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Abstract

The main purpose of this study is to analyze dynamic relations between debts and corruption. We develop a dynamic general
equilibrinm model with endogenous wealth, human capital, corruption, and government debt. The model is a synthesis of
Solow’s growth model, Uzawa’s two-sector model, Diamond’s government debt model, and Uzawa-Lucas’ human capital
growth model with Zhang's approach to household bebavior. We construct and simulate the model. The simulated case has
two equilibrium points, the one with negative government debt being stable and the other one with positive debt being
unstable. We carry out comparative dynamic analysis separately with regard to the two equilibrium points to see transitory
and long-run effects of changes in some parameters. We also point out limitations and possible extensions in the conclusion.
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1. Introduction

Corruption is a global problem (Lui, 1996). It occurs in different parts or processes of social and
economic life. Causes and consequences of corruption are complicated and not easy to identify. It is
obvious that characters, scales and scope of corruption are related to stages of economic growth. Some
theoretical models on corruption and economic growth are published (e.g., Becker, 1968; Rose-
Ackerman, 1999; Shi and Temzelides, 2004; Dzhumashev, 2014; D’Agostino, etal. 2016). Many
empitical studies on corruption and economic growth are conducted (e.g., Mauro, 1995, 1998; Ehrlich
and Lui, 1999; Del Monte and Papagni, 2001; Rivera-Batiz, 2001; Glaeser and Saks, 2006; Swaleheen and
Stansel, 2007; Teles, 2007; Gyimah-Brempong, 2002; Chea, 2015). The literature on corruption is too
vast to be propetly reviewed here. Different researchers emphasize different causes, channels and
consequences of corruption. Like with regard any important issue in social sciences, neither general
convergent theoretical nor convergent empirical conclusion on the role of corruption on economic
growth is obtained. Chea (2015: 187) reveals “From the theoretical background and empirical evidence
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from various studies spread in various countries in the world using different methods over the years,
there are mostly negative findings of economic growth. Nevertheless, there are also positive findings
found on the effects of corruption on economic growth.” Leff (1964) revealed possible positive effects
of corruption on economic development. Long time ago Huntington (1968) pointed out that the
“efficient corruption” in the form of bribery may enable firms to get works completed in a political
economic environment plagued by bureaucratic complexity. Corruption may reduce operations costs so
that the efficiency of the whole system is improved (Mo, 2001). Myrdal (1968) pointed out that
corruption brings about economic loss as officials tend delay permissions of projects in order to get
bribes. The recent review by Dzhumashev (2014: 203) concludes that “the existing literature lacks a
more general approach for interpreting the role of governance, the size government, and the level of
development in the relationship between corruption and growth.” Although different researches
provide many insights into complicated reasons, processes and consequences of corruption, it might
be said that there only a few theoretical dynamic models which deal with issues related to
interdependence between growth, corruption, wealth accumulation, and human capital dynamics. The
purpose of this study is to make a contribution to the literature on growth and corruption by
designing a general dynamic equilibrium framework to reveal consequences of different corruptions.
This is a new contribution to the literature in the sense that it deals with the complicated issues within a
general equilibrium framework.

Government debts are important issues faced by many governments in the contemporary world. Debts
belong to these kinds of economic problems which have to be dealt with in a dynamic general
equilibrium framework. Debt is accumulated and its change is related to related to economic growth, tax
income, interest payments of debt, government fiscal policies, and government expenditures. As shown
Zhang (2005), theoretical economics still lacks a proper and effective analytical framework for examining
complicated dynamic problems. Zhang (2005) tries to change the situation by suggesting an alternative
approach to behavior of household to the traditional Solow or Ramsey approaches. This study applies
Zhang’s approach to examine dynamics of debts with corruption. Fiscal policies are emphasized in some
theoretical models as determinants of persistent economic growth (Hochman, 1981; Wijkander, 1984;
Barro, 1990; Turnovsky, 2000, 2004; Glomm and Ravikumar, 1997, Gémez, 2008; and Park, 2009). We
assume that the government is responsible for providing public services with a single input, officials. The
model in this study also includes another important issue of modern economies. Heavy government
debts are characterized of many contemporary economies. It is often observed that growth models
with endogenous debts may have locally unique or indeterminate equilibrium point, depending on
whether the government uses income taxes, consumption taxes or other policies (e.g., Judd, 1987;
Schmitt-Grohe and Uribe, 1997; and Mankiw and Weinzierl, 2006). Our model also identifies multiple
equilibria. As this study provides a computational procedure to follow motion of the system with any
initial conditions, we can easily show how each equilibrium point is affected in short term as well as in
long term with transitory processes explicitly plotted when some exogenous conditions are changed.

This paper makes a unique contribution to the literature of economic theory with regard to
interdependence between growth, wealth accumulation, human capital change, government debt,
corruption, and government taxation by synthesizing Solow’s growth model, Uzawa’s two-sector model,
Diamond’s government debt model, and Uzawa-Lucas’ human capital growth model with Zhang’s
approach to household behavior. Modelling of economic structure and production is much influenced
by neoclassical growth theory (Solow, 1956; Burmeister and Dobell, 1970; Zhang, 2005). The
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interdependence between education and growth follows the Uzawa-Lucas two-sector model (Uzawa,
1965; Lucas, 1988). There are many generalizations and extensions of the standard Uzawa-Lucas model
(e.g., Jones et al. 1993; Stokey and Rebelo, 1995; Mino, 1996, 2001; Zhang, 2003; Alonso-Carrera and
Freire-Seren, 2004; De Hek, 2005; Chakraborty and Gupta, 2009; and Sano and Tomoda, 2010). We
follow this tradition, even though we analyze household behavior with Zhang’s approach (Zhang, 1993,
2005). It should be mentioned that this model is to integrate the model of endogenous human capital
with education sector by Zhang (2016) with the model of trade with national debts by Zhang (2015) and
the model of endogenous corruption by Zhang (2017). The organization of the rest paper is as follows.
In Section 2 we develop the basic model with dynamic interactions between endogenous wealth, human
capital, corruption, and government debts within a general dynamic equilibrium framework. In Section 3
we provide a computational program which makes it easy to follow the motion of the dynamic system
with computer and simulate the model. In Section 4 we carry out comparative dynamic analysis to show
effects of changes in some parameters on the economic system over time. In Section 5 we conclude the
study. In the Appendix we prove the results in Section 3.

2. The basic model

The model in this study is to integrate the model with endogenous human capital with education sector
by Zhang (2016) with the model with endogenous corruption by Zhang (2017). The economy is
composed of one industrial sector, one public sector, and one education sector. The industrial sector
produces a single industrial good in the economy. We choose the price of the industrial good to be unit
and to measure all prices. The industrial sector is basically similar to the sector in the standard one-sector
neoclassical growth model (Solow, 1956; Burmeister and Dobell, 1970; Barro and Sala-i-Martin, 1995).
We classify the population into two homogeneous groups with fixed numbers, officials and workers.
Workers are fully employed by the industrial and education sectors. The officials are fully employed
by the public sector. Work hours of each group are endogenous. Assets of the economy are owned by
officials and workers. Wealth accumulation and human capital are endogenous The education and
industrial sectors use labor and capital inputs and public services to produce. All markets are perfectly
competitive. Factors are fully utilized at every moment. We introduce the following variables

J - subscripts for workers (j =1) and officials (j = 2), respectively;

NJ and N - ﬁxed population of group ] and the total population, N = Nl + Nz;
(t) and W - rate of interest and group 'S wage rate per unit of time;

p(t) price of educatlon per unit time;

T, (t) ( ) and T, (t ( ) work, leisure, and education time of group j'S household;

c j('[) and S, ( ) - consumption and saving of group 'S household;

i (t) and h; (t) - labor supply and human capital of group J;

N
N, (t) and K, (t) - group 1'labor force and capital employed by sector @, q =i, €
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K(t) and D(t) - total capital of the economy and the government’s debt;

d, (t) - the amount of the government’s debt owned by group j's representative household;

Izj (t) and &, (t) - value of physical wealth and total value of wealth owned by group 'S representative

household;
7, - the government’s tax rate on sector g's output, q =1, €;;

¢, and @, - fixed corruption rate on output level of sector gand ¢, =1 - ¢, — 7;
¢, and @, - corruption rate on workers’ income from wealth and ¢, =1 - ¢, ;

@, and @, - corruption rate on workers’ wage income and ¢, =1 - ¢, ;

0, and &,; - depreciation rates of physical capital and group 'S human capital.

We have N ('[) as follows
N (£)= b ONT, ), (1)

where M, is group 'S utilization efficiency of human capital. As only workers are engaged in

education sector and workers are fully employed, we have
N; () + N (t) = N, (t). 2)

The industrial sector
We specify the industrial sector’s production function as follows

Fi(t): AG” ('[)Kimi (t)Niﬂi (t), o+ p =1 A.,6,q, 5 >0, )

where A, 6,, a; and f; are parameters. Different from Chen and Guo (2013) but similar to de Vaal

and Ebben (2011), we take account of possible effects of public goods G(t) on productivity. Here, we
neglect any effect of corruption on firms’ capital and labor force. The marginal conditions are

((t)+ 5, = ailfgi)(t), w(t) = B4 F(t) @

Ni(t)
The education sector
We specify the education sector’s production function as follows

F()= AG* (K ONL() o + 4 =1 A, 0., a, >0, 6)

where A,, 6,, o, and f, are parameters. The marginal conditions are
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Workers’ disposable income budget constraint
If there is no corruption on the worker, the current income is F(t)k(t) + w,(t)h™ (t) + r(t)d,(t). The
total value of wealth that the representative household can sell to purchase goods and to save is al(t).

We assume that selling and buying wealth can be conducted instantaneously without any transaction
cost. The disposable income is

ky(t) + dy () + )k, (t) + B (©)w )T, (0) + r(t)d, (0)

After paying the corruption fee to the officials, the representative household’s disposable income Y, is

5,(t) = AR (M), (t) + 4, H, (Ow 0T, ), )

where
a(t) =k (t) + d(t), H,(t)=h" (), RE)=1+r(t)

The worker spends the disposable income on saving Sl(t), consumption Cl('[), and education fl(t)
The budget constraint implies

6.(t) + s,(t) + pOT,(t) = %, (t). (8)

Equation means that consumption, education, and saving exhaust the consumer’s disposable income.
The (fixed) available time for work and leisure is denoted by T,. We have the time constraint for each

group as follows

TO+T,0)+T,t)=T,, j=1 2. )

]

Insert (7) and (9) in (8)

a(t) + )+ mET,0) + pOT.E) = 7.0) = 4 RE)a,t) + WOT,, (10)
where
W,(t) = ¢, H (Ow(t), pi(t) = p(t) + W(t).
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where P, (t) is the opportunity cost of the worker’s education and Wl(t) is the worker’s wage income.

Officials’ disposable income and budget constraint
We assume that the representative official’s wage income per unit of qualified work time is paid in
proportion to the worker’s wage rate per unit work time as follows

Wz(t) = U, HZ(t)Wl(t)' (1)

where U is determined by the government and H z(t) = h)"” (t) The official wage rate is proportional to

the worker’s market wage rate. The representative official receives the total income due to corruption as
follows

)= 4F0 4 OUE ) ARDRON £ A HOURTOS,
The representative official’s disposable income ¥, is
2(t) = RE)2, () + Wy (0)T, (1) + w, (1) (13)

The official spends the disposable income on saving S, (t), education i(t), and consumption C, (t)
We have the budget constraint as follows

¢, (t) +5,(t) + pU)T,(t) = 9, (t). (14)
Insert (9) and (13) in (14)
¢,(t) + 5,(t) + T, (1) + p,OT, () = 7, (t)

where p, (t) =W, (t) + p(t), which is the opportunity cost of the official’s education.

R(t)a,(t) + W, ()T, + w,(t).
(15)

The utility functions and optimal decisions

The representative household in each group chooses four variables, C j(t), S j(t), '|Tj(t), and 'FJ('[)
subject to the budget constraints. We apply Zhang’s utility function U, (t) as follows

U;(t)=u;GO).OT T M)ef” )7 (), ooy 10+ oy Aoy > O,
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where U; is a time-dependent variable, oy;, 7y, &p;, and A;; are called respectively the

worker’s/official’s propensity to stay at home, to receive education, to consume good, and to hold
wealth. Maximizing U ; subject to budget constraint (10)/(14) yields

V_Vj (t)-rj(t) =0 yj (t)' pj(t):l:j (t) =1 yj (t)' Cj(t) = é:j yj (t)’ Sj(t) = /Ij yj (t)’ (16)
where

1
P = » O = POy 1= PiMljs 6 = PiSojr A =Pyl
J O_oj +770j +§0j +ﬂ*0j J 170j J §°10j J 1=0j J J J

The wealth accumulation
According to the definitions of S, (t) and @, (t), the change in the household’s wealth is given by

aj(t)zsj(t)_aj(t)' (17)
This equation tells that change in the wealth is equal to saving minus dissaving.

The public sector
All the government’s tax income is spent on the public sector and paying government debts. We

assume that public services are dependent only on the officials’ labor input Nz(t). We describe the
public sector production function as follows

G(t)= A NJ(t), A, »>0. (18)
The government’s tax income is
Ip(t) = Ti Fi (t) + z-e p(t)Fe(t)' (79)

The government’s expenditure is

Yp(t) = Wz(t)Tz(t)Nz- (20)

The government budget

Following Diamond (1965) and Barro (1974), we assume that the government issues an amount debt
D(t), which may be considered as real-valued bonds. It is supposed that asset holders regard equity and
government bonds as perfect substitutes. The debt pays the amount of real interest r(t)D(t). The

government finances current spending by collecting taxes and issuing interest-bearing debt. The
dynamics of public debt is
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D(t) = r(t)D(t) + Y, (t) - 1,(t). (21)
As the debt is owned by households, we have
D(t) = dy(t)N, + d, (N, 22)

For simplicity of analysis we don’t introduce possible corruption of the officials on governance and
government expenditures. The interaction between corruption and governance may affect the
efficiency of public spending, which will influence growth (Dzhumashev, 2014).

Wealth being owned by the households and full employment of capital
The wealth owned by the two groups and full employment of capital imply

k(ON, + k, ()N, = K(t), K,(t)+ K,(t)=K(t). (23)

The demand equaling the supply
Change in physical capital is the output of physical good minus the total consumption and
depreciation, i.e.

2

K(t)=F(t)+>ct)N, - 5 K(t). (24)

j=1

Demand for education and supply of education balances
2 ~ —_
2 TN, =R ). (25)
j=1

Accumulation of human capital

In our approach, human capital accumulation is through education. It costs household money and time
as just modelled. We follow Uzawa (1965) in modelling human capital accumulation. We generalize
Uzawa’s human capital accumulation as follows

fi(t) = vy (F. (©)/ ’\_'h): ((th)j“ '(t) ej(t))%j ~5,hi(t), (26)

where dy; (> 0) is the depreciation rate of human capital, v,

o+ M, dg, and bej are non-negative

parameters. The sign of 7, may be negative or positive. The equation implies that human capital rises in

education service per unit time, F, (t)/T,(t)N, and in the (qualified) total study time, (H "(t)T, (t))]e .
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The term 1/H™ implies that learning through education may exhibit increasing returns to scale in
the case of 7, < 0 or decreasing returns to scale in the case of 7, > 0.

We built the model. The dynamic general equilibrium model describes the interdependence between
wealth accumulation and human capital accumulation of the workers and officials, public good
supply, income and wealth distribution, endogenous labor supply, and economic structure with
different ways of corruption. The rest of the paper examines properties of the model.

3. The behavior of the model

This section examines properties of the nonlinear dynamic model. Although there are many nonlinear
interactions in the model, we show that we can simply follow its motion with computer by providing
a computational procedure. To describe the procedure, we first introduce a variable

2(0) r(t) + 5, |

T w)

We prove the following lemma, demonstrating how to follow the motion of the economic system.
The following lemma is checked in the Appendix.

Lemma
The dynamics of the economic system is governed by the following five differential equations with five

variables, Z(t), G(t), az(t), hl('[), and hz('[)

G(t) = Qs (2(t), G(t), hy(t), hy(t). a,(t)),
8,(t) = ©,(2(t). G(t), hy(t), hy(t). ,(1))
h;(t) = Qy((t), G(t), h(t), hy(t). a(t)), §=1,2, 27)

where Qx(t) is are functions of Z(t), G(t), az(t), hl(t), and h, (t) defined in the appendix. The
values of all the other variables are uniquely determined as functions of Z(t), G(t), az(t), hl(t), and
h, (t) at any point in time by the following procedure: I‘(t) and W( ) by (A2) — p(t) by (A4) —
W,(t) by definition — W,(t) by (11) — p,(t) by definiton — a(t) by (A22) —D(t) by (A21) —
Yo(t) by (A20) = (1) by (45) =¥, (t) by (A5) — ¢;(t). 5,(1), T;(t) and T;(t) by (16) — T,(t) by
(A7) = T,(t) by (A18) — N, (t) by (1) = K;(t) by (A13) = N, (t) by (A1) — Fy(t) by (A3) —

1, (t) by (19) — Y, (t) by 20) — w,(t) by (12).
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We don’t explicitly present the expressions as they are tedious and not easy to interpret the analytical
expressions. For illustration, we simulate the model to demonstrate dynamic properties of the model.
The parameter values are taken on the following values

N, =100, N, =10, T,=24, u, =15, o =03, a, =032, A =12, A =1,

A, =15, y=06, m =05, m,=06, 6 =03, 6,=06, 7, =006, r, =0.04,

&, =015, A, =07, 7, =005, o, =02, &, =015, A, =08, 7, =0.06,

0, =018, 6=01, y=03, r=001, ¢ =01, ¢ =0.1, 4 =0.086,

¢, =0.085, b, =0.35, b, =0.35, v, =05, v, =06, 7, =04, 7, =03,

5, =0.05, &, =005, &, =0.045. (28)

The ratio between the workers and the officials is 10:1. The representative worket’s relative propensity
to save and the official’s relative propensity to save are respectively

0.7 0.8 8
= —0.7> 1, = =—
0.7 + 0.2 + 0.05 + 0.15 0.8 +0.15+0.18 + 0.06 119

A

The official’s propensity to save is lower than the worker’s propensity to save. Intuitively this implies that
in this neoclassical growth model corruption may harm economic growth as the wealth is shifted from
the group with the higher propensity to save to the group with lower propensity to save. The
representative worker’s relative propensity to receive education and the official’s relative propensity to
receive education are respectively

0.05 0.06 6
- —0.05<7, = -
0.7+ 0.2 +0.05 + 0.15 0.8 +0.15+0.18 + 0.06 119

m

The worker’s propensity to receive education is slightly lower than the official’s. The depreciation rates
of human capital and physical capital are approximately 0.05. Human capital accumulations of the two

groups exhibit decreasing return to scale. The government fixes the wage rate at 1.5. The official gets
higher wage income per unit of time if the two groups have the same level of human capital. The tax
rates on the production sector and education sector are respectively 6 and 4 percent. We fix the
different corruption rates approximately 10 percent. Under (28) we identify two equilibrium points. The
variable values at the equilibrium point with negative government debt are

r=-0007, w, =1239, w, =7.03, W, =19.9, W, =67.7, p =1.05,
p, =20.96, p, =688, h =9.6, h, =222, N, =3472, N, =148.4,
K, = 243562, K, =2034, F, =41195, F, =299, Y =41509.7, | = 2484,
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Y, =1565, G =30.1, D=-124547, a =719, a, =4914, ¢, =154.1,
c,=9213, T, =112, T, =103, T,=245, T,=231, T,=163, T, =5.36.

(29)

The rate of interest and debt are negative at this equilibrium. It should be remarked that the net cost of
capital for producers positive, that is

r + o, =—-0.007 + 0.05 > 0.
The five eigenvalues at this equilibrium is

{-1.815, —0.416, —0.061, —0.05, —0.024}.

The stability is important as it implies that the system will converge to the equilibrium point listed in (29).
We specify the initial conditions near the equilibrium point as follows

2(0) = 0.0058, G(0)=31, h(0)=9.4, h(0)=22, a,(0)=4900. (30)

We plot the motion of the system near this point in Figure 1. We see that the system moves toward the
equilibrium point, some variables rising and some variables falling from the initial point.
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Figure 1 - The motion of the system with negative government debts
The variable values at the equilibrium point with positive government debt are

r=0056, w, =161.3, w, =09, W, =244, W, =86, p=1.12,

p, =356, p,=9.67, h =88, h,=216, N,=3178, N, =0.23,

K, =10898, K, =721, F, =4594, F, =2486, Y =48717, | =286.7,

Y, =031, G=062, D=5094.9, a =9.7, a, =704.1, ¢, =207, c, =132,

T, =10.75, T,=11.3, T,=1.94, T,=0004, T, =185, T, =55. (31)
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The national output at this equilibrium is lower than the equilibrium point with negative debt. The
eigenvalues at this equilibrium point are

{-0.362, —0.069, —0.043, 0.039, 0.026}.

The system at this equilibrium is unstable. This implies that comparative dynamic analysis is invalid over
long period of time. We specify the initial conditions near the unstable equilibrium point as follows

2(0)=0.12, G(0)=0.62, h(0)=8.8, h,(0)=21, a,(0)=704. (32)
The changes of the variables over time are plotted in Figure 2.
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Figure 2 - The motion of the system with positive government debts
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As the equilibrium point is unstable, it informs us that comparative dynamic analysis cannot be
effectively conducted. We follow the motion of the economy for a short period of time in Figure 2. The
debt rises without limit. It is well known that some neoclassical growth models with debts have saddle
points (e.g., Turnovsky and Sen, 1991, Lin, 2000). The equilibrium point in this study has similar features
as in these models. It is significant to plot shifts of paths with changes in public policies and other
parameters because the focus on unstable steady states does not provide enough information for
describing behavior of the system. Michel et al. (2010: 925) describes: “To operationalize the notion of
unstable government debt dynamics, we consider steady states which are locally unstable under the
assumption of a permanently balanced primary budget. However, the economy can be stabilized at
these steady states if one allows for appropriate budgetary adjustments. For tractability, we consider
debt stabilizing rules that specify these adjustments as a linear function of the two state variables of
the model (physical capital and real government debt). Moreover, we assume that such adjustments
can be brought about by two different instruments (government consumption or a lump-sum tax on
young agents).” This study will not examine how to stabilize the equilibrium point with low national
income and high government debt. We are concerned with the impact of changes in some parameters
on the two possible paths of the economic development.
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4. Comparative dynamic analysis

The previous section plotted the motion of the economic system with the initial condition. This section
shows how a change in any parameter alters the motion of the system. As the system has two
equilibrium points and one is stable and the other one is unstable, our comparative dynamic analysis are

effective only locally. We use the variable, KX('[), to represent the change rate of the variable, X(t), in
percentage due to a change in the parameter value.

4.1. A fall in the corruption rate on the industrial sector

We first study how the economic system is affected when the corruption rate on the industrial sector is
reduced as follows: ¢ : 0.1 = 0.098, where “=>" stands for “being changed to”. The effects on the

stable equilibrium point are plotted in Figure 3. The national capital stock rises initially and changes
slightly in the long term. The national output rises. The official’s and worker’s wage rates per unit time,
W, and W,, rise over time. The corrupt income per official W, is increased. The government debt rises

initially and changes slightly in the long term. The government tax income, expenditure and service are
all increased. The rate of interest rises initially and falls in the long term. The education fee and the
opportunity costs of the two groups rise. The official’s human capital falls and the worker’s human
capital rises. The officials’ total labor supply changes slightly and the workers’ total labor supply rises.
The industrial sector employs more labor force and the education sector employs less labor force. The
two sectors employ more capital stocks. The industrial sector expands. The education sector shrinks
initially and changes slightly in the long term. The officials work longer hours and the workers slightly
change their work hours. The officials reduce their leisure and education hours. In the long term both
the officials and workers increase their consumption and wealth. Examining the effects of vatious
variables on the officials’ wealth and income, we see that it is mainly due to the increased work hours
that enables the official to own more wealth and consumes more.
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Figure 3 - Reduce corruption rate on industrial sector near path
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Figure 3 plots the impact on the stable equilibrium point. We describe the effects on the unstable
equilibrium point in Figure 4. As the equilibrium point is unstable, we can follow the system only in a
very short period. Comparing Figures 3 and 4, we see that the directions of the effects are different in
the two cases.
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Figure 4 - Reduce corruption rate on industrial sector near unstable path

The effects on the unstable equilibrium point are listed in (30).

r=-13, Aw, =286, Aw, =285, AW, =304, AW, =299, Ap=-0.28,

p, =207, Ap, =264, Ah =3, Ah, =185 AN, =016, AN, =158.3,

K; =31, AK, =7.03, AF =297, AF, =66, AY =284, Al, =288,

Y, =232, AG=76.7, AD=30.3, Aa =30.2, Aa, =29, Ac1:30.2,

Ac, =29, AT,=-13, AT, =-0.11, AT, =79, AT, =155.5 AT, =-0.65,

AT, = 2.1. (33)

> B> Bl l>|

4.2. A rise in the corruption rate on the worker’s wage income

We examine how the economic system is affected when the corruption rate on the wage rate is enhanced
as follows: ¢, : 0.085 = 0.086. The effects on the stable equilibrium point are plotted in Figure 5. The

national capital stock falls. The national income falls initially and rises in the long term. The official’s and
worker’s wage rates per unit time and official’s corrupt income fall over time. The government debt falls
initially and rises slightly in the long term. The government tax income, expenditure and service are all
reduced. The rate of interest rises initially, then falls, and rise in the long term. The education fee changes
slightly and the opportunity costs of the two groups fall. The official’s human capital rises. The worker’s
human capital rises initially and falls in the long term. The officials’ total labor supply rises. The workers’
total labor supply falls initially and changes slightly. The worker’s time distribution changes slightly in the
long term. The official works less hours, has longer leisure time, and spends more time on education.
The officials and workers own less wealth and consume less in the long term. The education sector’s
output changes slightly. The industrial sector’s output is reduced.
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Figure 5 - Raise corruption rate on worker’s wage income on stable path

We describe the effects on the unstable equilibrium point in Figure 6.
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Figure 6 - Raise corruptlon rate on worker’s wage income near unstable path

The effects on the unstable equilibrium point are listed in (31).

Ar=06, Aw, =-96, Aw, =-9.2, AW, =-9.9, AW, =-9.6, Ap=0.2,

Ap =-67, Ap,=-85, Ah =-13, Ah,=-08, AN, =-0.11, AN, =-30.9,
AK; =-10, AK,=-29, AF, =-97, AF, =-28, AY =-93, Al =-94,
AY, =-373, AG=-199, AD=-99, Aa, =-98, Aa, =-94, Ac, =-98,
Ac, =—9.4, AT, =06, AT, =005, AT, =-3.35, AT, =-30.6, AT, =0.29,
AT,

=-0.96. (34)
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4.3. A rise in the worker population

We now study the impact of a rise in the worker population on the economic system as follows:
N, :100 = 101. The effects on the stable equilibrium point are plotted in Figure 7. The national capital
stock and national output fall initially and rise in the long term. The official’s and worker’s wage rates per
unit time fall. The official’s corrupt income rises over time. The government debt falls initially and rises
in the long term. The government tax income falls initially and is enhanced in the long term. The
government expenditure and service are decreased. The rate of interest rises initially, then falls, and rises
in the long term. The education fee changes slightly. The opportunity costs of the two groups are
lowered. The official’s human capital rises. The worker’s human capital rises initially and falls in the long
term. The officials’ and workers’ total labor supplies are increased. The worker’s time distribution
changes little in the long term. The official works less hours, has longer leisure time, and spends more
time on education. The officials and workers own less wealth and consume less in the long term. The
education sector’s output is augmented. The industrial sector’s output falls initially and is increased in the
long term.
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Figure 7 - Rise in worker population near stable path
We describe the effects on the unstable equilibrium point in Figure 8.
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The effects on the unstable equilibrium point are listed in (32).

Ar=16, Aw, =-189, Aw, =-19, AW, =-20, AW, =-20, Ap =044,

Ap, =-137, Ap,=-176, AN, =-3, AN, =-19, AK, =068, AK, =-55,

AF =-20, AF,=-59, AY =-193, Al =-55, AY, =-185, AG=-187,

AD =-63.8, Aai——383 Aa, =-19.9, Ac, =-20.1, Ac, =-194,

AT, =12, AT, =013, AT,=-7.4, AT,=-54.8, AT, =0.66, AT, =-2.2. (35)

4.4. Raise the official’s wage ratio

We examine the effects of the following rise in the official’s wage ratio on the economic system:
Uy : 1.5 = 1.51. The effects on the stable equilibrium point are plotted in Figure 9. The national capital

stock and national output are enhanced initially and are affected slightly in the long term. The
government debt rises initially and changes slightly in the long term. The rate of interest rises initially and
falls in the long term. The government tax income, expenditure and service are all augmented. The
official’s and worker’s wage rates per unit time and the official’s corrupt income are enhanced. The
education fee is slightly affected. The opportunity costs of the two groups are augmented. The official’s
human capital falls initially and changes slightly in the long term. The worker’s human capital is reduced.
The officials’ and workers’ total labor supplies are little changed in the long term. The two sectors are
changed slightly in the long term. The official owns more wealth and consumes more. The worker’s
long-run wealth and consumption levels are slightly affected.
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Flgure 9 - Raise official’s wage ratio near stable path

We describe the effects on the unstable equilibrium point in Figure 10.
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Figure 10 - Raise official’s wage ratio near unstable path

The effects on the unstable equilibrium point are listed in (33).

r=-115 Aw, =186, Aw, =17.9, AW, =19.1, AW, =19.6, Ap =-0.34,

p, =13, Ap, =173, Ah =2, Ah,=13, AN, =0.15, AN, =87.9,

K, =197, AK, =48, AF =19, AF, =45, AY =181, Al =184,

Y, =123.1, AG=46, AD=19.6, Aa =19, Aa, =19.1, Ac, =19, Ac,=19.1,

AT, =-0.86, AT, =-0.1, AT, =53, AT, =865, AT,=-0.5, AT, =15. (36)

A
A
A
A

5. Conclusion

This study proposed a dynamic general equilibrium model with endogenous wealth, human capital, and
corruption, and government debt. It is a synthesis of Solow’s gowth model, Uzawa’s two-sector model,
Diamond’s government debt model, Uzawa-Lucas’ human capital growth model with Zhang’s approach
to household behavior. The population is classified into workers and officials. The economy is
composed of one (private) production sector, one education sector, and one public sector. Production
and education sectors are perfectly competitive. Public service is supplied by the public sector finally
supported by the government’s tax income with a sole input factor, officials. Public services affect
productivities of the production and education sectors and people’s welfare. Officials are corrupt in the
sense that they take bribes from the private sectors and households. Corruption is measured by
corruption rates on the output level of the production sector, wealth interest returns and wage income
of workers. We simulated the model and carried out comparative dynamic analysis to see transitory and
long-run effects of changes in some parameters. The economic dynamic with the specified parameters
values have two equilibrium points, the one with negative government debt being stable and the other
one with positive debt being unstable. We carried out comparative dynamic analysis separately with
regard to the two equilibrium points. The comparative dynamic analysis provided insights into the
complicated impact of corruption on economic growth process. It also has some implications on
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political decision makings. For instance, in order to reduce corruption a government may increase
officials’ wage rate.

Our result implies that the efficiency of this commonly practiced method in reducing corruption is
situation-dependent. If the system is stable, then the policy encourages corruption as the corrupt
officials get more income and gaps of consumption and wealth between the workers and the officials
are enlarged. If the system is currently near the unstable equilibrium point, the policy harms both the
officials and workers even though the government appears cleaner in the sense that the corrupt income
is reduced. It should be noted that our model may be generalized and extended in different ways. Our
comparative dynamic analysis is limited to a few cases. We might get more insights from further
simulation. There is a vast literature on corruption. But there are relatively few macroeconomic
growth models with endogenous wealth and human capital in a dynamic general equilibrium
framework. Not all officials are corrupt. It is important to examine co-existence of corrupt and clean
officials and their mutual-dependent impact on societies. Another important issue is possible
existence of multiple channels and forms of corruption. Dynamic interdependence between
institutional structures, economic development and corruption networks. For instance, corruption may
discourage innovative activities as innovators need government’s support (e.g., Mo, 2001).
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Appendix

From (4) and (6) we have

ZEr+6k=_Ni =_Ne ’ (A1)
Wl ﬂi Ki ﬂe e
where B, = B,/ a,. From (A1), (3) and (4), we have
n 6, 5—q;
r(z,G)=a,¢ A B/ G* 2" - §,, wl(z,G):’BiﬂAl‘EE L (A2)
Equations (3), (5), and (A1) imply
Fo=N,f,, a=i.e, (A3)
where f, (z,G)= A, G™ /,Eqa“ 2™ . From (A3) and (6) we have
W,
p=—o—m. (A4)
ﬂe ¢e fe
From (10) we have
%.(2,G. &)= dRay + WT,. (A5)
From (16) and (A5) we have
'E=01T0+Gl¢k_Ra1, -ﬁ:n1¢kRa1+W1771T0. (AG)
W Py Py
Equations (A6) and (9) imply
T,=n -Na, (A7)
where
_ W, 7 _ (o 7
Ny =|1- LT, n=|=++-*+|R
S TARPRETAR
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From the definition of N, and (A7) we get
N, =n, —ma,, (A8)

where

mH,N, n=nHN,.

No
From (12) and (A3) we have

w :¢|Ni fi +¢e pNe fe tnca1+ﬁ0¢leW1N1'

A9
c N, (A9)
where we also use (A7) and
n = ¢kRN1 _ﬁi¢wH1W1N1_
: 2
From (A1), (A8) and (2) we have
K+ BK, =2 -2 (10
z z
From (20) we have
K, + K, =k N, +k,N,. (A11)
From (A11) and (22)
Ki+K,+D=aN, +a,N,. (A12)
From (A12) and (A10) we solve
Bn, Bn S - =
Ke:IBZO - Blzai —a N —-a N, + D,
N ' (A13)

where
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By (A1) and (A12) we have

>

N; = ﬁio + ﬁilal + r~]izaz - /Eo D, N, = ﬁeo + ﬁelai + ﬁezaz + Eo D (A14)
where
ﬁ|o E_Bno' ﬁilz(_ez_l—i_nl)ﬁ’ ﬁiz Eﬁ_ez_z’
neo_ﬂeﬂn01 ﬁelE_ﬂﬂenl_ﬂ eZNl’ ﬁ@.ZE_ﬁ eZ_Z' OEﬁ Z,
By the definition of Y, we have
yzzyo"'ylai"‘yzaz"‘ycj D, (A15)
where we use (A9), (A14) and
yo EWZTO + n0¢w lel Nl +ﬁe0 ¢e_p fe+ﬁio ¢|_f| ’ ~lETC |1¢| fl el¢ip fe’
Nz N, 2 N, Nz N,
- n.,¢ f f, -~ B. ¢ f B, f
y2: +|2ﬂ| 2¢p 'ydE_ Ofl|+0¢ipe.
N, Nz 2 N,
From (22), (A3), and (A14), we have
n1y1N1+772y2N =fn,+ f,n,a + f,n,a + f. 5, (A16)
Py P,
Insert (A5) and (A15) in (A16)
0a +uUa +u,D+0, =0, (A17)
where
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UOEUZN2VO+V_Vln1N1TO—feﬁeo, UlzakRn1N1+le72N2 _ﬁel f,
P, Py Py P,
YN, o Yy N, o
u, = 22 2_nezfe’ udEM_feﬂo-
P, P,

From (1), (18) and (19) we have

1y
T-|&| L (A18)
A | H,N,

P

From (16) and (9) we have

T,=T, —(%Jr%jyz- (A19)
2 2

From (A18) and (A19) we have

1y -1

= G 1 n, o

=Q,(z,G,h,h)=|T, - | — — || &+ 2| . A20
Vo = (2, G, by, hy) o(%j}tm( j (A20)

From (A20) and (A15) we have

D=ﬁaamwmqaas%_“_$%_”%- (a21)
d

Insert (A21) in (A17)

_ o~ o~ o~ -1
8 =0z, G0, by, a,)=|ma + TP T Yo~ T y}(—j |
y
(A22)

We show now that all the variables can be expressed as functions of Z, G, a,, h, and h, as follows:
r and W, by (A2) — f; and f, by (A3) — p by (A4) — W, by definition — W, by (11) — p; by
definition —a, by (A22) — D by (A21) — V¥, by (A20) —V, by (A5) —V, by (A5) — ¢;, s, T~j
and -FJ by (16) — T, by (A7) — T, by (A18) — N; by (1) > K; by (A13) —> N; by (A1) > F; by

(A3) — |, by (19) — Y, by (20). By this procedure, (17), (21), (24), and (26), we have
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(F/Naﬂ@ T

h- :th(Z,G, hl! h2’ aZ)

We take derivatives of (A21) and (A22) with respect to time

DzaQZ+6QG+th1+

8Qh

oQ .

oz oG oh

oh,

ay,
2 58.22

:6QZ+GQG+6Q

)+
022 6% T on

Insert (A24) and (A26) in (A27)

where

M,(z,G,h,h,a, +Q

M.(z,G,h,h, a)=Q a—Q+Q 0€

GQH

oh,

)20, 22 o 09,
hlahl h28h2

—+
hlah1 hZah2

Insert (A23) and (A25) in (A28)

8, 8 oy

0z 0G

a—Qz+8—QG Q, -M,
0z 0G

Solve linear equations (A29)

oQ |
+

> da,

2+

oQ
28_8.21

o0
2oa,

hJ J’

j

=1, 2.

(A23)
(A24)
(A25)

(A26)

(A27)

(A28)

(A29)
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z :Qz(LG' h1’ hz’ a2)1
G=0Q.z,G, h,h,a).

(A30)

We thus determined z, G, a,, h, and h, by (A30), (A24) and (A26). We thus proved the lemma.
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