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ABSTRACT
The paper looks into joint determination of corruption and development where there is

hierarchial bureaucratic setup; tier one-bureaucrat and tier two bureaucrats. Corruption happens
at two level once when tier one bureaucrat collude with households for tax evasion and another
when tier one and tier two bureaucrats collude to hide corruption.. The paper determines that at
high level of corruption, there is low development and at low incidence of corruption, there is

high development.
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1. Introduction
In the last decade, there has been consistent focus on the effect of the corruption on

economic growth and development. The literature has been trying to identify the theoretical and
empirical proof of what exactly is happening in economies. So far, there has been certain
progress for theoretical studies show that the presence of corruption in an economy is hindrance
for the economic growth and economic development. The evidence in these papers shows that
there is a negative relationship between corruption and growth through multiple channels,
(Shleifer & Vishny, 1993; Barreto & Alm, 2003; and Wadho, 2013). The empirical literature
shows that economies with high corruption have low economic growth and development figures,
(Mauro, 1995; Mo, 2001). The paper adds to the growing literature in the direction of describing
joint determination of corruption and economic growth and development. There has been lack of
theoretical work, which hampers the statistical work in this direction. In this paper, | study
corruption in the tax compliance problem under hierarchical bureaucratic setup where tax
collectors can collude with tier two bureaucrats and taxpayers, and its repercussion for economic

growth and development.

Corruption is defined as misuse of public office for private gains, (Barreto, 2000;
Banerjee, Mullainathan & Hanna, 2012). According to Barreto and Alm (2003), these public
officials are repeatedly found self seeking, and they abuse their public position for personal gain.
Their actions like demanding bribe to issue license, for exchange of money awarding contracts,
industrialists who contribute extend their subsidies, stealing from public treasury and selling

government-owned commaodities at black market prices.

Among economists, there are ambiguous beliefs about the impact of corruption on

economic growth. One strand of literature supports that the presence of corruption in an



economy with institutional inefficiency that appears in the form of weak legislative and judicial
systems and bureaucratic red tape tend to enhance economic growth, (Mo, 2001; Aidt, 2009).
The alternative strand of literature is much stronger and has provided with sufficient theoretical
and empirical justification for negative relation between economic growth and corruption.
Corruption through the misallocation of resources and unequal distribution of wealth in economy
not only slowdowns the economic growth but also reduces the standard of living in an economy,

(Blackburn, Bose & Haque, 2010).

In theoretical literature, Shleifer and Vishny (1993) elaborates that corruption is
expensive for distortions involved require secrecy for corruption. The demand of secrecy shifts
the country’s investment away from highest value projects (health and education) into potentially
useless projects (defense and infrastructure). This is proved by empirical readings where Mauro
(1995) finds that corruption lowers private investment, thereby reducing economic growth. In his
paper, Mo (2001) established that economic growth decreases by 0.72% when corruption
increases by 1%. Aidt (2009) in his paper establishes that corruption reduces the growth rate of

genuine wealth substantially, thus corruption proves a hindrance for sustainable development.

Economies with corruption tend to have tax evasion problem. The revenue generation of
any economy is done through tax collection. Barro (1991) through endogenous growth model
show that tax financed government services effect production or utility. Which simply states that
revenue collected through taxation of households is utilized either to provide utility services in

the economy or used in production process to enhance growth.

The revenue collected through taxes is used for investment in public services and

physical capital. In an economy, the presence of physical capital not only shows the existence of



resources but also the ability to convert the raw resources into output. Romer (1994) in his article
elaborates that as the level of the physical capital in economy increases the economy tends to
move towards high growth. In addition, the investment in physical capital accelerates the
spillover in economy. According to Solow growth model as investment in capital increases the
output produced in economy also increases which translates as the economic growth and later

economic development, (Solow, 1994).

The theoretical literature has been focusing on the problem of tax evasion and economic
growth. According to the literature on corruption, tax evasion is a form of corruption. The
problem of tax evasion seems to have varied impact on the economic growth. Lin and Yang
(2001) study static as well as dynamic model of tax evasion. In the analysis of the static model, it
is seen that at low level of taxes, the extent of tax evasion was small and the growth was
decreasing. Intuitively at a particular time, the income of individuals is same and they consume
and save a certain portion of their income along with being taxed. If the income is not changing
then their saving remains same as of which change in investment would be either zero or
negative. Furthermore, the dynamic model shows that increase in the level of taxes in a
continuous time allows tax evasion to take place because of which saving increases, investment

goes up and there is growth in economy.

In an endogenous growth model with tax evasion and economic growth, Eichhorn (2004)
show that tax evasion is beneficial for growth as households evade taxes only if it is profitable
such that it leaves higher amount of income for saving. The poor provision of public goods does

not have impact on growth, as it is considered for consumptive purpose alone.



In recent macroeconomic studies, the relationship between economic growth and fiscal
decentralization and its impact on corruption has been of debate. Fiscal decentralization
classifies the government into tiers where the local government acts as a subordinate tier in a
multi-tiered system, the principle defining the roles and responsibility of each tier are clearly
specified, (Shah & Shah, 2007). Fiscal decentralization is defined as division of government into
sub-national government units with autonomy over provision of public goods and services,
(Bjedov & Madies, 2010). According to the article by Amagoh and Amin (2012) such
classification of the government body into tiers improves the efficiency level along with
economy's output which leads to economic growth. Hierarchical tax administrative system is a
form of fiscal decentralization. Separate government department, the federal bureau of revenue,
collects taxes. In the department, there is delegation of power. The superiors delegate authority
to tax inspectors, which certainly does not mean there is no check on the performance of tax

collectors or on collected revenue.

The benefit of multi-tier government is seen in economies with no corruption but in
economies where corruption is prevalent, the benefits are overshadowed by disadvantages, which
mainly include poor accountability and poor efficiency level. In an argument against the multi-
tier government system, Shleifer and Vishny (1993) points out that delegation of power results
in dispersion of the government decision making, as of which lack of coordination among

bureaucrats result in excess rent extraction.

In an empirical paper Enikolopov and Zhuravskaya (2003) analyze data of 95 countries
for 25 years find that strong party system is essential for the decentralization to be beneficial for
the less developed countries in terms of better economic growth, quality of government and

provision of public goods. In another study by Fan, Lin and Triesman (2009) where 80 countries



were considered it is seen that as tiers in the government increases, the frequency of bribery for
government contracts, connection to public utilities and customs also increases. Furthermore, this

relationship was strongest for the business licenses and tax collection.

Blackburn, Bose and Haque (2010) (hereafter BBH) analyzed neo classical growth model
where bureaucrats are employed as agents of government for tax collection. Corruption in the
paper is represented through bribery that takes place between households and tax collectors. The
revenue generated is used for the purpose of investment in economy by the government. Public
officials not adequately paid tend to involve in corruption to make their ends meet. Also how
easily individuals can hide the illegal income without being caught is another reason that people

get involved in illegal activity.

The basic framework of my model stems from Wadho (2009) model (hereafter W-
model) with changes. In W-model the endogenous monitoring of the tax collectors is being done
so that corruption can be caught. As per the W-model corruption will only take place when

corrupt tax collector meets with corrupt household.

My model combines various aspects of the BBH-model and the W-model. From W-
model it takes the basic setup of the population with addition, external effective monitoring. The
BBH-model and W-model essentially have the same setup for the tax collectors and the
households, but my model introduces another player in the environment that is tier two
bureaucrats. The tax administration department is a two-tier government body. Tier one
bureaucrats are tax collectors that are responsible for collecting the taxes, these agents are hired
by government. The government for monitoring of tax collectors has appointed second tier

bureaucrats known as effective auditors. These bureaucrats are responsible for overseeing the tax



collection process along with maintaining a corrupt free setup. The taxes are collected from
household who belong to high-income bracket; the government itself has determined the rate of
taxes corresponding to the income bracket. Various theoretical and empirical papers have
elaborated the importance of the decentralized government but such concept has not been related

to the sole purpose of tax collection in a developing economy.

Both tier one and tier two bureaucrats have the opportunity to be corrupt. There are two
level at which corruption takes place; 1) corruption in the form of bribery that tier one
bureaucrats take from households such that they are reported as low income households, 2)
corruption that appears in the form of paying-off tier two bureaucrats by tier one bureaucrats so

that during the audit they are not caught.

The payoffs of tier two bureaucrats and tax collectors would be demonstrated through
Nash bargaining. Cerqueti and Coppier (2009) use the Nash bargaining to explain the payoff of
inspector and the entrepreneur. Similarly, my paper will first establish Nash bargaining set up
between tier two bureaucrats and keeping the bribe share in mind tax collectors will ask for bribe

from the households.

The focus of my model is not just tax collection but it relates to the savings of the
economy that is the catalyst of economic growth and development. My model through various
manipulations will show that investment in equilibrium with corruption is less than that of the
investment in equilibrium with no corruption. In addition, my model while defining the public
good takes the definition that is close to reality such that public good is rival and non-excludable.

Furthermore, the agents in my economy live for two-time period and two generations.
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The remaining paper is organized in the following manner in section 2, | give a detailed
description of the economy along with basic model set-up. In section 3, | analyze the incentive to
be corrupt for the agents in the society. In the next section, | will elaborate on the equilibriums
that are clear through my model. Then in section 5, | demonstrate through my finding the two-
way relationship between corruption and economic growth and development. In section 6, | give
comparative statics. In the last section, | conclude my finding with suggestions for further

research.

2. Framework

2.1. The Environment- Economy
There is overlapping generation model where each generation consists of constant

population N, who lives for two time periods and are risk neutral. A proportion 6 ¢ (0,1) of
agents are corruptible, i.e. they will be corrupt if it pays them to be corrupt and the remaining
fraction (1-6) is not corruptible, who irrespective of the monetary gains will stay honest. Agents
of each generation, are divided into three sets; private individuals referred to as households of
which there is a fixed measure n, for the purpose of collecting taxes there is a fixed mass of m
tax collectors classified as tier one bureaucrats and overseeing of the tier one bureaucrats is done
by a fixed mass s of tier two bureaucrats (known as super auditors) where n>m>s and

n+m+s=N. In the economy, households are differentiated on the basis of their labor endowment,
which determines their relative income and their propensity to be taxed. A fraction x € (0,1), of
households are endowed with e >1 units of labor (high income bracket) who are liable to pay a
proportional tax z € (0,1) which is decided by the government, while the remaining fraction (1-
1) have labor endowment ¢ =1(low income bracket) and they are not liable to pay any taxes. The

government is aware of the total x« without knowing the individual taxes due by households. |
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assume that both tier one and tier two bureaucrats are not liable to pay taxes, i.e. they are low

type, whereas tier two gets a premium v < & Taxes are collected by tier one bureaucrats and
each one of them collect taxes from 22—:1 households. At the first level, corruption takes place

when tax collector conspires with households to conceal their information about their true
income. In this scenario, the tax collector expects a gain in the form of bribe and households
expect gains in the form of tax evasion. There is a fraction 4 € (0, 1) of tax collectors, which are
corrupt in this way and the remaining fraction (1- 1) are honest (non-corrupt). At the second
level, corruption happens when during the audit this misreporting is revealed to tier two
bureaucrat. |1 assume that when tier two bureaucrat is honest, then, corrupt tier one bureaucrat is
reported and punished. When corrupt tier one bureaucrat matches with corruptible tier two
bureaucrat, then, later does not reveal this misreporting, and former pays him share out of total

bribes determined through Nash bargaining.

All agents in the society work in both time periods, they save their entire 1st time period
income and consume in the 2nd time period. The firms are responsible for the output production,
of which there is continuum of unit mass. The household provide the labor for hiring to the firms
and the firms hire the rent capital from all agents of the society. All markets are perfectly

competitive.

2.2. Households
Households of generation i=1,2 at time period t earn income I; , by supplying their labor

to firms in the private market and earn wages, w; .. Each household faces a linear utility function
of its expected income. Households with labor endowment ¢ =1 earns labor income w; in each

time period and are exempt from taxes. Households with labor endowment ¢ >1 earn labor

1 This is to simplify the model and | believe it does not affect the qualitative results of this model. .
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income ew; and pay proportional tax z to the government. Both the high income and the low-
income households save their current wages at the prevailing market interest rate for the next
time period 7,4, Which, is received in the next period to be consumed with the next period
wages. For the time period t+1 the income for the household is /; ., and the wages are w; ¢4, as
I will show in the steady state where w;, = w; (1. From here onwards, | focus only on high-
income households, as they are the ones who are liable for taxes and could collude with the tax
collectors (tier one bureaucrats) for tax evasion. Honest households do not evade taxes such that
their net income equal to ew;; (1 — 1) + 1p416W; (1 — 7) + ew; 11 (1 — 7). Since in the steady
state w; ¢ = w; 44, for the next section onwards | use w without the subscript. For corruptible
households, there income is uncertain and depends on the bribe that they pay to bureaucrat and
the probability of being caught. With probability p their corruption is detected through audit. |
assume that the effective probability depends on the type of tier two bureaucrats. With
probability €, tax collector matches with a corruptible tier two bureaucrat. In this case, tier two
bureaucrat does not reveal this corruption and they bargain on the share of bribes that each of
them receive. Given this the effective probability of being caught is p(1 — 6) € (0,1). | assume
that when detected, a corrupt household is asked to pay its taxes. Given this, the net income of

corruptible household is

_ (w1 = 1)(2 + Te41)s if b=0
000 = {72 4 o)1~ b - p1 - 030, ifb >0 @

Where b >0 implies that the household is involved in corruption.

2.3. Tax Collectors- Tier One Bureaucrats
Tax collectors differ in their behavior in public offices. They supply inelastically their

unit endowment of labor to government and earn wages equal to, w, in each time period. Any
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bureaucrat (corruptible or non corruptible) working for a firm while supplying one labor unit will
receive non-taxable wage equal to wage paid to households. Therefore, any bureaucrat who is

agreeable to accept wages less than stated wage must be expecting to receive recompense
through bribery hence is identified as being corrupt?. Each bureaucrat has 22”—mn households under

his jurisdiction. Honest bureaucrat do not indulge in corruption and earn a lifetime income,

wy (2 + 141). Whereas, corruptible tax inspectors can be corrupt if it pays them to be corrupt.
There are ZZ”—mn households under the jurisdiction of each bureaucrat. Further, 1 assume that an

honest household even when he encounters corrupt bureaucrat, he refuses to collude and declares
his true income. Thus, with probability 8, a corruptible tax collector matches with a corruptible

household who pays him bribe (b) and collude to hide his true income.

There is a fraction A € (0,1) of corruptible tax collectors who are corrupt and demand
bribes to conceal information about households income. For corrupt bureaucrats, their income is
uncertain and depends on chances of being caught, bribe they receive, penalty associated with
being corrupt, and the return they get on their investment from bribe income. They face a
effective probability p(1 — 8) of being caught through audit. Particularly, with probability (1-6)
tax inspector matches with honest tier two bureaucrats who report his corruption. With
probability @ tax inspector matches with corruptible tier two bureaucrats, who demands a share
¢ € (0,1) from bribe income to conceal his corruption. | assume that tax inspector is willing to
pay this share and its value is determined through Nash bargaining. Since, corruption is illegal,
tax inspector invests bribe income differently from wage income, i.e. he invests it in black
market. | assume that black market rate of return is smaller and is equal to .., — p, where p >

0.

2 See Blackburn, Bose and Haque, 2010 for more discussion.
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| assume that when tax inspectors are caught through the audit, their entire income is
confiscated which constitute of their earnings along with the bribe they have received form

household. Given this the expected net income of a corruptible tax inspector is®

Wy (2 + 1¢41) b=0
EGEI =010 pa—e) {wg(z + 7ee1) + 2 + 141 — p) (‘9#7”) ewb(1 — ‘P)}'b >0

2.4. Super Auditors- Tier Two Bureaucrats
Tier two bureaucrats supply their labor to government and earn wage equal to vw,, where

1<wv < &. This implies that tier two bureaucrats' are paid a higher wage than tier one bureaucrats
whereas for simplicity | are assuming that they do not pay taxes. Honest tier two bureaucrats do
not collude with tax inspectors and they earn only wage income, whereas corruptible tier two
bureaucrats collude with corrupt tax inspectors and their income is uncertain. The bribe income

of tier two bureaucrats depends upon the bribe paid by the corrupt households and the corrupt tax

20 2 . R
collectors (z—r’in) (ﬁ) since m < s there would % tax collectors under tier two bureaucrats.

Symmetric to tier one bureaucrat, | assume that when tier two bureaucrats are caught being
corrupt, their entire income is confiscated, and they invest their bribe income in black market
that earns smaller return. Given this, the expected net income of tier two bureaucrats is

UWg(Z + 741, @ =0,b=0

E(l;b,1) = Oun
s

@)
Wy (2 +1e4q) + 2+ 141 — p) ( )ewbgp], ¢ >0b>0

3 See Appendix B

)
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2.5. Government
Government collects taxes and provides public goods that are used as input in final

goods production. Revenues are collected through levying a proportional tax on high-income
households, along with the fine that is collected from tier one and tier two bureaucrats when they
are caught being corrupt. Government audits the conduct of bureaucrats that costs it resources.
For simplicity, | assume that cost of auditing is equal to revenues collected through successful
auditing. Government assigns a fixed proportion, @ € (0, 1) of tax revenue generated on public
goods,G; and the remaining portion to the payment of wages to tier one and tier two bureaucrats.
As in the Blackburn et.al (2010) | assume any bureaucrat (corruptible or non corruptible)
working for a firm while supplying one labor unit will receive non-taxable wage equal to wage
paid to households. Therefore, any bureaucrat who is agreeable to accept wages less than stated
wage must be expecting to receive recompense through bribery hence is identified as being
corrupt. Given this, then no corruptible bureaucrat would ever reveal himself in the way
described above. Therefore, to minimize the labor costs the government set the wages of all
bureaucrats equal to the wages households receive from the private firms to ensure complete

bureaucratic participation, (Blackburn et.al, 2010).

2.6. Firms
The representative firm produces output according to following Cobb-Douglas

production function
Y, = ALK} PG

When there is congestion of the public services (Barro & Sala-1-Martin, 1992), such that
Gt:G/K, where G is the quantity of the public services and K is the private capital available to

the private firms. | assume that public good are non-excludable but rival i.e. there is congestion.

(4)
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Public capital has strong impact on private capital. According to Fisher and Turnovsky, (1997)
use of public good is congested only by the use of private capital. Government investment has a
smaller impact on private capital formulation in the presence of congestion. Congestion is
important in assessing the relationship between public and private capital formulation, as
congestion and economic growth are intimate economic variables (Eicher & Turnovsky, 2000).
Furthermore, Eicher and Turnovsky (2000) relate that congestion has negative impact on labor
productivity of the economy*. Given there is congestion of public good the production function

becomes

a

G
— A7Bp1-B (1t
Y = ALK, (Kt> (5)

Where A>0, o ,f € (0, 1), at+ < 1. Also L, is the labor of the economy and K, is the
capital of the economy. Firms hire labor from households at competitive wage rate w;, and rents

capital at competitive rental rate r,. Profit maximization implies that
w, = BALP 'k}

r=(1-a— ALK G
3. The Incentive to be Corrupt
In my model, corruption is happening at two levels; 1) a corruptible tax collector meets
up with corruptible high-income household to declare the household as low income and 2) during
the audit tax collectors are caught by tier two bureaucrats who conspire with corrupt tax
collectors to conceal the information of audit from the government. In the following analysis, |

look into the behavior of households, tax collectors and tier two bureaucrats in the environment

4 Relative congestion: you benefit from the public good if you utilize it; otherwise, there is no impact on the non-user
utility.

(6)

()
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of tax evasion and bribery®.

In the analysis of corruption tax collectors, decide on the minimum bribe that is
acceptable to them while considering the share ¢ that they would have to give to tier two
bureaucrats in order to evade being caught. The share of bribe ¢ is decided between tax collector
and tier two bureaucrats through the Nash bargaining. The point where they will both agree will
decide the share.

| have two-dimensional problem where tier one bureaucrats decide wither to be corrupt or
not and second if he is corrupt, what share he is willing to give to tier two bureaucrats. | solve the
model through backward induction, where first he decides the share that he gives to tier two
bureaucrats by taking the bribe and corruption. The share ¢ that he gives to tier two bureaucrats
is decided through Nash bargaining. By including in this bargaining, a tax collector maximizes
the net benefits from this collusion. If he colludes, the effective probability of being caught is
smaller. It is equal to p(1 — 8) because his corruption can only be revealed if he matches with
honest auditor. However, he will have to share bribe income with corrupt auditor. Moreover, if
he does not collude, he is going to be caught with probability (p) irrespective of who is the

auditor. Given this the net gains of colluding for tax collector with tier two bureaucrat are

88, ={[1 = p( = O W+ 1) + @+ 1es = p) (9“7") ewb(1 - 9)|
- A=p)[WC+ )+ @ T =) (9“—") ewb|]

m

AB, = {[pHW(Z + 7)) + 2+ Teer = p) (9”7“) ewb([1-p(1-6)] - [1- P])]}Ol
(8)

Similarly, net gains of tier two bureaucrats from this collusion is

> My model looks at the economy in equilibrium such that Wy = W as stated wage to private and public agents is
same.
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AB, = {[vw(z + 1) + 2+ 141 —p) (9“7") SWb(p] w2 T't+1)}02 9)

(pNB = ABzABl
Keeping this in mind following share of bribe is given as °
(12)

. 2+ 7141)
- [01 + 02] ' [[1 —p(1- 9)]] ’ (2 + rt+1+— ;) (19“?") eb

®

From the above expression, | establish the share of bribe tier two bureaucrats demand of

(eN?)

2

the tax collectors. The comparative statics ———= > 0, which explains that increase in bargaining

power of tier two bureaucrats, increases the share in bribe, by ( )< 0 | see that if the

bargaining power of the tax collectors increases the share in bribe of tier two collectors would

decrease. The increase in the rate of interest, the bribe and the proportion of corruptible agents

a(oN )< 0, a(oNB)

have a negative impact on the share of tier two bureaucrats in bribe, ( P T
t+1 t

<

NB
0, a(g 5 ) < 0). If the probability of being caught were to increase the share would also increases

to cover the risk associated with it ———= > 0.

3(o"?)
op

Given this share the tax collectors receives from Nash bargaining he decide to be corrupt

or not. Tax collectors are corrupt only when the expected utility from getting bribe leaves them

no worse than not getting a bribe. The tax collectors would demand a bribe that would cover the

risk they are taking for covering the households from the government along with the share ¢ they

have to give to tier two bureaucrats. The bribe would vary with the degree of risk, if the risk of

being caught were high then the bribe demanded would be high and vice versa. From the

6 See Appendix E
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equation (2) I find that corruptible tax collector will be corrupt if

p(1—6)(2 + 1) (13)
[1- p(1 = )12 + 1 — p) (222 (1 - )

b; >

The second incidence of the corruption happens when the tax collectors and the
households collude together to hide the true extent of household's income. The corrupt high-
income households will be willing to pay a bribe as long as it is feasible for them, such that the
expected utility of from paying the bribe and the expected utility from not paying is at least
equal. Keeping this in mind the optimum bribe rate for the households is calculated through

equation (1) and is estimated to be
by =[1-p(1—-6)]t, (14)

Intuitively equation 14 states that the households will not pay the tax collectors more than
they expect to save from tax evasion. In my model incidence of corruption happens only when
the tax collectors and the households concur on the same bribe such that they are simultaneously

satisfy one another, this is seen when equation (13) and (14) are solved together

p(1—6)(2 +reyq)
[1- p(1 =02 +riss — p) (222 (1 - )

[1-p(1—-0)]t = (15)

The above condition relies on the economy wide variable T and r;,. The current tax rate
and the future market interest rate that is of interest; determined by the current economic
situation in the economy. The prevalent economic condition in the economy accounts for
corruption in my model. The current statics show that the presence of corruption will provide

incentive to the upcoming bureaucrats both tax collectors and tier two bureaucrats to be involved
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in illegal activity. The current time period t corruption will determine future corruption, which in

return determines the future market interest rate.

The behavior of the economy is analyzed under two scenarios 1) equilibrium where there
is no corruption, 2) equilibrium where there is corruption, the purpose of the analysis is to look
into the behavior of the capital accumulation and its impact on development in both the
scenarios. Furthermore, the model looks into the behavior of capital in steady state alone such
that Y =Yiepaand Yo =Ypp4q and Yy =Yy 41= Yor =Yp040=Y and Ky = K; ¢4 and
Kyt = Kyeqq and Ky = Ky 141= Ky = Ky 41=K. From here onwards, | do not use subscript.
Solving the equation (3), (4) and (5) I find the current market interest rate and the current wage
in the market. Where w = BL™WKX and r = (1 — a — B)¥ KX~ 1this shows that economy wide
variable rely on the labor force in the market along with the labor and capital share in the output
function. Furthermore, the presence of K shows that the current level of capital in economy plays
a dominant role for the determination of current wage, current market interest rate. Seeing this
relation, 1 can conclude that the presence of future capital K;,; would determine the future
market interest rate ., that would be accounted as the investment of economy for economic
growth. In my model there is fixed proportion for the government services such that G, = ®Y;,
thus when in equilibrium | see that that the total labor supply L =[(1 — u) + u]n, which is the
sum of total labor supply of high income households eun and labor supply of low income
households (1 — p)n.” | find the government share in the economy through G = WKX® where

l/l—a 1-a-B g

1-a

¥ = [A(®)*LF] and y =

7 This holds true when there is equilibrium in the labor market.
8 See Appendix D
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Government expenditure are covered by tax revenues. These expenditures include the
provision of public services and the salaries of both bureaucrats. Seeing this the economy
follows balanced budget i.e. tax revenues = G+ mw+sow as | have calculated the values of G

and w replacing it | get the following relation
Tax revenue = Y[® + B(m + sv) | KX

According to growth theory, the presence of physical capital translates into investment of
the economy; accumulations of physical capital are the savings of the agents in economy. The
savings of an economy comes from low-income households (1 — u)nw and the high-income
honest and  dishonest households unew(1 — 6)(1 — 1), OAunew(1 —b —p(1 —6)1) +

(1 — A)Ounew(1 — 1) respectively. The saving of tier one bureaucrats are [(1—6) +
6(1 ~ D]mw and OAumw {[1~p(1 = OIW(Z + ri41) + 2 + 141 = P) C)ewb(1 — @)1
and savings of tier two bureaucrats constitute of (1 — 6)suw,0(1 — A)suw and Afs {(1 —

p) [vw + (“ n) Gewbq)]}. Where savings equals future capital

N

St = K41

4. General Equilibrium

4.1. Equilibrium with No Corruption
In equilibrium with no corruption, total tax revenue collected in the economy is Tunew.

As already stated the government utilizes the revenue to cover the expenditure to cover the

wages of the tier one and tier two bureaucrats mw and suw respectively, and to provide public
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good and services G, which is utilized by private firms. Given that government runs a balanced

budget, the tax rate without corruption is®

. G+w(m+sv)
[ —— (16)

. [Le+B(m+sv)]_ |
= [ pune - (17)

Looking at this tax level the optimum tax rate, household's willingness to pay the bribe would be

b, = [1- p(1— 6)]2, (from equation (14)).

In equilibrium with no corruption A=0 total savings of the economy come from the honest
low-income individuals (1 —u)nw and honest high-income households unew(1 — %).The
savings of tier one and tier two bureaucrats is mw and suw respectively. Combining all these

expressions together, | get the following relation

(1 —Wnw + unew(1 — ) + mw + svw = K44

Replacing value of T and manipulation yield the following relation

WwL—G = Ky (18)
Manipulating equation (18) by replacing G = WKX®, and w = BL™1WKX, | get the

following expression for the future accumulation of the physical capital

Kevr = WKE[B — @] = K(K) (19)
As already established that 7, = (1 — a—ﬁ)‘l’l?tx_l, then from this | can conclude

fopr = (1 —a— WKL, combing this relationship with equation (19) I get the following

relation

9 See Appendix G
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Rii=1A—-a—-BWI[B -] L.RXX™Y =RK) (20)

t+1

= W1 (21)

4.2. Equilibrium with Corruption
For complete analysis my model 1 now consider equilibrium where there is corruption,

A=1. The total tax receipts should come from all households, however that is not the case, only
honest high-income households pay the taxes and honest tax collectors submit the true taxes to
the government. In my model corruption happens when corrupt household meet with a corrupt
tax collector. With probability (1 —8)[(1 —6) + 8(1 — A)] honest households meet up with
honest tax collectors, with probability (1 — )16 honest households meet up with corrupt tax
collectors, corrupt households match with honest tax collector with probability 6[(1 — 8) +
0(1 — A)]. Combing all these three cases the total tax receipts submitted to the government
equals Tunsw((1 — 6%). When a corrupt household meets with corrupt tax collector with

probability 82 and no tax receipt are submitted.

A corrupt tax collector is caught with probability p(1-8) he loses his corrupt income and
is fined the amount that he has gained as illegal income. Once caught the corrupt tax collector
has to pay the tax difference. Thus the revenues for the government coming from tax collector
being caught is pfunf?A and (p(1 — O))[W2 + 71ep1) + 2+ 14q — p)(’;—”)eewb]. Once this
revenue is collected, it is utilized by the government to finance the public services and goods G
and the wages of the tier and tier two bureaucrats mw and svw respectively. The cost of the

effective audit is cntun and for external audit is cafun. The cost borne by the government is

10 See Appendix H
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financed through the fine that is collected from the tax collectors. For the purpose of my
analyses, | take the total cost and the fine to be equal such that the government spends no extra.

Keeping all this in view, | find the following expression'!

G + w(m + sv)
(1 — 62)unew (22)

ft:

: ®L+ f(m + sv) _;
= T = 09 unep (23)

The optimum level of bribe that households are willing to pay and the tax collectors are
willing to accept is b, = [1- p(1 — 6)]%, (from equation (14)). The total saving in such

economy comes from the corrupt as well as the honest agents.

Households
1) Low-income HH =(1 — w)nw
2) High-income HH (honest) =unew(1 — 7;)(1 — )
3) High-income HH (dishonest) =0Aunew(1 — b, — p(1 — 0)%,),

Tax collectors
1) B, Honest = (1 — 8)mw

2) B, Dishonest/corruptible =6um {[1 —p(1-0)][w+ (%)ewEt(l — (p)]}

Tier-two bureaucrats
1) B, Honest= (1 — 8)svw

2) B, Dishonest/corruptible = (1 — A)svw + s {(1 -p) [vw + ( )ewbtcp]}

Combing all these expression together, | get the following relation

1 —wWnw + unew(1 —£)(1 — 0) + Ounew(1 — b, —p(1 — 0)%,) + (1 — 6) mw
+ Hm{[l —p(1-06)] [W + ( T;:ln) ewb, (1 — <p)]} + (1 - 6)suw

Oun
+0s(1 —p) [UW + ( )swbt<p] Kiiq

11 See Appendix |
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Replacing value of ¥ and manipulation yields the following relation

1-6)
) (162
— Ounewb, {1 —6¢ — [1 —p(1 - 0)]6(1 — @)} = K44

Lw + mw[l —6p(1 —0)] + svw — [G + w(m + sv)][1 + 6p] (24)

Manipulating equation (24) by replacing G = WKX®, w = L™ 'WKX and b, =
[1 -p(1- 9)]% I get the following capital accumulation relation that is currently working in

equilibrium with corruption

Kyl = ‘PKtX B+ %m[l —60p(1—-06)]+ %sv - ((11__:2)) @ +§(m + su)] [1+ 6p]

B Ouneft (25)

L

[1-p(1-6)[{1—-06¢p—[1-p(1-06)]6(1- cp)}l

| know that 77 = (1 —a — ,B)SURtX_l, then from this | can conclude #,; = (1 —a —

B)Wkgf[ll, combing this relationship with equation (25) I get the following relation

B

Ripi=Q—a-pY|¥Y ,3+Zm[1—6p(1—9)]+§sv— a-9

(1-67)

[1-p(1-6){1-8¢—[1-p(-06)]6(1-@)}

B
L

[CD +—-(m+ SU)] [1+ 60p]
x—1
B Ouneft

-1 ~
. KXY = Rk

22 — (2-p)t

G-2) W

R(K) =

12 See Appendix J

(26)

(27)
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5. Corruption and Development

5.1. From Low Development to Corruption
The above analysis has laid groundwork for further analysis that at which level of

physical capital there is corruption or not. My model solidifies the relationship of corruption,
capital accumulation and economic development that has already been discussed above in the
literature. What now is of interest is to see whether at the equilibrium level there is corruption or
not, at what level of capital there is high growth and what level there is low growth in economy

and if these level are same for both the equilibrium with corruption and with no corruption.

From the equations (21 and 27) | find the relationship such that R(K) and R(K) have
monotonically downward function with respect to K. From equation (20), (21), (26) and (27) |
establish that R(K,) > R(K,) and W < W for all values of K,. From these inequalities, | find the
optimum level of K, would define a point in economy there is high growth. | define Kfand Ky
around which I can define K, at which where they may be growth, low growth or multiple
growth level. For all K, < K¢, R(K,) > W and for all K, > K, R(K,) < W. Similarly, for all

K, < K§,R(K,) > W and for all K, > K$, R(K,) < W.Where K{ < K.

Proposition 1: For v K, < K9, there is a unique equilibrium where all corruptible
bureaucrat is corrupt. For v K, > K35, there is a unique equilibrium where no corruptible

bureaucrat is corrupt. For v K§ < K, < K5 there is multiple equilibrium.
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Proof: See Appendix K

A

v

FIGURE 1: Corruption Equilibrium

Where

g(f_t _ Z_) X1
27 — (2 = p)ty)

v(ft _ Z_) 1xx-1
27 — (2 = p)iy]

KS >

5.2. From Corruption to Low Development
Two paths capital accumulation has been identified one for equilibrium where there is no

corruption and one for there is corruption, K* and K*. In equilibrium where there is no
corruption, the economy moves on higher development path K(-) and thus has a high level of
steady state equilibrium K = {¥[B — @]}*X (from equation19). Whereas in equilibrium where

there is corruption the economy moves on lower development path K () so there is low level of
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_ -0
(1-62)

steady state K, = [‘P [,8 + %m[l —po(1-0)]+ gsv [(D +§(m + SU)] [1+ 6p] —

~ X
Huanﬁr [1- p(1—6)]{1—0¢ —[1—p(1-0)]6(1— (p)}]l (from equation 25).

v

FIGURE 2: Capital Accumulation

Intuition

In an economy with equilibrium with corruption aa—lgL>0, and

K|, :
5 < 0, which
intuitively tells me that as the probability of being caught increases capital accumulation
increases. As the proportion of the corrupt individual increases, capital accumulation in a corrupt

economy decreases.

6. Comparative Statics
For a given level of physical capital K; in an equilibrium with or without corruption

satisfy T, > 7,741 > T:41.What | see is that for a given level of physical capital K; the optimum
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tax rate of the corrupt economy is higher than that of the equilibrium with no corruption, %, > ;
as easily seen from equation (17) and (23), as of which b, > b,. Intuitively, this holds true for
government need to run a balanced budget, the revenues collected in equilibrium with corruption

are lower than the expenditure. The government raises the taxes to overcome the shortage.

Similarly from equation (19) and (25) | see that K,,; < K, and equation (20) and (26)
clearly show that .., > 7+,;. Together this establishes that in equilibrium with corruption the
level of taxes are high as of which the cost of concealment in the shape of bribe is also high,
furthermore the accumulation of the physical capital is less as compared to the equilibrium with
no corruption and the rate of interest is also high. What all this entails that in equilibrium with
corruption the level of taxes is high due to which households pay a large bribe to evade taxes,
which leads to low saving and capital accumulation. In equilibrium with no corruption, the taxes
are not high such that all households pay the taxes. Their saving is high enough for the capital
accumulation and economic growth. When the rate of capital accumulation is high the rate of

interest associated with is low, this is due diminishing marginal returns to capital.

7. Conclusion
In the last decade there have been concern that how corruption that is prevalent in the

government seem to have a negative impact on economic growth and development. Economist
throughout the world have been working on justifying the relation that how corruption affect
growth through various channels. There has been abundant empirical literature on that but now
theoretical strand of literature focuses on how corrupt government affects the growth through

different channels.
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Corruption creates unfavorable conditions for investment in physical capital and thus
growth. | have modelled this by treating legal income differently from the corruption income.
Corruption income is illegal and can only be invested in black market which offers smaller
returns. FDI can help in diluting negative effect of corruption on investment. In my model
corruption negatively affects savings that in turn affect investment, since FDI is savings of
foreigners in a foreign country, corruption of destination country cannot affect the saving
decisions of FDI of host countries. In this case if FDI is a bigger share of total investment then
corruption might have negligible effect on investment. However, literature on FDI and
corruption highlights that corrupt economies are not attractive destinations for FDI.

According to Wei (2000) the international investors do not find it worthwhile to invest in
economies where the corruption index is high for then there is poor contractual enforcement,
making it difficult for them to make profits. Country’s investment environment is measured
through the institutional quality, which is an indicator of political institutions, rule of law,
property rights, non-transparency and instable economic policies, if these are poor in quality then
FDI in that country would be low for it creates operational inefficiencies, (Globerman & Shapiro,
2002; Habib & Zurawicki, 2002). Corruption lowers the productivity of the public inputs as
already shown in the model, this leads to decrease in the country’s locational attractiveness
which is important factor for foreign investors, (Egger & Winner, 2005). The location plays an
important role when the investor are deciding on the host countries from investment point of
view.

Blackburn et.al (2010) and Wadho (2009) look at a single public office tier. My model is
further extension of these model with two government tiers, which implies that the share of the

bureaucrats have decreased for the proportion of the illegal income is same. There is fixed value
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of bribe that is shared among the bureaucrats. If the number of bureaucrats were to increase the
each bureaucrat share would decrease for now the bribe would have to be split into more shares.
This can easily be explained that if a pie was to be distributed among two individuals the share
would more than if the same pie were to be distributed among large number of individuals.
Increase in the number of the bureaucrats could lead to two effects; negative and positive. Taking
the multiple tiers may also increase the size of the bribe (pie) this could be done when the tier
two bureaucrats ask a particular percentage of bribe from tax collectors who in return will ask for
higher bribe from households by framing them. If there were ‘»’ number of tiers the negative
effect will appear in the form of small share in bribe, the positive affect will appear for when
there are more corrupt bureaucrats there would be framing and extortion. There might be optimal
level of ‘n’. My paper does not focus on the number of tiers as I am not interested in so many
tiers of government but rather on the how corruption effects economic development through
savings and physical capital investment.

This paper adds to the growing literature of how corrupt government through tax evasion
and capital accumulation effect economic growth and development. The basic setup for the
corrupt bureaucrat is same but my model introduces the multi-level tax administrative system.
Where, tier two bureaucrats and the tax collectors are both involved in double incidence of
corruption. Furthermore, my model shows that the households bribe the tax collector and then
they in return offer bribe to their tier two bureaucrats. There is transfer of resources as of which
illegal income is created that cannot be included in savings, which results in lower capital
investment of economy. Low investment in capital becomes visible as low economic growth and
development. My paper has explained how corruption accompanies low growth and development

and how low development accompanies high corruption. My paper tries to explain the corruption
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and economic growth duos relationship through theoretical model but there remains scope for

further research.
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APPENDIX A

In this appendix, | give detail calculation for expected income of the households.
SETTING

All individuals save in first period, invest it and consume in the second period. The individuals
live for two periods only.

There are two generation 1 and 2 with time t and t+1, where wy = Wy 11 = Wy = Wopq = W
Only high-income households pay taxes
HOUSEHOLDS (honest, bribe=0)

1) Wage earned in first period =ew

2) Proportion of wage invested in the 1 period= r,ew

3) Wage earned in second period= ew

4) Proportional tax payable on the wage in the 1 period=ew t
5) Proportional tax payable on the wage in the 2 period=egw t

Iyp= (ew — ewt) + rpyq1(ew — ewt) + (ew — gwr)
= EW — EWT + I't41EW — 't 1 EWT + EW — EWT

= 2eW — 26WT + 'y 1 EW — I EWT

=eW(2 + repq) — ewt(2 + reyq)

=(ew — ewr) (2 + 1¢yq)

=ew(1 — 1) (2 +repq)

HOUSEHOLDS (dishonest/ corrupt, bribe >0)

1) Wage earned in first period =gw

2) Bribe paid to the B;to be classified as low income in 1 period=b, = b

3) Proportion of income paid as bribe 1 period =bew

4) Probability of being caught through effective auditing,(in 1 period) result in payment of
=p(1-0)t

5) Proportion of wage invested in the 1st period= r;,;(ew — bew — p(1 — 8)tew)

6) Wage earned in second period= gw

7) Bribe paid to the B;to be classified as low income in 2 period=b

8) Proportion of income paid as bribe 2 period =bew

9) Probability of being caught through the internal and external audit,(in 2 period) result in
payment of t=p(1-6)t



Iyy= (ew — bew — p(1 — 0)t1eW) + 1 (ew — bew — p(1 — 8)tew) + (ew — bew — p(1 —
0)tew)

=ew —bew — p(1 — 0)Ttew + 14 1EW — Tpy1beew — 1 p(1 — @) T1EW + €W — brgw —
p(1 — 0)tew

= 2eW + Iy 18W — 2bew, — rey 1 bew — 2p(1 — 0)tew — 1y 1p(1 — O)TEW
=ew(2 + regq) — bew(2 + 1rpy1) —p(1 — 0)tewW(2 + 1y 1)

=ew(2 +1e1)(1—b —p(1-0)7)
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APPENDIX B

In this appendix, | give detailed calculation for expected income of the tax collectors that has
been classified as the bureaucrats'B;.
TAX INSPECTORS (honest, b=0)

1) Wage earned in first period =w
2) Proportion of wage invested in the 1st and consume in 2nd period= r,,w
3) Wage earned in second period=w

Ig1=W+ T W+ w

=2W+ regqw

=wW(2 +repq)

TAX INSPECTORS (dishonest/ corruptible, b>0)

1) Wage earned in first period =w
2) Proportion of wage invested in the 1st period=r;,,w

3) The bribe income = (%)swb

4) The bribe income left after searching for black market investment= (r¢,; — p) (i’:l—")swb
5) Wage earned in second period=w
6) Bribe income in the 2 period = ( Dewb

7) If B,are also corrupt then the tax collectors share their bribe= ¢
8) All of this is received with the probability of success in hiding bribe through effective
auditing= (1- p(1-6))

Ig:=[1—p(1 —0)] [W + (emﬂ) ewb(1 — @) + wrepq + (ree1 — p) (BLmn) ewb(1—¢@)+w+
(Gun) ewb(1 — (p)]

=[1 —-p(1 - 0)] [W + wrigp, +w+ (g — p)( )awb(l —@)+ ( )swb(l —@)+
() owncs )

=[1-p(1-06)] [ZW + Wwre + 2+ 1044 —p) ( )EWb(l - (P)]

=[1—p(1 = O] [W(2 + risn) + 2+ 1sr = p) (o) swb (1 — 9
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APPENDIX C

In this appendix, | give detail calculation for expected income of the superior that's have been
classified as the bureaucrats B,
TIER TWO BUREAUCRATS (honest, ¢=0)

1) Wage earned in first period =vw
2) Proportion of wage invested in the 1st and consume in 2nd period= ry,;vw
3) Wage earned in second period= vw

Ig2=0 W + 110w + vw

=20W + Ty qOW

=oW(2 + I'eq)

TIER TWO BUREAUCRATS (dishonest/corruptible, ¢>0)

1) Wage earned in first period =vw
2) Proportion of wage invested in the 1st period= ry, ;ow

3) The bribe income = (9%) (%)swb(p
4) Proportion of illegal income received from B;to protect them from internal audit=
0
(res1 — P) (o) ewbe

5) Wage earned in second period=vw

6) Bribe income in the 2 period=("“")ewbe
132:[1) w+ (%) EWb@ + rpy 10w + (repq — ) (9%) ewbop + vw + (%)ewb(p]
:[D W+ oW+ ow + (2 + 1oy — p)(e%)ewb(p]

:[ZDW + rep 0w+ (241001 —p) (@) swb(p]

= [UW(Z + 1) + 24151 —p) (@) SWb(P]
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APPENDIX D
In the appendix, | give detail calculation for the firm's problem. I calculate the w,and r,which is

later utilized in problem solving.
FIRMS

Cobb-Douglas production function
Y, = ALY K} PG

Where by the congestion model the Cobb-Douglas production function becomes

a

G
_ BB (Ot
Y = AL K] <Kt>

Yy = ALPK PG

ay

o = BALY K, P GE = wy = MPL
t

aY B - ra
a—Ktz(l—a—ﬁ)ALth G =1, = MPK

Where G is the fixed proportion @ of Y

Gt = d)Yt

Replace G in Y such that
Y = ALPK 7P (@v)”
Isolate the value of Y;

Y Cam
e = ALK, (@)



As

—a — gBpl-a-B
yi=¢ = ALVK, 7P ()
Divide by the power 1 — « on both sides (removing power of Y

1.
v = [afk} P @)e] "

(K, ") 1a

Y = [ALf (qb)“]l/l‘“.

Yica

Let [AL’;’ (qb)“] N

1-a—f_
—a K
Such that
Y = WKX
G =Y
y = G
)
Then
G = YKX
5=
G =YKXP
As

w = BALP-1K1-*-BGa

41
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and

Y = ALPK1-2-B G«

w =LY
Y = E = WYK~X
D
Replace in w; which becomes
w = BLTWKX

As
r=(1—a—-B)ALPK*BG®
Y = ALFK~*F g

r=(1—-—a—-pB)YK?
: Y—G—‘PKX
fY ==

Replace in r; which becomes
r=0—-a—-B)YKXK™?

r=0—-a—-pL)PKX1?
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APPENDIX E

In this appendix, I calculate the share ¢ of the bribe for tier two bureaucrats through Nash
bargaining. This gives the minimum share that tier two bureaucrats are willing to accept in order
to overlook the corruption that is taking place among the tax collectors and the households. Also
comparative statics are calculated.

NASH BARGAINING

B; Payoff during Nash bargaining

B;and B, are both corrupt, ¢ > 0,

[1-p(1 = 0)] [W2+ ) + @+ 1 = ) () ewb(1 - )]

B;corrupt, B, honest, ¢=0
un
A=) W@+ 704 + @+ 7001 = ) (T ew|

¢NB == ABz.ABl
03

AB, = {[UW(Z + 14) + Q2+ 1041 —p) (01;[—n> ewbgo] —uww(2+ rt+1)}

0,
n
2B, = {2+ 1141 - o) (2 )ewbol

8B, ={[1=p(1 = )] [w@ + 7es) + @+ 141 = p) (e"—") awb(1 - )]

- A=-p) W+ )+ @ T =) (9“ ”)swb]}

AB, = {[[1 —p(1-)Iw@2+ 141) +[1=p(A=D]2+ 141 —p) ( n) ewb(1 — @)

[(1 ~PWEH Te) (=PI Tevs =) ( )gwb]}o1

Cancel out w(2 + 1344)
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(U

un
ABlz{pBW(2+ Feer) + (24 Toyq — p)( )swb{[l p(1—9)1(1—<p)—<1—p)}}

(pNB = ABz.ABl

Derivate w.r.t ¢
01

Oun
0,[AB,1%71. (2 + 1441 — p) (%) ewb.AB;

+ [8B,1%.0, (~[1 = p(1 = D12 + 1241 - p)( ~2%) evb ) (4B, 10
=0

Take minus sigh common and take the second term to the other side

01

Bun
0,[AB,1% 1. (2 + Tyyy — p) (%) ewb. AB,

= 188,100, (I1 = p(1 ~ )12 + 741 — p) (T ewb ) (4B, 1%~

Divide both sides by AB,%2.AB,°1, (2 + 1,41 — p)Bunswb

02 p 1101 L
—2[8B,]7 = L [1 = p(1 - 0)][4B,]

0,

0,
_AB1 = EABz[l —p(1-0)]

As
Oun
ABy = pOWQ2 + Te2) + 2+ Tea = p) (=) ewb([1 = p(1 = O)I(1 - 9) = (1 = p))
0
AB, = 2+ Tigr = p) (o) ewby
Replacing values

0, un
o pOW(2 + 1) + 2+ 14— p) ( >8Wb{[1 -p(1-0)]1-¢) -1 -p)}

0,
= E(Z + Ti41—P) (Tn> SWb(p[l -p(1- 9)]
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Opening brackets to simplify

oo+ 14 + 2@+ s~ 9) () swb{[1 — p(1 ~ 6)]
~ 2@+ 11 = ) (o) wbl1 ~ p(1— )]
~ 2@+ 11 = ) (o) ewb (1~ )]
=24 14— ) (o) ewbiplt ~ p(1 ~ 0)]
Tsolating ¢

Oun

O w2+ 1)+ 22+ )(
SPW Tt+1 S Tt+1 — P m

)swb{[l —p(1-0)]
0, 0
- 2+ 7141 — (%Tl) ewb(1 —p)
0 0
= El(z + Tpp1 — (#) ewbp[1—p(1—6)]
n

0
+ ?2(2 + 1 — (—) ewb[1 —p(1-0)]e

P2+ 1041 —p) ( n) gwb[1 —p(1—6)] [ 01

= [PQW(Z + Tip1)
@+ s = ) () ewb([1 = p(1 = 0)]1 = 9) ~ (1 = P

Cancel out s

P2+ Tias = p) (") ewb[1 ~ p(1 = B)][0; + 0]
=0, [PQW(Z + Tr41)
un
+ 2+ 1 — ) (o) ewb([1 - p(1 - )](1 ~ ) ~ (1 ~ D)}
Simplify

[1-pA-0)]1-9)—-(A-p)=1-p+pf—1+p=pb
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02+ a1~ p) (") ewb[1 ~ p(1 ~ B)][0; +0;]

un
=0, [pHW(Z + 1)+ QA+ 1 — p)( — )swbp@]

0, [PBW(Z + 1) + 2+ 1 —p) ( )SWbPH]

(pN
@+ 1e1~ ) (22 ewb[1 ~ p(1 ~ )][0; + 0]
NP = [ 0; ] po _ [W(2Z + 71044)]
0.+ 01 [1-p(1-06)] Q2+ 7pyq — p)( )swb

Taking w common from denominator and numerator, it cancels out leaving only the expression

po 2+ 71e41)

[01+02] [1-p(1-0)] 2+ T4y _p)(elin) b+1

CPMPARATIVE STATICS

a(p"?) _ po (24 144) (01 +0,) - 0,
00, [1-p(1-0)] @+ 1001 — p) (G;m) b (0, + 0,)?
a(p"?) _ po (24 744) 0,

0, " T2 |04 r,,, ) (P2 R (AT

a(eN?)

>0
90,

d(pNB 0 - 2+ - 0—-0
(¢ )_ p ( Ttv1) 41 2

0, [1-p(1-0)] 2+ 10— p) (Gun) b (01 + 0,)?

d(p"?) _ po (24 744) 41 -0,

90, [1-p(1-0)] @+ 11— p) (Gun) b (01 + 0,)?
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(")
90, <0
d(pNB) _ 0, po 2+ 1e41—p) (G,un) eb— (2 + 71141) (Bun) eb
0Tper [01 + 02] 1-p-0)] {(2  ror = p) (e;m) sb}z
a(p"B) [ ] o (=p) (G,un)
0 Te4q 01+ 0,1 [1—p(1-0)] {(2 b s —p) (Gun) sb}
(")
0 Teiq <0
a(p"?) [ ] —(2+ 7141)
db, 0, + 0, (1 -0)] 2+ T — p) (Gun) cb?
a(p"")
5 < 0
a(p"?) [ ] pA-p) —(2 + 1141)
a6 0+ 0,1 [1=p1-O)*'| ;| i — p) (92un> b
(")
<0
6(<p”3) [1-2p(1 - p)] (2 + 7e41)

+1

01 T 02] l 1-p-0)) 2+ 141 —p) (erlri_n) eb

a(p"®) >0
op




APPENDIX F
In this appendix, | calculate the minimum level of the bribe b,share at, which both the

households and the tax collectors are willing to agree during corruption.
CLACULATING BRIBE b*
HOUSEHOLDS

ew(l -1 (2 + 141)=ew(2 + 1141)(1 —b—p(1 - 6)1)

ewand (2 + r,,)cancels out

(1-9=0-b-p(1-6)1)

1 cancels out
—t=(=b- p(1-6)7)
Take T common
b*=(t-p(1—-0)1)

b*=[1-p(1-0)]t

0
[1=p( =0 W+ ria) + @+ Tees =) () ewb (1 = )] = W2 + 1040)
Let
a=w(2+ 141)

X=(2+ 141 —p) (eﬂ) Ew

[1-p(1-6)][a+Xb(1—@)]=a

[1-p1-0)]a+[1-p(1-)]Xb(1—-¢) =a

[1-p(1-0)IXb(1—-¢) Za—-[1-p(1l-0)]a

[1-p(1-6)]Xb(1—¢)=>a—a+pa(l—0)
a Cancels out

(1-p)Xb(1—¢) =pa(1-10)

48



pa(l—0)

A ey

As

a=w(2+ 1)
0
X=(2+ 1041 —p) (%) Ew
Replacing values
b > P(L=OW2 + 1141)

T -p - 012+ 11— ) (ED) ew(1 - )

Taking w common from denominator and numerator, it cancels out leaving only the expression

p(1—0)(2+ 141)

b 2 Oun
[1-p(1 =)@+ 101 — p) () £(1 — ")

49



APPENDIX G
In this appendix, | give detail proof for the equilibrium with no corruption. | calculate the

revenues of the government through tax receipts, then I calculate the total savings of economy
from which | calculate future rate of interest that will lead to economic growth.
GOVERNMENT

TAX RECEIPTS, NO CORRUPTION

Tax revenue = Tunew

EXPENDITURES

a) Wages = mw + suw= w(m + sv)
b) Government services = G

REVENUE=EXPENDITURE
tunew = G + w(m + sv)

_ G+ w(m+sv)

te Unew
Replace
G =YKXD
w = BLTIWKX
7 becomes

_ WKX® + BLT'WKX(m + sv)
B uneBL-1WKX

T¢

_ YK¥o N BLYWKX(m + sv)
~ unefLTWKX unefL-TWKX

A

Tt

_ LYK*® + BYKX(m + sv)
B unefYKx

T

Take WK} common such that

. [CDL + f(m + sv)
= uneBYKX

. [LCD + a(m + sv) .
Tt = =T
pnep



51

TOTAL SAVINGS, NO CORRUPTION

Replace

1) Low-income HH =(1 — u)nw
2) High-income HH =unew(1 — 1)
3) B, savings = mw

4) B, savings = suw

(1—Wnw + unew(1 — ) + mw + suw = K44
Replace

G + w(m + sv)
Unew

1=

Such that
G + w(m + sv)

unew

(1 — wnw + unew (1 - [ ) +mw + suw = K,

Take L.C.M
unew — [G + w(m + sv)]

+mw+suw = K
e ]

(1 — pnw + unew l

unew cancels out
(1 — Wnw + unew — [G + w(m + sv)] + mw + svw = K, 44

Simplifying the expression gives
(1 —pnw + unew — G — mw — suw + mw + suw = K,
suw and mw cancels out
n((1— ) +ue)w — G = Reuy
Total labor supply= fraction low income and high income
Low endowment HH= (1 — u)n
High endowment HH = eun
1-—un+eun= 1L
[(A—w)+euln=1L
Replace L in K, such that

Lw—G= K4

G =¥YKXo

w = QL ITWKX

LBL 'WKX —WKXp = K,



L cancels out
BYKX — WKXD = K, \q
Take WKXcommon
WKX(B — @) = Kivy
As

r=1-a-B)PK*?

Then

fr=01-a-pWK
P = (1—a = WKL

Replace Kyyq in fpq

fepr = (1 —a — BYW[WKX(B — O)]?
fryr = (1 —a— P[P — )P KD =Ry
Ry = (1—a—BW[W(B — &) KX = R(K,)
COMPARATIVE STATICS

Derivate w.r.t K

oR(K
ag( ) x— DA —a—PPW(B - )Pt kr&x-D-1
OR(K) _
0K 0
x€(01)

x—1<0
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xx—1)<0
1-a-pYYEB - >0
Kx-D-1 5 ¢
xx— DA —a—RHY[P(P — &) LKXx D1 <0

Therefore, the first derivative is negative
Taking the second derivative

R (K)
a( 0K ) (= DA —a = PY[Y(B — @)L KX-D1)
(0K)? (0K)?
dR(K)
o3

0K)? x(x—1) = Dx(x— 1A —a—BY[WY(B — &)X 1 Kx&-D-2
As

X € (0,1)
So as of which

X—1<0xx—-1)<0xx-1-1<0,
Because of which | can say
XX—Dx&-D -1

(=) *x(=)>0
G- 1D - Dxx— DA —a—-BY[VY(E — o)L KkxxD-2 > 0

p (6}?(1{))

0K

Gy >

Therefore, the second derivative is positive

R(K) is decreasing in K.
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APPENDIX H

In this appendix, | check the ICC constraint for the equilibrium with no corruption.

In addition, I check the comparative statics with respect to K,
ICC CONSTRAINT

EQUILIBRIUM WITH NO CORRUPTION
b* > p(l - 9)(2 + 7ﬂt‘-l-l)

[1-p(1 = ]2+ rias — p) (222) (1 — p8)

b*=[1-p(1 -0t

po

(2+ 1t41)
[01 n 02] 1—pd-0)]

(2+ 7441 —p)(elm) eb

+1

Replacing "8 inb

b*
> p(1—0)(2+ 141)
Oun po (2 + 1444)
[1—p(1—0)]Q2+ ryq —p) () e[ 1- . +1
p Tevr =P (m)‘S( [01+02] T=p0=01" |24 o\ — p)(e,un) b )
Let
0 _
2+ 7re4q — ,0)( rl:ln)«ﬁ:X
b > p(1—0)(2+ 141)
= < 0, po 2+ 144)
[1-p@- 9)]X(1 - [01 + 02]'[1 —p(1- 9)]'[ X 1])
Take L.C.M Xb
b* > p(1—-0)(2+ rt+1)

1-p0- 9)]2(1 - [01%02] 1= p(l —0)] [(2 = Tt“) +Xb )

p(1—0)(2+ 1e41)

0 _
Xb — [01 Yol = pfél —g37- (@ + Tean) + K]

Xb

b*

v

[1-p(1-0)IX
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Cancel out X

p(1—0)(2+ 1141)
_ 02 p@ _
Xb — . A2+ 1444) + Xb]
[1-p(1 —9)]< o7 o) Tpa=ay ! )

b* =

b

p(1—0)(2+ 14q)b

b 2 0 0
[1-p(1-0)] (Xb - [01 +202] S p% —gy7- 1@+ 7 + Xb])

Cancel out b

p(1—6)(2+ 1t41)
[1-p(1-06)]

(Xb a [01 + 02]'[1 —pzzi—e)]'

[2+ 10) + Kb]) >
Simplifying the expressions
pO(2+ 114q) po - p(1—6)(2+ 114q)
<Xb [01 T 02] L—p(1-0)] [01 n 02] [L—p(1-0)] Xb) =T pd-0)]

po > p(1—-0)(2+ Tt+1) pO(2+ 1141)
( [01 + 02] [1-—p(1 - 9)]) [1-p(1-0)] [01 + 02] [1-p(1-0)]

Rb 1~ [01(1202] = ;fﬁ = 9)]) = [1p (—ZpJEle) a-o0+ [012202] d
b > ( [0 j20+] r:i ng - 0)]> = p(1 [(1 -0) + [01 n 02] 9]
As
b* =[1-p(1-06)]%
Replace
[1-p(1-06)t, : )
2+ 14 %
= - O [1-— p(1 [(1 —0+ [01 +202] 9]
( [01 + 02] [1-p(1- 9)])
sl o+ 525

X(1-[or%0;) - r=ra=ay) U~ p(l



As
X =2+ 1001 — p) (H“n)s
Replace
. (24 141)
@t =) (Bﬂ) (1~ oo ] r=rc=on) -
vl
= z(it rt+i) " (Bun 021 po 1-p(1-
@t ra =) (2 (1_[01+02]'[1—p(1—9)]) | p(
il
Let

1

m 1-p(1-06)]

2+ 1) -
> 7
2+ 11— p)

>

2+ 141 — P)Ee 2 Z(2 + Tp4q)

2—=p)te + 11041 227 + 10447

T Tepr — Tl 222 — (2= p)t,
Tep1 (B —2) 2 22 — (2 — p)t,

27— (2-p)t,
Te41 = y—
(t:—2)

Z # f(Ky)

AS

>
o~
Il
>

Where

[(1 0)

[(1 0)

@ ( [01+02] [ 0 ) = p(l [(1 9)+[01+02] 9]
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Tt = Fr41 = ﬁt+1 = ﬁ(Kt)

So above expression becomes

A 22— 2-p)t
RK)yz2———=W
Derivate w.r.t K
ow _
oK

W is not a function of K, W is independent of K.
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APPENDIX |

In this appendix, | give a detail proof for the equilibrium with corruption. | calculate the revenues
of the government through tax receipts, then I calculate the total savings of economy from which
| calculate future rate of interest that will lead to economic growth in a corrupt society.

TAX RECEIPTS, WITH CORRUPTION

Tax revenue = unewt;

1)
2)
3)
4)

Honest HH, Honest By1= (1 — 6)[(1 —6) + 6(1 — A)]
Honest HH, Corrupt B;=(1 —6)6 1

Corrupt HH, Honest B;=6[(1 —8) + 6(1 — 1)]
Corrupt HH, Corrupt B;= 62 1

RVENUES

1) Mismatch

unewi, (1 —0)[(1—0) +0(1 — )] + unewi, (1 —6)0 A
+ unewt 0[(1 —6) + 6(1 — )]
unewt,(1+62—20+60—02—0(1 - +60(1—21)+80 — 6%+ 62— 02 2)
8,6(1 — 1) and 6?Cancel out
(1 — 02 D)unewt,

2) B are corrupt
punewt, 0221

3) B; are caught and fined
Oun
PA=0[W2+ 1041) + (2 + 741 — P)(T)SWb]
EXPENDITURES
c) Wages = mw + suvw= w(m + sv)
d) Government services = G
e) Cost of auditing = internal + external
cniun + cotun
What B, are finned is equal to the cost of auditing to the government such
that

pn .
(p(1—-6)) [W(Z + 1)+ Q24101 —p) (E) Hewb] + punewt, 6°1

= cntun + cotun
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REVENUE=EXPENDITURE
A=1

(1 — 0H)unewt, = G + w(m + sv)
Isolate 7,
_ G+ w(m+sv)
LT (1 - 02)unew

T
Replace

G =¥YKX®

w = BL1WKX

. WKX® + BLT"WKX(m + sv)
T T 1 02 uneBLTWKX

. LYKX® + BYK*(m + sv)
te= (1 —02)uneBYKx

L cancels out
Take WKX common and cancel it

[ L® + B(m + sv)
(1 - 62)unepwKx

T4 ] YKX

. L&+ B(m+sv)
T T = 0Dunep

T

TOTAL SAVINGS, WITH CORRUPTION
HOUSEHOLDS
4) Low-income HH =(1 — u)nw
5) High-income HH (honest) =unew(1 — 7;)(1 — 0)
6) High-income HH (dishonest) =0Aunew(1 — b, — p(1 — 6)%,), (1 —
A)Ounew(1 — 1)

TAX COLLECTORS
B, Honest=[(1—-0) + (1 — )Jmw

B; Dishonest/corruptible =0 Aumw {[1 —-p(A-0)][w+ (%)ewEt(l - (p)]}



TIER TWO BUREAUCRATS
B, Honest = (1 — 68)svw

B, Dishonest/corruptible = (1 — )suw, 20s {[vw + (%2) ewb, o]}
A=1
(1 —wWnw + unew(1 —£)(1 — 0) + Bunew(1— b, —p(1 — 0)%,) + (1 — ) mw
+ Hm{[l —p(1-6)] [w + ( i )awbt(l <p)]} +(1—0)sow

Oun

Replace
. G+w(m+sv)
fe = (1 — 02)unew
G
(1 —-pwnw+ pnew(l — [ (+ WH(Zr)lu:::v)])(l —-0)

G +w(m+ sv)
— 0%)unew

+9,unsw(1—bt p(1— 9)[ )+ (1-0)mw

+ Hm{[l p(1—0)] [W + ( Tl;lln) ewb, (1 — (p)]} + (1 - 6)svw
Bun
+ 0s [UW + (T) swbtgo] =K 4q

Opening brackets and taking L.C.M

(1 — wynw + pmew ((1 — 0 unsw — [G + w(m + SU)]> 1-9)

(1 - 6?)unew

+ Ounew (1 —0H)unew — (1 — 8*)unewb, — p(1 — 8)G + w(m + sv)
H (1 - 062)unew

Oun -
+ (1-0)mw+ 6mw[l —p(1—0)]+6m[1l—p(1—-0)] (%) ewb:(1 — @)
Oun ~ ~
+ (1 — 6)suw + Osuw + s (T) ewb;p = K; 41

Simplifying the expressions
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(1 —wnw + unew(1 — 0) — <[G +(\1N(_n;-2|—)su)]
p(1—0)[G + w(m + sv)]

B ( (1-62)

+0[1 — p(1 — 6)]6unewb,(1 — @) + (1 — 8)suw + Osvw

+6(1 — p)Ounewbep = Ky4q

> (1-6) + Ounew — Bunewb,

>+ 1-6)mw+0mw[l—p(1l-06)]

(1-6)
(1-62)
— Qunewb {1 — 6 — [1 — p(1 — 0)]0(1 — @)} = Kp44

n((1—p) + pe)w + mw[l — po(1 — 6)] + suw — [G + w(m + sv)][1 + 6p]

Total labor supply= fraction low income and high income
Low endowment HH= (1 — u)n
High endowment HH = eun
1-—un+eun= 1L
[A—-p)+euln=1L
Replace L in K, such that

(1-6)

(1-162)
— Qunewb, {1 — 0¢ — [1 — p(1 — 0)]16(1 — @)} = K44

Lw + mw[l —p6(1—0)] + suw — [G + w(m + sv)][1 + 6p]

Replace

G =¥YKXo

w = BL1WKX

b =[1- p(1 -0t

LBLYWKX + mBL "WKX[1 — po(1 — 0)] + suBL™'WKX

-6 . . g
_m[qw @ + FLT'WKX(m + sv)][1 + 6p]

61

— BuneBLT"WKX[1 - p(1—60)]{1 — 08¢ — [1 —p(1 - 0)]16(1 — @)} = K44

L cancels out

Take WKX common



1-06
0 . ~
B WZE.BT [1-p(1-6){1-6¢—[1—-p(1-06)]6(1- (P)}l = Keyq
As
r=01—-a—B)YKX1
Then

7=(-a—pwRK

frpr=0—a-— B)‘Pl?txjf

Replace K;,q in 744

fipr=0—a-— ,B)LP{LPKX [[)’ + %m[l —pb(1—-0)]+ [Lisv

1-6
—((1_—92))[@‘!) +§(m+su)] [1+ 6p]
Ouneft Xt
—— [1-pA-){1-8¢—[1-p(1-6)]6 - @)}l}

B

fopr=0—a—-BY|Y Iﬁ +é—;m[1 —pb(1—0)] +ZSU

(1-6)
C(1-6%)

[CD +§(m+su) [1+ 6p]

Ouneft
L

[1-p(1-6)]{1-6¢—[1-p(1-06)]6(1— CP)}l

= Rt4q

x—1
KX
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§t+1 =(1-a
-V ¥ Iﬁ + %m[l —po(1—0)] + %sv
1-6
_ ((1 — 92)) [(15 + %(m + SU)] [1+ 0p]
Ounefi Xt 1)
~ - p(1 - O)1(1 — 0 — [1 - p(1 - 0)]6(1 - cp)}] KA
= R(K)
COMPARATIVE STATICS
Derivate w.r.t K
OR(K)
k- Ax-D-a
-V |¥Y [IB + %m[l —p6(1—0)] +§sv
1-6
— ((1 — 92)) [(D + é—;(m + sv) | [1 + 6p]
Ounepi X1 _—
—— [1-pA-0){1-0¢- [1—10(1—9)]9(1—(9)}] KX

OR(K) 0
oK

x €(0,1)
x—1<0

xx—1)<0
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1-6
1-a-pV¥ [‘P lﬁ + %m[l —po(1—-0)]+ %sv — ((1 — 02)) [CD + %(m + SU)] [1+ Op]
Ouneft X_l
—— [1-pA-0){1-08¢—[1-p(1-0)]e - cp)}l >0
Kx-D-1 5 ¢
Xx—D(A-a
B B
~ BB +Tmll-po(1 = O]+ sv
(1-0) B
—(1_92) [<D+Z(m+su) [1+ Op]
OunefBt o (x-1)-1
—— [1-pA-0){1-8¢—[1-p(1-0)]6(— cp)}l K*X
<0
Therefore, the first derivative is negative
Taking the second derivative
a(aﬁ(@)
0K
(0K)?
-1
[ ﬂ+%m[1—p0(1—0)]+%sv— ]
al xx— DA —a—-p¥ ‘P| ((11__992)) ® + '[Li(m +sv)|[1+6p] - ‘ KxGeD-1
k l"“’fﬁf [1-p(1-0)}{1- B¢ —[1—p(1—6)l6C1 - cp)}J_
T (@K)?
R (K)
0
((af(’; ). (K&~ 1) - Dx(x— D1 —
B B
-BY|¥Y (B + Zm[l —p6(1—-0)] +st
(1-0) B
YD) [(D+Z(m+su) [1+ 6p]
Ouneft - (1)-2
7 [1-p(1-6){1-0¢p— [1—p(1—9)]9(1—¢>)}l KX

AS
X € (0,1)



So as of which
X—1<0x(x—1)<0xXx—-1-1<0,
Because of which | can say

XX—Dxx—-1D -1

(=)*x(=)>0
-1 -Dxx-1DA-«a
- p¥Y
1-6)
- (1-62)

OunefBt
L

B B
y I,B +Zm[1 —pf(1—0)] +st

[(D+§(m+su) [1+ Op]

[1-p(1-6)]{1-6¢—[1-p(1-06)]6(1- @)}l

>0

0K
(0K)?

Therefore, the second derivative is positive

R(K) is decreasing in K.

x—1
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CKx-1)-2
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APPENDIX J

In this appendix, | check the ICC constraint for the equilibrium with corruption.
In addition, I check the comparative statics with respect to K
EQUILIBRIUM WITH CORRUPTION

bt > p(1—0)(2+ 1141)
[1-p(1 =02+ rias — p) (222 (1 — pB)

b* =[1-p(1-0)]%

[ ] pb (2+ 1e41) 4
01+ 01" [1=p(1 -0 2+ 11— p) (elm) eb
Replacing 8 in b
b*
. p(1—0)(2+ 7141)
0 0 (2 + 1144)
[1-p(1=OIC + 1oy —p) () € < -l 70l == . ;) Eeﬂn) b+1>

Let
@+ s =) () e =%
b* > p(1-6)(2+ rt+91) o )
p Tt+1
[1-p(1-6)IX ( [01+02] [1—p(1—9)]'[ X0 +1])
Take L.C.M Xb
. pél -0)(2+ rt+1) - o
— 5 + 7'+1 +
[1—ﬂ1—@m( [m+0j[ (1—@ [ ; )
b > p(1—6)(2+ 1e4q)

9 _
Xb — [01 - 02] = plzl —gy7- L@+ 7e41) + Xb]

Xb

[1-p(1-6)IX
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Cancel out X

p(1—0)(2+ 1141)
_ 02 p@ _
Xb — . A2+ 1444) + Xb]
[1-p(1 —9)]< o7 o) Tpa=ay ! )

b* =

b

p(1—0)(2+ 14q)b

b 2 0 0
[1-p(1-0)] (Xb - [01 +202] S p% —gy7- 1@+ 7 + Xb])

Cancel out b

p(1—6)(2+ 1t41)
[1-p(1-06)]

(Xb a [01 + 02]'[1 —pzzi—e)]'

[2+ 10) + Kb]) >
Simplifying the expressions
pO(2+ 114q) po - p(1—6)(2+ 114q)
<Xb [01 T 02] L—p(1-0)] [01 n 02] [L—p(1-0)] Xb) =T pd-0)]

po > p(1—-0)(2+ Tt+1) pO(2+ 1141)
( [01 + 02] [1-—p(1 - 9)]) [1-p(1-0)] [01 + 02] [1-p(1-0)]

Rb 1~ [01(1202] = ;fﬁ = 9)]) = [1p (—ZpJEle) a-o0+ [012202] d
b > ( [0 j20+] r:i ng - 0)]> = p(1 [(1 -0) + [01 n 02] 9]
As
b* =[1-p(1-06)]%
Replace
[1-p(1 - &)t : )
2+ 14 %
= - O [1-— p(1 [(1 —0+ [01 +202] 9]
( [01 + 02] [1-p(1- 9)])
sl o+ 525

X(1-[or%0;) - r=ra=ay) U~ p(l



As
X =2+ 1001 — p) (H“n)s
Replace
. (24 141)
@t =) (Bﬂ) (1~ oo ] r=rc=on) -
vl
= z(it rt+i) " (Bun 021 po 1-p(1-
@t ra =) (2 (1_[01+02]'[1—p(1—9)]) | p(
il
Let

1

m 1-p(1-06)]

24+ r _
s @t
2+ 11— p)

2+ 141 = P)Te 2 Z(2 + Tpiq)

2—=p)T + 11041 227 + 10447

T Tepr — Tl 222 — (2 - p)i,
Tep1(Te —2) 2 22 — (2 — p)i,

2Z — (2 - p)i,
Te41 = poR—
(- 2)

Z # f(Ky)

AS

N
o~
Il
N

Where

[(1 0)

[(1 0)

@ ( [01+02] [ 0 ) = p(l [(1 9)+[01+02] 9]
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So above expression becomes

22— 2—-p)t
R(K;) = = =W
O
Derivate w.rt K
ow _,
0K

W is not a function of K, W is independent of K.
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APPENDIX K

In this appendix, | take the ICC constraint for the economy to calculate the value of K for
equilibrium with corruption and equilibrium with no corruption.

EQUILIBRIUM WITH NO CORRUPTION
From Appendix H

2+ _
L TR

T+ Tep1— P)

As
(1—a—RP[WE - 2P KX D=7,,
Let
(1-a-BYWE-d) =5
frp1 = SKXOD

Replace ¢4

. (2 + SKxx-D)
T =10 ¥ SKaeD — p)

Isolating K

(2 + SKX&D — ), > (2 + SKX*-D)Z
(2 — p)t, + SKXX"V2, > (27 + SK¥x-17)
SKX-D¢, — SKxX-D7 > 27 — (2 — p)t,
SKX-D(¢, — 7) > 27 — (2 — p)t,

2Z — (2 - p)t,

Kx&-1 > 22 !

_ 1
s |- 2 p)te /(-1
SG,— 2)

§(7’:—t _Z_) ‘|X(X_1)

Kf = |—
! lZZ—(Z—p)ft
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EQUILIBRIUM WITH CORRUPTION

From Appendix |
7 > 2+ 7t41) 7
2+ 1041—p)
As
A-—a-pV¥Y [‘P [,B + %m[l —po(1-0)]+ %sv — ((11__:2)) [q) +§(m + SU)] [1+ 6p] —

~ x
21 - p(1— 0)]{1— B — [1— p(1 — 0)]6(1 — cp)}]l KXOD=7

Let
(1—a—ﬁ)‘{’[q’[ﬁ+§m[1—p0(1—9)] +§sv—%[¢+é—;(m+su)] [1+ 6p]
Ouneft x
——7—[1-pA-0)]{1-6¢—[1-p(1-0)]6(1~ cp)}l =V

frpq = VKXX-D
Replace 7, ;

o (2 + VKxO-D)
=2 VKD — gy

Isolating K

(2 + VKX&=D — p)g, > (2 + VKXx-D)Z
(2 — p)i, + VKXV, > (27 + VKXX-D7)
\_/KX(X—l)ft —VKX®D7 > 27 — (2 — )i,
VKX0eD (7, — 7) 2 27 — (2 — p)i,

27 — (2 - p)i,
V(E - 2)

Kxx-1) >



> 2Z - (2-p)t e

V(ft _ Z_) ‘|X(X_1)

Ky > |—
’ [22—(2—@@

Where

<l
V
2]

K5 > Ky
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