidence matter because the

models such as in Moe proceed to attempt to explain the data. In particular

the standard as in Moe�s labor only model is that an increase in the tax rate

induces the agent to reallocate resources towards the untaxed non-market

sector and away from the market sector, causing the size of the non-market

sector to increase. This approach makes perfect sense if in fact the evidence

does indicate such a relation and if in fact the non-market sector is untaxed.

A careful look at the most internationally standard measures of tax rates

(International Financial Statistics) and corruption (Transparency Interna-

tional Corruption Perceptions Index) does not support the positive relation

between tax rates and the size of the shadow sector.
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1.1 Evidence on Tax Rates and the Size of the Under-
ground Economy

If the size of the underground economy was bigger the higher is the average

tax rate, then the standard line of reasoning suggests that high tax countries

would tend to have the largest shadow economies and would be the most

corrupt; low tax countries would have the smallest shadow economies and

be the least corrupt. For example, a priori high-tax Sweden would be ex-

tremely corrupt. However its transparency ratings from the Transparency

International Corruption Perception Index (TICPI) indicate it as one of the

least corrupt. Russia with its 13% income tax should be one of the least cor-

rupt countries; it typically appears in the ratings as one of the more corrupt

countries. These may appear to be two outliers but it may also be that tax

rate levels, the size of the market economy and corruption do not all move

together.

Consider Figure 1. This illustrates the fact (Fact 1) that tax rates are

not correlated with the size of the shadow economy. It shows that for the

OECD, the e¤ective personal income tax rate is not correlated with the

shadow economy size.

Figure 1. OECD: Shadow Size and Personal Tax Rates
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R2 = 5E-06
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The lack of a positive relation can also be seen in the correlation graph for

the whole sample of countries, including Latin America, Asian and transition
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countries as well as the OECD, where the relation actually looks negative.

Figure 2. Full Sample: Personal Tax Rates and Shadow Economy Size

y = -0.3104x + 28.085
R2 = 0.0947
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Figures 3 and 4 illustrate that the corporate tax rates also have no obvious

relation to the shadow economy size, for both industrialized countries and

the full sample.

Figure 3: OECD Corporate Tax Rates and Shadow Economy Size

y = -0.0742x + 21.513
R2 = 0.0054
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Figure 4: Full Sample: Corporate Tax Rates and Shadow Economy Size

y = -0.0213x + 23.222
R2 = 0.0002

0

10

20

30

40

50

60

0 10 20 30 40 50 60

Tax Rate, Average Corporate (2002)

S
h

a
d

o
w

 e
c
o

n
o

m
y
 s

iz
e

The correlation fact (Fact 2) that does emerge, rather than a positive

correlation between the tax rate and the shadow economy size, is that as the

corruption perception increases the shadow economy size increases. To see

this, �rst note that the most widely used corruption index, the Transparency

International Corruption Perceptions Index TICPI is inversely related with

the degree of corruption that is thought to exist. Figures 4 and 5 show that

for the OECD and the full sample, as transparency falls and corruption rises,

the size of the shadow economy increases.

Figure 5. OECD: Corruption and Shadow Size

y = -0.2193x + 11.151
R2 = 0.5565
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Figure 6: Full Sample Corruption and Shadow Economy Size

y = -0.161x + 9.6522
R2 = 0.4736
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These two facts, the lack of a tax rate relation in Figures 1-4 and the

positive corruption and shadow economy size in Figures 5 and 6, together

suggest that it can not be inferred that tax rates, corruption and shadow

economy size all move together. Instead it is warranted to view the corruption

activity as a separate entity linked to the shadow economy, but not necessarily

to tax rates; this is an marked change that can e¤ect how the economy is

modelled.. For, in contrast, standard models engineer a non-market sector

(the shadow economy) that expands as the tax rates rise, and corruption

typically is made equivalent to the size of the non-market sector.

Other facts also need to be considered in attempts to improve the mod-

elling of such phenomenon. Evidence shows what might be called Fact Num-

ber 3: tax revenues as a percent of GDP do fall some as the size of the shadow

economy rises; also relatedly, Fact Number 4: it appears that these revenues

rise as transparency increases, as in Figures 7 and 8.
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Figure 7. Full Sample Shadow Economy Size and Revenues

y = -0.2781x + 31.39
R2 = 0.1006

0

10

20

30

40

50

60

0 10 20 30 40 50 60

Tax Revenues, Collected (% of GDP) (2001)

S
h

a
d

o
w

 E
c
o

n
o

m
y
 s

iz
e

Figure 8: Full Sample Transparency and Revenues

y = 0.1015x + 2.8447
R2 = 0.2396
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A �fth correlation Fact is o¤ered for consideration. For personal tax rates,

although not for corporate tax rates, the tax rate rises with the degree of

transparency, or lack of corruption. This can be seen for the full sample in

Figures 9 and 10.
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Figure 9. Full Sample Transparency and Personal Tax Rates
y = 0.1314x + 3.7643

R2 = 0.2974
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Figure 10. Full Sample Transparency and Corporate Tax Rates

y = -0.0351x + 7.2055
R2 = 0.0088
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The relation between tax rates and transparency is the only "fact" this

paper will not explain, leaving it to discussion of an optimal tax policy in the

face of certain corruption. The model also will not explain the existence of

the corruption tendencies in themselves, leaving a more endogenous expla-

nation as a possible extension. Here the taste for corruption comes from the

preference parameter for the non-market sector in which all taxes are evaded.
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1.2 Modelling Approach to Explain Four Correlation
Facts

The approach follows Becker (1965), Piggott and Whalley (2001) and Par-

ente, Rogerson and Wright (2000) by using the market/non-market approach

However in contrast to previous work, the corruption sector is modelled as a

production activity that provides the service of tax evasion in the non-market

sector. This service is competitively o¤ered by an "Islands Government" at a

certain market determined price per unit of taxes being evaded, and produced

using a labor only technology. These services are for labor income, capital

income, and/or goods VAT tax evasion. And the Islands Government can be

thought of as collecting the fees for the corruption service in a way parallel

to how the constitutional government collects taxes in the market sector.

Because of the price of the corruption service depends endogenously on the

tax rates of the constitutional government, in equilibrium it is found that a

rise is legal tax rates drives up the price of the corruption service. This is

why substitution does not readily take place towards the non-market sector

when taxes increase, establishing a relation as in Fact Number 1.

Instead, corruption activity increases, in terms of the quantity of output

of the corruption services, as the government tax rates increase. This happens

because of the movement up a supply schedule to a higher output and higher

marginal cost as the market price of corruption rises, even as the size of

the shadow sector does not unambiguously tend to rise. This increase in

corruption activity as government tax rates rise is not shown directly in the

correlation evidence displayed above, since the transparency index indicates

only a feeling about how corrupt is an economy in general, rather than being

about the quantity of such corruption activity speci�cally. However within

this set-up of the model Fact 2 emerges: if the taste for the non-market

good increases, which in the model is like a greater taste for corruption, then

there is a larger non-market sector in equilibrium. Thus the size of the non-

market sector can be shown to rise with the preference for corruption. This

establishes Fact Number 2.

If the legal tax rates do rise, it is still true in the economy that revenues
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as a percent of GDP go down, despite the fact that there is not substitution

towards the non-market sector from the market sector. This seeming paradox

is easily explained: the tax rates induce less consumption of both market and

non-market goods so that, even with a slight shift towards the market good

from the non-market good as legal taxes increase, the revenues still fall as a

percent of GDP; this establishes in the model Facts Number 3 and 4.

One other key empirically consistent ingredient is to make the economy

an exchange economy so that the shadow sector can use cash heavily while

the market sector has less such reliance. Credit use typically leaves a "pa-

per trail" that can be incriminating and so is often avoided in the shadow

economy (Dabla-Norris and Feltenstein 2003, Faal, 2003). In the model this

implies that the in�ation tax will e¤ect the shadow sector for the worse as

compared to the market sector.

The last important ingredient is to bring out the growth implications.

Here evidence between corruption and growth is mixed. The model in-

cludes Lucas (1988) endogenous growth within the monetary setting, and

here the e¤ect of corruption on growth is in general ambiguous. Altogether

the economy is an extension from Gillman and Kejak (2005) to include the

non-market sector and to include an explicit corruption service sector. The

�nancial intermediary sector, which supplies the exchange credit that serves

as an alternative to money, is also made explicit here in a further extension

to previous work.

1.3 Implications of the Modelling Approach: In�ation,
Growth Rates and Income Di¤erentials

With the model devised so as to meet the �rst three correlation facts above,

the idea is that the model is properly gauged and can weigh-in better on

related issues, such as the balanced-growth path e¤ects of corruption, of the

size of the shadow economy, and of in�ation within such an economy.

A use of more cash suggests a heavier burden of the in�ation tax in

economies with bigger underground economies. An increase in the in�ation

rate causes a shift towards the market good and away from the underground
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sector. With endogenous growth in this framework, in�ation rate increases

will tend to lower the growth rate as in more standard economies, but here

the negative e¤ect will be even bigger because of more cash reliance.

The balanced-path growth rate is also a¤ected by higher legal tax rates

and by a greater preference for the non-market good. Higher legal taxes tend

to lower the growth rate as in the standard results, but there are con�icting

a¤ects from increasing the preference for the non-market good. Less time is

used in avoiding the in�ation tax through credit production if the non-market

good becomes favored over the market good. While at the same time, more

time is used in corruption service provision with a greater preference for the

non-market good. The balance of these con�icting time reallocations, the �rst

freeing up time and the second using up more time, make it ambiguous as to

what happens to time allocated to leisure and to human capital accumulation.

If the leisure time ends up rising, the human capital accumulation time tends

to fall, and the growth rate falls. But if there is less leisure and more human

capital investment time, then the growth rate rises. And so it depends on

the assumed e¢ ciency of time in the credit production sector relative to the

corruption services sector, as to whether the growth rate rises or falls because

of a greater taste for corruption activity.

The paper also implies results related to the Rogerson, Parente and

Wright (1999, 2000) income di¤erentials. In particular that these can be ex-

plained within the endogenous growth setting by using di¤erent productivity

parameters for the human capital investment technology, rather than using

di¤erent Parente and Prescott (1994) parameters on the cost of new capi-

tal investment. The switch to introducing di¤erences in the cost of capital

in terms of the human capital accumulation process instead of the physi-

cal capital accumulation process follows the literature of Schultz (1964) and

Lucas (2002) that emphasizes the return on human capital in explaining a

transition from developing to developed economies.

The results are shown through an analytic solution to the economy in

the case of no physical capital in Section 3, and through the calibration and

simulation of the full economy, in Section 4. Discussion and quali�cations

appear in Section 5. The next Section 2 presents the representative agent
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economy.

2 The endogenous growth monetary economy

Notation is summarized in Table 1. The non-market good is combined with

the market good in a constant elasticity of substitution fashion. As in Par-

ente, Rogerson and Wright (2000), let the market consumption good be de-

noted at time t by cmt; and the non-market good by cnt. The aggregate

consumption good is denoted by ct, and with � and " utility function para-

meters, it is given to the representative agent as the following combination

of market and non-market goods

ct = [�c
"
mt + (1� �) c"nt]

1=" : (1)

2.1 The Representative Consumer Problem

The consumer has a preference for both the market and the non-market

goods, as well as leisure, denoted by xt. With parameters � and " determining

the relative preference for the market versus non-market good, the current

period utility function is given by

ut = ln
�
[�c"mt + (1� �) c"nt]

1="
�
+ % lnxt (2)

2.1.1 Capital and time allocation, and human capital investment

The consumer rents labor and capital for use in the production functions of

the market and non-market goods. Let the shares of the physical capital

stock in each sector be denoted by smt, and snt where

smt + snt = 1: (3)

The agent accumulates physical and human capital, denoted by kt and ht;

using household production of the human capital investment, denoted by _ht;

with a constant returns to scale function in only e¤ective labor, as in Lucas

(1988), where the e¤ective labor is the raw labor multiplied by the human
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Table 1: Notation

Symbol De�nition
cmt market consumption good
cnt non-market consumption good
yct aggregate consumption good
ht human capital
iht household
kt physical capital
smt market good
snt non-market good
lmt market labour allocation
lnt non-market labour allocation
lFt labour allocated to credit sector
xt leisure
yet exchange
ct consumption good
mt real modney
dt real credit
Vt lump-sum transfer to consumers
at fraction of output bought with money
sht human capital good
Mt nominal money
Pt price level
dt demand for credit

capital stock. The real prices of the e¤ective labor and capital are denoted

by wt and rt:

Let the raw labor allocations to the same sectors be given by lmt, lnt, and

lht, with the labor allocated to the credit (exchange �nance) sector and to

leisure denoted by ldt and xt, respectively. There is also labor time used in

the corruption activity of the Islands government, in each the labor, capital

and goods corruption activities, summarized by lit = llt+lkt+lct. This makes

the Beckerian (Becker, 1965) allocation of time constraint

lmt + lnt + lht + lFt + xt + lit = 1: (4)
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The human capital investment production function with Ah > 0 is given

by

_ht = Ahlhtht � �hht: (5)

The consumer receives capital and labor income from working in the

sectors of the market good and the non-market good, and receives labor

income from working to provide the Islands corruption service; plus their are

the receipts of the lump sum transfer from the government Vt and the return

of pro�t (kickbacks) from the Islands corruption service �ctPt. Expenditures

are made on the market and non-market good plus physical, money stock,

and bond investments. Also the consumer using the non-market sector must

pay a fee to the corruption government proportional to the quantity of the

corruption services demanded in each of the the corruption government�s

three sectoral outputs: taxes avoided on the non-market labor income, taxes

avoided on non-market capital income and taxes avoided on the sales of the

non-market goods. These fees are prices denoted respectively by plt; pkt;

and pct: Explicit tax rates by the constitutional government on labor income,

capital income, and sales of output are denoted by � l; � k; and � c: Also the

consumer earns net interest as a residual transfer from the credit supply �rm

by using credit instead of money for some portion of the goods purchases, and

investing these credit funds in bonds over the period; denote this interest in

real terms as �dt: The consumer can also directly buy long-term goverment

bonds denoted by Bt and earn the nominal interest rate of Rt; while �t � _Pt

denotes the in�ation rate.

The resulting current income budget constraint is

0 = (1� � l)wtlmtht + (1� � k) rtsmtkt � (1 + � c) cmt + Vt=Pt

+wit(llt + lkt + lct) + (1� plt� lt)wnthtlnt +�lt=Pt

+(1� pkt� kt) rnt (1� smt) kt +�kt=Pt

�(1� pct� ct)pntcnt +�ct=Pt

��kkt � �tmt + (Bt=Pt)(Rt � �t) + �dt:

(6)
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2.1.2 Exchange

The goods output forms an input into the Becker (1965)- type household

production of each of the two consumption good cmt and cnt. The goods

used as an input for producing the consumption goods are denoted by ycmt
and ycnt . The other input is exchange, denoted by yemt and yent, which

enters the production function fc(�)

cmt = fc(ycmt; yemt); (7)

cnt = fc(ycnt; yent) (8)

The production function for the consumption good is assumed to be Leon-

tie¤, whereby the isoquant ray from the origin has a slope of one. This

implies, where the relative price of the inputs is between zero and in�nity,

that

cmt = ycmt; (9)

cmt = yemt; (10)

cnt = ycnt; (11)

cnt = yent: (12)

The exchange in turn is produced using two inputs: real money balances,

denoted by mt , and real credit, denoted by dt. These inputs are perfect

substitutes. Let Pt denote the nominal price of the market good, with it

serving as the numeraire. Then the total exchange value is given by

ycmt + (Pnt=Pt) ycnt = mt + dt: (13)

Real money balances are de�ned as the nominal money stock, denoted

by Mt , divided by the nominal price of goods output, denoted by Pt;

mt � Mt=Pt. The initial nominal money stock M0 is given to the con-

sumer. Additional money stock is transferred to the consumer exogenously

in a lump sum fashion by an amount Vt. The consumer buys some fraction of
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the output goods with money, and the rest buys with credit. Let at 2 (0; 1]
denote the fraction of output goods bought with money.1 Then the agents

demand for money is constrained to be this fraction of goods purchased. In

real terms,

mt = atycmt + (Pnt=Pt) ycnt; (14)

which by substitution from equation (9) gives a Clower (1967)-type constraint

of

mt = atcmt + (Pnt=Pt) cnt; (15)

or in nominal terms,

Mt = atPtcmt + Pntcnt: (16)

Credit demand is the residual fraction of output goods purchases. In real

terms,

dt = (1� at)ycmt; (17)

or substituting in from equation (9) gives that

dt = (1� at)cmt; (18)

where ct can be viewed as the scale factor of a derived demand for the input.

2.2 Financial Intermediary Problem and the Exchange
constraint

There exists a �nancial intermediary called MerrillAmex, or MA for short.

MA takes the income supplied by the consumer, which is intended to pay for

the credit purchases at the end of the period, and invests this in short term

government bonds called Tbills. MA also supplies credit to the consumer

that is acceptable at the store where the consumer buys the goods, but the

credit supply involves the use of real resources, labor and capital, as they

1An equilibrium with a = 0 does not have well-de�ned nominal prices.
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enter a production function for the credit supply. The consumer receives

interest back on the income deposited in MA, but this interest is less than

the nominal interest rate earned on the bonds because of the cost of the

credit supply (bond purchasing by MA is assumed to be costless). The

amount of bonds purchased exactly equal the amount of credit to be used

for transactions during the period, an equilibrium essentially that of Tobin�s

(1956) contribution to the Baumol-Tobin model of the transactions demand

for money.

The market organization of the �nancial intermediation follows that of

Berk and Green�s (2004) partial equilibrium model of investment fund inter-

mediation (rather than credit supply intermediation), as well as Canzoneri

and Diba�s (2005) focus on the interest di¤erential that results when bonds

back up transactions. Berk and Green assume that the agent knows the

cost structure of the intermediary and how demand will a¤ect costs, and

that the result is competitive, marginal cost, supply and zero pro�t. More

formally, for the general equilibrium setting, it is necessary to be explicit

about the industrial structure. We will assume that the consumer acts as

a monopsonist buyer of the credit-cum-bond service, and that the interme-

diary acts as a monopolist seller of this service. In such a bargaining game

any outcome is possible and it will be assumed that the competitive outcome

results, in which the consumer knows how the cost structure is a¤ected by

credit demand. Thereby the consumer chooses the amount of credit to use

in transactions (and residually the amount of cash to use in transacations)

knowing that there is a rising marginal cost of credit use facing MA. In

turn MA sets the marginal cost equal to the marginal revenue, setting the

competitive supply, and demand, in the credit market.

In Canzoneri and Diba, the consumer uses credit for transactions with

bonds backing up the credit use, similar to Tobin (1956) and related to Banzil

and Coleman (1996). Canzoneri and Diba emphasize the interest di¤erential

that results if the credit intermediation is costly, although they use an ad hoc

transactions cost approach, broadly related to the transactions cost approach

also used in Banzil and Coleman. Here a very similar interest di¤erential

results, but it derives from MA�s pro�t maximization problem, more as in
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Berk and Green.

MA receives the bond interest from the investment in Tbills, in the

amount of the credit volume d; and has costs from supplying the credit via

a production function that uses e¤ective labor ldtht and capital kdt: With

Rt denoting the nominal interest rate, this competitive pro�t maximization

problem can be written as

Max
dt;ldt;kdt

�dt = Rtdt � wtldtht � rdtkdt; (19)

subject to a production function for dt; as speci�ed below.

Such pro�t is returned to the consumer as the interest earned on the bond

investment that "backs up" the credit, net of the cost of resources used up

in supplying the credit, through the intermediary credit production function.

More generally, with the zero pro�t condition requiring that MA pay to the

consumer the interest net of costs, denoted by R�tdt � �dt; the zero pro�t

equilibrium condition can be written as

0 = ��dt = (Rt �R�t ) dt � wtldtht � rdtkdt: (20)

Note that the condition for a positive net interest earnings, of R�t = �dt=dt >

0; depends on the production function for credit services.

Consider assumption of the following production speci�cation�
dt
cmt

��
cmt = (1� at)

� cmt = Âd (ldtht)
 k1� dt ; (21)

where � � 1:With � = 1; the CRS form of producing dt results and so R�t =
0:With � > 1; pro�t �dt is positive and R�t > 0: The � parameter determines

the curvature of the marginal cost schedule. Solving for dr from equation (21)

and substituting into the pro�t maximization problem in equation (19), and

taking the �rst-order conditions with respect to the remaining variables ldt
and kdt; the intermediary�s problem is fully stated.

De�ning 1=(1+2) �  (and 2=(1+2) � 1� ); and Ad �
�
Âd

�1=�
;

then � = [1=(1 + 2)] and the share 1� at can be written as

1� at = Ad(ldtht)
1k

2
dt c

�1�2
mt (22)
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The model is here simpli�ed by assuming no capital in the production of

the credit, for ease in the later computation of the model. Assume only labor

in the production and no capital while de�ning  � 1; so that

1� at = Ad(ldtht)
c�mt : (23)

The interest di¤erential Rt�R�t now is determined solely by ; in that R�t =
(1 � )Rt; and Rt � R�t = Rt: So if there is a 6% nominal interest rate in

short term treasury bills, and =0.25, then R�t=(0.75)(6.0)% = 4.5%. And

the interest di¤erential is the 1.5%. This 1.5 can be re�ned by using data

of the mutual fund industry. The di¤erential empirically seems to range

between 1 to 2%, so the example above is reasonable.

Substituting into equation (16) for at from equation (23), the money

and credit constraints can be written in a combined fashion as the following

"exchange" constraint:

Mt =

�
1� Ad

�
ldtht
cmt

��
Ptcmt + Pntcnt: (24)

Then the consumer�s choice of how much labor to supply to the intermedi-

ary�s credit production process, ldt; in turn determines the consumer�s choice

of how many real dollars in credit funds, equal to dt; to supply to the inter-

mediary in order to earn interest during the period. And residually this also

determines the amount of Baumol-Tobin cash to hold in equilibrium.

2.3 Market and Non-Market Goods Producer Prob-
lems

The output of the market and non-market goods, denoted by ymt and ynt;

are each produced by a representative �rm using CRS technologies in capital

and e¤ective labor. With Am > 0; An > 0; � 2 (0; 1); and � 2 (0; 1); the
production technologies are

ymt = Am (smtk t)
� (lmtht)

1�� ; (25)

ynt = An (sntk t)
� (lntht)

1�� : (26)
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It is assumed that the output of the non-market sector is equal to the

consumption of the non-market sector good. This means that output of the

non-market good cannot be used to �nance investment in the market sector.

The assumption is required in models like this since otherwise, if output from

either sector could be used to �nance the investment, then all output would

take place in only one of the sectors, which ever was the lower cost one.

Instead the assumption is that

ynt = cnt: (27)

This yields a social resource constraint equivalent to that in Parente, Roger-

son and Wright (2000).

The �rm that produces each the market good and the non-market good

face no government taxes nor corruption service fees because these are as-

sumed to fall on the consumer. Thus the standard marginal productivity

conditions, with pnt � Pnt=Pt; result from the �rst-order conditions of the

�rms pro�t maximization problems

wt = (1� �)An (smtk t)
� (lmtht)

�� ; (28)

rt = �An (smtk t)
��1 (lmtht)

1�� ; (29)

wt = pnt (1� �)An (sntk t)
� (lntht)

�� ; (30)

rt = pnt�An (sntk t)
��1 (lntht)

1�� : (31)

2.4 Government Budget Constraint

The agent faces proportional taxes on the labor, capital and goods in the

market sector, � l; � k; and � c; and receives from the government a nominal

lump sum transfer of the tax revenue denoted by Vt. Also the government

can supply new money through open market operations in which it buys

nominal bonds, denoted by Bt; and pays nominal interest on the bonds of

Rt: The government budget constraint is given by

Vt = � lwtPtlmtht + � krtPtsmtkt + � cPtcmt + _Mt + _Bt �BtRt: (32)

It is assumed that the money supply grows at a constant rate of �
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_Mt = �Mt: (33)

In real terms, dividing equation (33) by Pt implies that the government�s

investment rate in real money is the supply growth rate minus the in�ation-

based deprecation of _Pt=Pt � �

_mt = (� � �)mt: (34)

De�ning Bt=Pt � bt; then ( _Bt�BtRt)=Pt = _bt� bt(Rt� �t); and the govern-
ment constraint in real terms is

Vt=Pt = � lwtlmtht + � krtsmtkt + � ccmt + _mt + �mt + _bt � bt(Rt � �t): (35)

2.5 Islands Government Production Problem

The Islands government produces the corruption that is necessary to enable

the consumer to avoid paying explicit labor, capital and goods taxes when

supplying labor or capital to the non-market sector, or when buying the non-

market good. In particular the Islands government provides the service of

turning the labor income in the non-market sector into normal market-like

income, indistinguishable from income earned in the market sector. This is

like the protection service provided for labor supplied to the illegal sex indus-

try, gambling industry or other illegal industries. The Islands government

also provides the service of turning capital income in the non-market sector

into normal market-like income. This is like the money laundering service

of gambling houses, the non-disclosed bank service of certain national �nan-

cial industries, and other capital masking activities. In return the Islands

government charges corruption service fees of plt; and pkt; that act as prices

per unit of the value of the service rendered. These prices can vary indepen-

dently of each other and in general are not equal. There is also the service of

hiding �nal sales so that the valued-added tax does not have to be paid on

goods bought in the non-market sector. This is also a proportional fee and

is denoted by pct:

It is assumed that the quantity of corruption services in each of the three

corruption sectors is denoted as �lt; �kt; and �ct: The quantity �lt is equal to
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the value of the taxes on the labor income that is being earned in the non-

market sector, since the avoidance of the payment of these taxes is what the

corruption service accomplishes. This implies a Leontie¤ type assumption

for the production technology whereby a certain quantity of income does not

enter the rest of the economy unless it is combined with an equal quantity

of corruption services, in order to produce the consumable income. In other

words, it is a Beckerian (1965) household production technology whereby

the non-market labor income must be combined in Leontie¤ isoquant fashion

with a corruption service in order to produce useable income. Then non-

market income is added as part of the consumers total useable income. This

means that the corruption is a value-added service that turns the shadow

income into regular income, and

�lt = �nwntlntht: (36)

The other two quantities of corruption services are similarly given by

�kt = � krntsntkt; (37)

�ct = � cpntcnt: (38)

A labor-only production technology is assumed for each corruption service

sector. This production technology exhibits diminishing returns to the e¤ec-

tive labor per unit of non-market good. The three processes with ! 2 (0; 1)
are

�lt = Al (lltht)
! c1�!nt ;

�kt = Ak (lktht)
! c1�!nt ;

�ct = Ac (lctht)
! c1�!nt :

The Islands maximizes real per period pro�t, for each of the corruption

services that it supplies. Denoted as �lt=Pt; �kt=Pt; and �ct=Pt; the pro�t

maximization problems are

�lt=Pt = plt�lt � wtlltht; (39)

�kt=Pt = pkt�kt � wtlktht; (40)

�ct=Pt = pct�ct � wtlctht: (41)
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The resulting equilibrium demand for corruption labor, or the demand for

"thugs", comes from the �rst-order conditions

plt = (wtlltht) = (!�kt) � wtht=MPll ; (42)

pkt = (wtlktht) = (!�kt) � wtht=MPlk ; (43)

pct = (wtlctht) = (!�ct) � wtht=MPlc : (44)

These imply that the relative corruption fee prices are equal to the marginal

factor cost wt divided by the marginal product of labor, a standard marginal-

cost pricing equilibrium. They can be solved for the demand for the islands

government labor in each of its corruption service activites:

lltht =

�
plt!Ac
wt

�1=(1�!)
cnt; (45)

lktht =

�
pkt!Ac
wt

�1=(1�!)
cnt; (46)

lctht =

�
pct!Ac
wt

�1=(1�!)
cnt: (47)

The sum of the labor gives the total demand for corruption service labor, or

lit � llt + lkt + lct (48)

=

�
� c!Ac(ht=cnt)

!

wt

�1=(1�!) �
p
1=(1�!)
lt + p

1=(1�!)
kt + p

1=(1�!)
ct

�
: (49)

2.6 De�nition of Equilibrium

The consumer maximizes the utility function subject to the budget constraint

for the change in real wealth, the human capital investment constraint, the

exchange technology constraint, and the corruption production technologies.

Prices of outputs and corruption services, and the prices of factor inputs, are

taken as given by the consumer, the goods producer and the corruption pro-

ducer. The equilibrium includes the �rst-oder condditions of the goods and

corruption producers, the �rst-order conditions of the consumer, and money

market clearing. Substituting in the quantities demanded of the corruption

services for the �l; �k; and �c; the consumer�s current period Hamiltonian
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can be written as follows, with di¤erentiation with respect to cmt; cnt; xt; lmt;

lnt; ldt; lit; smt; mt; bt; kt; and ht :

H = e��t
h
ln
�
[�c"mt + (1� �) c"nt]

1="
�
+ % lnxt

i

+�t

26666664
(1� � l)wtlmtht + (1� � k) rtsmtkt � (1 + � c) cmt + Vt=Pt

+wit(llt + lkt + lct) + (1� plt� lt)wnthtlnt +�lt=Pt

+(1� pkt� kt) rnt (1� smt) kt +�kt=Pt

�(1� pct� ct)pntcnt +�ct=Pt

��kkt � �tmt + (Bt=Pt)(Rt � �t) + �dt

37777775
+�t [qt � (Mt=Pt)� (Bt=Pt)� kt] (50)

+�t [Ah (1� lmt � lnt � ldt � xt � lit)ht � �hht]

+�t

�
Mt � (1 + � c)

�
Ptcmt � PtAd

�
ldtht
cmt

�
cmt

�
� Pntcnt

�
:

A reduced set of equilibrium conditions is as follows.�
cmt
cnt

�"�1
�

1� �
=
1 + atRt + (1� at)Rt

pnt(1 +Rt)
; (51)

�c"�1mt

c"

%
�
1
x

� = 1 + atRt + (1� at)Rt

(1� � l)wtht
(52)

ct = [�c
"
mt + (1� �) c"nt]

1=" : (53)

Rt = rt (1� � k)� �k + �t; (54)

mt

cmt
=

�
at +

pntcnt
cmt

�
(1 + � c) ; (55)

1� at =

�
Rt(1 + � c)

wt(1� � l)

�=(1�)
A
1=(1�)
d ; (56)

(1� at) = Ad(ldtht=cmt)
; (57)

gt = r(1� � k)� �k � �; (58)

gt = Ah(1� xt)� �h � �; (59)
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gt = Ahlht � �h; (60)

gt = � � �t; (61)

lit =

�
� c!Ac(ht=cnt)

!

wt

�1=(1�!) �
p
1=(1�!)
lt + p

1=(1�!)
kt + p

1=(1�!)
ct

�
(62)h

Am (smtk t)
� (lmtht)

1�� =kt

i
= (cmt=kt) + gt + �k; (63)

wt = (1� �)Am (smtk t)
� (lmtht)

�� ; (64)

rt = �Am (smtk t)
��1 (lmtht)

1�� ; (65)

wt = pnt (1� �)An (sntk t)
� (lntht)

�� ; (66)

rt = pnt�An (sntk t)
��1 (lntht)

1�� ; (67)

pnt =
h
(1� �)Am (smtk t)

� (lmtht)
��
i
=
�
(1� �)An (sntk t)

� (lntht)
��� ;
(68)

lmt + lnt + lht + ldt + xt + lit = 1; (69)

3 Analytic Solution for Human Capital Only
Case

The economy with no physical capital can be solved analytically. This so-

lution is useful in that its comparative statics capture the essence of the

simulations for the full economy detailed below. The Hamiltonian can be

rewritten without physical capital as

H = e��t
h
ln
�
[�c"mt + (1� �) c"nt]

1="
�
+ % lnxt

i

+�t

266664
(1� � l)wtlmtht � (1 + � c) cmt + Vt=Pt

+wit(llt + lct) + (1� plt� lt)wnthtlnt +�lt=Pt

�(1� pct� ct)pntcnt +�ct=Pt

��tmt + (Bt=Pt)(Rt � �t) + �dt=Pt

377775
+�t [qt � (Mt=Pt)� (Bt=Pt)] (70)

+�t [Ah (1� lmt � lnt � ldt � xt � llt � lct)ht � �hht]

+�t

�
Mt � (1 + � c)

�
Ptcmt � PtAd

�
ldtht
cmt

�
cmt

�
� Pntcnt

�
:
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From the �rst-order conditions, and along the balanced-growth path, it

can be derived that the growth rate depends solely on the solution for leisure,

and the human capital sector�s productivity and depreciation parameters:

g = AH(1� x)� �H ; (71)

this dependence on leisure is standard in the Lucas (1988) model of economic

growth when leisure is also included in the utility function. The same equa-

tion holds in the Section 2 economy with physical economy as well. The

monetary setting a¤ects this basic relation only indirectly through the e¤ect

of in�ation on the amount of leisure that is used; in particular in�ation tends

to increase leisure and reduce growth, as focused on in Gillman and Kejak

(2005). A closed form solution results here by solving for leisure analytically,

and then the rest of the variables in the economy. Then comparative statics

on leisure, and hence growth, can be established. It is possible to see the

e¤ects of taxes on the size of the shadow sector, and on the economic growth

rate, and the e¤ect of increasing the preference for corruption.

Proposition 1 : An equal increase in the government tax rates raises the

price of the corruption services and causes an ambiguous e¤ect on the con-

sumption of the non-market good (Fact 1), and causes a decrease in the

growth rate.

Proposition 2: An increase in the preference parameter � for the non-

market good causes an increase in the consumption of the non-market good

(Fact 2) but an ambiguous e¤ect in general on the growth rate.

The standard negative e¤ect of in�ation on economic growth, in such

models without non-market sectors and corruption, carries through with the

non-market sector and corruption added.

Proposition 3 : An increase in the in�ation rate lowers the growth rate.

And also of interest is the growth e¤ect of in�ation when there is more

corruption:

Proposition 4: An increase in the in�ation rate causes a bigger decrease in

the growth rate, the bigger is the preference parameter � for the non-market

good:
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Finally an increase in productivity of the human capital sector is investi-

gated in that this a¤ects the growth rate and also can be viewed as related

to the cost of investment in a Parente, Prescott and Rogerson sense.

4 Full Economy Simulation

4.1 Benchmark Calibration

Standard values for the standard parameters were chosen: the share of capital

in the market sector, � = 0:36; physical and human capital depreciation rates,

�k = �h = 0:05, the discount rate, � = 0:04 and the risk aversion parameter

� = 1:5: The weight of leisure in utility function is set at � = 2:8 and yields

a leisure of x = 0:5 (in Parente et al. 2000 is x = 0:48) and productivity

parameter in human capital sector AH = 0:315, given a growth rate of the

economy of g = 0:02; here the money growth rate is � = 0:07, the in�ation

rate is � = 0:05, and the net nominal interest rate is R = 0:12. For the

values of the preference parameters for consumption, following McGrattan,

Rogerson and Wright (1997) and Parente et al. (2000), " = 0:5 and � = 0:6.

For the credit sector technology, the degree of diminishing returns is set at

 = 0:2 as based on the estimated value of this parameter that is found for

the US in the money demand estimation of Gillman and Otto (2003). The

credit productivity parameter is put at Ad = 0:75 to yield a share of cash in

transaction equal to a = 0:7 (as in Gillman, Kejak, 2005 and as is similar to

Dotsey and Ireland, 1996). The labor share in the corruption sector is set to

be the same as in the credit sector, at ! = 0:2 and the productivity parameter

here is assumed to be Ac = 1: The market and non-market sector use the

Cobb-Douglas production function with the capital shares � and �: The share

of capital in the non-market sector is set � = 0:1 (similar to Benhabib et.al.,

1991). The productivity parameters are Am = 1 and An = 0:1; a low value

for the non-market sector is necessary to obtain the negative e¤ect of higher

preference parameters on the growth rate in the range of a very low in�ation

rate.

The tax rates are set to � k = � l = � c = 0:15:
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4.2 The E¤ect of In�ation on the Economy: Growth
and Tobin

The �rst simulations presented in Figure 11a present the baseline parame-

terization, with the money supply growth rate � being increased up from the

Friedman optimum rate equal to the negative rate of time preference. The

top left �gure shows that the balanced-path growth rate falls at a decreasing

rate as � increases. This conforms to evidence studied in Gillman, Harris and

Matyas (2004) and as further described in Gillman and Kejak (2005). The

real interest rate falls as � increases, in the top row, middle, and does so in

a similar fashion to the balanced-path growth rate. Meanwhile the real wage

rate rises, in the top row, right, as there is less time spent in work activity

and more spent in leisure as � increases. Or the � increase can be viewed as

a nominal interest rate (R) increase, as seen in the middle row, left. The rise

in leisure from the higher shadow cost of goods, from a higher R; re�ects the

goods to leisure substitution and is seen in the middle row, left.

The rest of the allocation of time is a¤ected as well. Time spent in

human capital accumulation, middle row, right, falls as R increases, as do

time in goods production (bottom row, left), time in the non-market goods

production (bottom row, middle), and time in the corruption service sectors

(bottom row, left, and Figure 11b, top row, left and middle).
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Figure 11a. Baseline Simulations of Changes in the Money Supply Growth

Rate

The only time allocation that increases besides leisure is time spent in

credit production, as seen in Figure 11b, top row, right. Thus the avoidance

of in�ation increases time in non-in�ation-taxed leisure activity, and in non-

in�ation-taxed credit use, while reducing time in all activities that are taxed

by in�ation.

Capital reallocation is shown in Figure 11b, middle row, left. the share

of capital in the market sector rises, while the residual share in the non-

market sector similarly falls. This shows a reallocation towards the market

from the non-market sector as a result of �, and the in�ation rate, rising.

It results because the non-market sector uses only money in exchange, while

the market good can be bought with money or credit, so that the non-market

good is taxed more by in�ation than is the non-market good.

The next three simulations are of the e¤ect of � on the value, or the

price times the quantity of output, of the corruption service in each of the

three sectors, in the middle row, center, right, and the bottom row, left.
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Each shows a parabola shape in which the value of the corruption rises and

then falls as � increases. This can be because in�ation is like another legal

government tax which adds to the value of tax avoidance in general, through

corruption, at least up to some point. This occurs even while the non-market

output falls relative to the market output, as in the bottom row, center. And

it is a result of the rising real price of the non-market good, in the bottom

row, right, and the rising price of the corruption services, as given in Figure

11c, top row, left and center.
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Figure 11b. Baseline Simulations of Changes in �: Part 2

The absolute value of the non-market consumption relative to the human

capital level declines (middle row, left). While the market good consump-

tion relative to human capital rises initially but eventually falls (middle row,

center). This results as the substitution e¤ect is towards more market con-

sumption but the income e¤ect of the higher tax takes a toll and eventually

leads to a decrease in this ratio. The decline in the non-market consumption
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as a share of total consumption (middle row, right), and in the non-market

output as a share of total output (bottom row, left), con�rms this decrease

in the non-market sector because of in�ation.

The increase in the value of the credit services (bottom row, center) and

decrease in money demand per unit of output (bottom row, right) is the

standard result of increasing in�ation. Total real money demand, rather

than per unit of output, also falls with in�ation, as in Figure 11d, top row

left; and the value of credit production (price times quantity of output) rises

with in�ation.
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Figure 11c. Baseline Simulations of Changes in �: Part 3

Last, looking at the three sectors, corruption, market goods, and non-

market goods once again, the total output of the corruption sector rises and

then falls with � (top row, right), and the Tobin e¤ect emerges in the other

two sectors. The e¤ective labor to capital ratio rises in each sector as the

in�ation rate rises (bottom row, left and center). This is the standard Tobin
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e¤ect in the endogenous growth models with money and human capital: a

reallignment away from expensive labor towards less expensive capital as a

result of the increased in�ation distortion.
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Figure 11d. Baseline Simulations of Changes in �: Part 4

4.3 Increases in Taxes, Corruption, and Productivity

Three basic changes are made to the baseline economy: 1) tax rates are all

simultaneously increased (to 0.165); 2) the taste for corruption in increased

(to 0.5); 3) the human capital productivity increased (to 0.35). The results

are simulated below. In all graphs the horizontal axis variable is the money

supply growth rate.

4.3.1 An Increase in the Common Tax Rate

The experiment here is to increase the tax rate from 15 to 25% for all three

legal taxes, on labor, capital, and goods purchases in the market sector. The

dotted line in the simulations shows the e¤ect of the across-the-board tax

rate increase. Fact 1 is explained in Figure 12c below.

First it is clear in Figure 12a that the balanced-path growth rate declines

at all levels of the money supply growth rate � (top row, left). Similarly the

real interest rate falls (top row, center), the real wage rises (top row, right),
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leisure time rises (middle row, center), time in human capital investment falls

(middle row, right). There is some reallocation of time from the non-market

sector to the market sector (bottom row, left and center). This is due partly

to the higher value of the corruption service. It shows that there is not the

increase in non-market time that appears in models that do not model the

corruption sector explicitly. A stronger e¤ect is the increase of time in the

corruption sectors (bottom row, right; Figure 11b, top row left and center).
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Figure 12a. Simulations of an Increase in the Across-the-Board Tax Rate

from 15 to 25%.

The value of the corruption services rises signi�cantly as a result of the

legal tax increases (Figure 12b, middle row, center and right, bottom row,

left). This increases the relative price of the non-market good and decreases

the non-market output relative to market output (bottom row, right and

center).
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Figure 12b. Simulations of an Increase in the Tax Rate: Part 2

The higher value of the corruption services comes from the higher relative

prices of the services, as in Figure 12c (top row). And a higher value of

corruption also appears relative to total output, when adding up the value

of the output of the three corruption services, in Figure 12d, top row, right.
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Figure 12c. Simulations of an Increase in the Tax Rate: Part 3
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Figure 12d. Simulations of an Increase in the Tax Rate: Part 4
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4.3.2 An Increase in the Preference for the Non-Market Good

An increase in the parameter � causes a greater preference for the non-market

good relative to the market good. Fact 2 is explained in the Figure 13c below.

In Figure 13a (top row, left), the e¤ect on the growth rate for the calibra-

tion shows a steeper decrease in the growth rate as the in�ation rate goes up.

Here it is also seen that the level of the growth rate is higher at low levels of

the in�ation rates and lower at high levels of the in�ation rate. The changes

in the real interest rate, real wage rate, leisure time and time in human capi-

tal accumulation (study time) all re�ect the way in which the growth rate is

a¤ected. In Figures 13b and 13c, large changes occur to the time spent work-

ing in the market sector (a decrease), in the non-market sector (an increase),

and in the corruption services sectors (increases). Similar changes are found

for the market sector consumption versus non-market sector consumption;

see Figure 13c. And there is some increase in money demand and a decrease

in credit production, as in Figures 13d.
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Figure 13a. An Increase in the Preference Parameter � and for the

Non-Market Good.
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Figure 13b. An Increase in the Preference Parameter �: Part 2
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Figure 13c. An Increase in the Preference Parameter �: Part 3
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Figure 13d. An Increase in the Preference Parameter �: Part 4
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4.3.3 An Increase in the Productivity of Human Capital Invest-
ment

Figures 14a-d show that an increase in the productivity of human capital,

through an increase in the productivity shift parameter AH ; causes a realloca-

tion from time spent in the corruption service sectors and from market goods

production to time in human capital accumulation. This causes the growth

rate to jump up. The non-market good consumption ends up unchanged,

while market goods production falls. The fall in market goods production

leads to less real money demand and less real credit demand. The wage rate

is also higher, which can be part of an explanation of the di¤erent income

levels in less developed versus more developed countries: di¤erences in the

productivity of human capital.

0 0.5 10

0.05

0.1
Growth Rate of Output

g

0 0.5 10.1

0.2

0.3

0.4
real interest rate

r

0 0.5 10.5

1

1.5
wage rate

w

0 0.5 10

0.5

1

1.5
nominal interest rate

R

0 0.5 10

0.5

1
Leisure time

x

0 0.5 10.2
0.25

0.3
0.35

0.4
study time

lH

0 0.5 10.12

0.14

0.16

0.18
working time

Money Growth Rate

lM

0 0.5 10
0.05

0.1
0.15

0.2
time in informal sector

Money Growth Rate

lN

0 0.5 10.5

1

1.5 x 10 -4time in lab corr sec

Money Growth Rate

lL

Increased Hum Cap Productivity

Figure 14a. An increase in the Productivity Parameter for Human Capital

Investment, AH
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Figure 14b. An increase in the AH : Part 2
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Figure 14c. An increase in the AH : Part 3
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Figure 14d. An increase in the AH : Part 4
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5 Discussion

Results have been presented for a baseline calibration and for three exper-

iments in comparative statics, and these are consistent with the Facts 1-4.

What emerges is that the corruption sector leads to the seemingly counter-

intuitive result that an increase in legal tax rates does not induce an expan-

sion of the non-market sector relative to the market sector. This is because

the implicit tax on non-market income and good purchases must also be paid,

here as the price for the corruption services. Now the Islands government col-

lects these fees instead of the regular constitutional government. And these

shadow taxes, the competitive prices of these corruption services, go up in

market value when the legal tax rates are increased. The time in corrup-

tion activity also markedly increases, and time in human capital investment

decreases while leisure increases (and the growth rate decreases). Together

these factors induce the representative agent to work more in the market

sector and to substitute in consumption towards the market good from the

non-market good.

A greater preference for the non-market good is similar to a bigger taste

for corruption. The taste for a certain scope of corruption is thereby given

by preferences rather than endogenously determined. It is conceivable that

by putting capital into the production of corruption services, that a transi-

tional dynamics would arise whereby a country with too much corruption use

relative to the balanced-growth path equilibrium (as in the Russian and East-

ern European countries after the government changes in 1989-1990) would

gradually decrease its capital stock in corruption activity.

Taking the preference for corruption for now as given by the utility func-

tion speci�cation for the market versus the non-market good, the paper then

looks at the changes in the degree of the use of corruption activity, in terms

of labor allocation in the corruption activity, given a certain assumed scope

of the activity, in terms of the preference parameters. The emergence of an

ambiguous e¤ect on growth from an increased preference for the non-market

sector is not inconsistent with the evidence. The same type of simple cor-

relation evidence presented in the introduction does not indicate a positive
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relation between the corruption and growth rates, using the Transparency

International Perceptions Corruption Index and standard data on growth

rates. Rather the evidence shows no correlation.

The simulations for human capital productivity increases indicate an in-

teresting policy implication. A greater e¢ cacity of human capital production

leads to less corruption activity. The result is very strong in the model. It

suggests that rather than worrying about corruption activity per se, worry

about building human capital so that corruption gradually fades away.

Other policy implications left for future research include the optimal rate

of in�ation is such an economy. The in�ation tax is the only tax that falls ef-

fectively on the non-market sector. Therefore the ability to tax the otherwise

non-taxed sector suggests that the optimal in�ation rate will not reside at

the second-best Ramsey-Friedman optimum of R = 0; which holds in stan-

dard exchange economies with labor, capital and goods taxes (see Gillman

and Yerokhin, 2005). Rather the optimum would likely be at some positive

level.
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