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ECONOMIC GROWTH MODELING UNDER GOVERNMENT
POLICY UNCERTAINTY

Abstract: In this paper a stochastic approach to the economic growth modeling, influenced by
government expenditure, is proposed. Economic growth optimal control problem formulation in a
stochastic form is concerned. Equilibrium growth rate was obtained using the stochastic maximum
principle following new approach to the optimal control stochastic problem solution, in which the
stochastic dynamic programming formulation takes the form of the maximum principle. This
approach was applied to the solution of the stochastic optimal growth problem of how government
policy, especially as far as corruption is concerned, influences economic growth.
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1. Introduction

Economic growth is the basic component of the sustainable social and economic
development in any country, especially in developing countries like Republic of
Moldova. Therefore, effective government polices in this direction are very imoportant.
Optimal utilization of the government expenditure in order to minimize individual
theft from it is a main problem to solve. It is well known that corruption has
substantial, negative effects on economic growth. So, examination of the optimal
economic growth problem in respect with government spending and its impact on
the rate of economic growth is the main objective of this paper. In this direction
some applications referred to the Republic of Moldova economic growth were
examined in [1-2]. In the present paper the same problem of multiple equilibrium
will be discussed, and for its solving the method [3] will be applied.

2. Problem formulation

As in [4-5] the model of multiple equilibrium in corruption and economic
growth in stochastic formulation will be examined. Suppose that a N individuals
denoted by i € (1, ..., N) are aimed to maximize an objective function
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max(Q = Eﬁe'p’ [lc;_’;jdr} (1)

0
supposed to following restrictions
dk, = dt{(1-7)[wl, + k] - ¢, + S,g0(5) | + udz,
L+S =1Vie(0,1,..,N)
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where E is an expectation operator, and ¢; is particular consumption of the individual
i, and o is the value inverse to the intertemporal elasticity of substitution. It is
assumed that population is constant over time and normalized to 1. At every moment
of time one unit of labor services of each individual are allocated between productive
work, L, and theft from the government, S: L; + S;=1, L; >0, 5,>0Vie (1, ..., N).
Government expenditure takes part from production function as in [6] and may be
suited by rent seekers, who are able either to consume the proceeds or to invest them
in their own firms. The total amount of resources that are extracted by individual i is

— —_ — — 1

S.GH(S), ¢'()>0, 0<P(S)<1VSe(0,1), here S= IO S.di. So, this amount
depends on the time that i spends stealing, S, and the amount of productive
government expenditure available, G. Here ¢(§) represents the proportion of stolen
resources actually kept by the rent seeker. It is assumed that ¢ is a positive function
in respect with S, the total rent steeling activity in the economy. The production

function for firm i is

%:(I_T)[WL:'+rKi]_Ci+SiG¢(§) ®)

dK, = dt{(1-7)[wL, +7K,]- C,+ SGo(S)} = (K ,,C,)dt
dk, = f(k;,c;)dt +udz

“4)

Here k;, c¢; are capital and consumption per capita respectively and dz is a
stochastic Wiener process, u; is a given vector function, and

Sk, c,)=(1-1)[wL +rk]-c, +Sl.g¢(§).

Balanced wage w and rental rate » are determined through the marginal product
of the labor and capital, respectively:

oY, e I
w=—t=oK" LG [1-5¢(S) | =a—,
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Where G is government expenditure, K; is the capital stock belonging to firm i,
§¢(§) is the amount stolen that fails to reach the production processes as an input.
It is assumed [5] that T = G/Y = constant, where T is the constant tax rate. In per
capita indicators, production function looks as: y, = k}'“l;’ { g [1 -S¢(S )]}u.

So, capital per capita belonging to firm i in the stochastic case evolves
according to

dk, = dt{(1-7)[wl, + 7k ] - ¢, + S,g0(5) } + u e,
dk, = f(k,,¢,)dt +udz,

where dz is a stochastic Wiener process.

3. Methodology and data sources

In this study economic growth methodology was applied. Government spending
policy and state functionary corruption have been examined. Stochastic optimal control
problem was formulated. Hamilton-Jacobi-Bellman principle, dynamic optimization
methods have been used.

4. Problem solution

Now, the stochastic optimal control problem may be formulated as maximization
of the objective function Eq. (1) subjected to the restriction following from Eq. (2):
the respective optimality conditions now are:

0 = max {ep’ ( e’ J+dLE(dL)} (5)

c;,Ly.S; 1- o t

and the corresponding HIB (Hamilton-Jacoby-Bellman) equation [8-9] becomes:

2
0 = max F+£+d—Lf+luza—L2 =maX|:F+Lt+ka+lu2ka:|, (6)
¢ dt dk, 2 (ak‘) ¢ 2
J

J

(4) are the corresponding optimality conditions.
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The Hamiltonian function H, for the stochastic case is given as:
1 -
H=F+L+Lf +Eu2Lk,/kx f(k,c)=(A=1)Wl, +rk, —c, +Sgd(S)

second-order term appears from the consideration that the state variable vector
k = (ky, ks, ..., ky), and the vector function u being given, are Itd’s processes
(Ito’s Lemma) [6]. And the derivative of the (HJB) equation with respect to &,

L

kt

1 1
+E Ly f+ L +E“2kak +5(“2)k L, =0, (7)
therefore
1, 1,
L, +kaf+5” Ly ==Ji = filu _E(” )k Ly )

Also, using chain rule and considering second-order contribution of the
derivatives with respect to £ (It6’s Lemma), we obtain:

2
dL, _ oL gy Ol dk g, l(u2) 8—L"2dk2
ot ok dt 2 * (k)
Because from It6’s Lemma, E [d(kz)zuzdt] and substituting previous
equation in the last one, we obtain:
dy ol ol dk 1 7L
dt ot ok dt 2 (ok)
dL,

7 —F = /il _%(”2 )k Ly

)

Deriving previous equation with respect to &, using chain rule and considering
second-order contributions in the derivatives with respect to £ (It6’s Lemma),
we get:

dL,, = oL, dt+ u
ot ok dt 2

%ﬁdr l( 2) aszk dk?
(ok)’

Then, 1t6’s Lemma, chain rule application and substituting Eq. (7) in Eq. (9),
get:

dL, oL, oL,dk 1, , 0L,
e

ik _ Yk u
dt ot ok dt 2 (ak)2
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Equating adjoint variable p to the first derivatives of the objective function L
with respect to state variable £ and o as the second derivatives with respect to the
state variable, the following is obtained:

d 1
L0
dt 2
(10)
90 dof, w2 )0
d t k kk 2 kk

Here p= (W, Wy, ..., Wy) and ® = (o1, o, ..., ®y) are two N-dimensional vectors.

Notice that the resulting problem is a 2n point boundary value problem.
Summarizing for the stochastic case, the Hamiltonian function and the adjoint
equations are:

H:Hf+lu20)
2
du 1
= fn-5 )0, p(T)=c (1
do 1
E: 20, ~ W _E(uz)kk o, oa(T) =0

5. Conclusions

In the present article the problem of correlations between slow economic growth
and corruption for countries, especially those in transition, was formulated and
considered. This problem is represented as stochastic optimal control one and its
solution in stochastic formulation is obtained. In order to get the solution the derivation
of the respective Hamilton-Jacobi-Bellman equation was applied. This method
contributed to obtaining solution in the stochastic maximum principle form containing
the first-order system of the conjugate differential equations. Note that the growth rate
reached in stable condition for the examined problem is the same as for deterministic
case, with one difference — there is an additional ordinary equation characterizing
conjugate variable (shadow price of the stochastic restriction). In the future more
complicated stochastic optimal control problem with the shock above all economy and
with the shocks under productivity in intermediate good sectors will be studied.

Bibliography

Naval, E. (2014) Modelarea impactului corutiei avansate asupra cressterii economice, ACADEMOS.
Revista de stiinte, inovare, culturd si arta, 32, No. 1, 47-51.



96 Elvira Naval 6

Naval, E. (2014) Stochastic Modeling of Economic Growth. In: Proceedings IMCS-50. The Third
Conference of Mathematical Sosiety of the Republic of Moldova, vol. 1, 402—406.

Rico-Ramirez, V. and Diweakar, U. (2004) Stochastic maximum principle for optimal control under
uncertainty, Computers and Chemical Engineering, 28, Elsevier, 2845-2849.

Mauro, P. The Persistence of Corruption and Slow Economic Growth, IMF Staff Papers, 51, No. 1,
1-18.

Mauro, P. (1995) Corruption and Growth, Quarterly Journal of Economics, No. 3, 681-712.

Ito6, K. and Mckean H. P. (1974) Diffusion processes and Their Sample Paths, Springer-Verlag,
New York, second edition.





