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Abstract

This paper presents a small open economy model of endogenous growth
and analyse the effect of public investment as an infrastructure and the
debt/GDP ratio on long run growth. Part of capital stock is allocated to
public investment as a form of Infrastructure. The model is calibrated to
fit data for Turkey, a small open economy which is trapped in a Ponzi-
style finance of its high public debt and the inadequate and inefficient
accumulation of public capital. Simulations suggest that the infrastruc-
ture and fiscal policy can significantly affect the long run optimal growth
rate. Hence a better infrastructure and a lower government debt/GDP
ratio could improve Turkish long run economic growth.
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1 Introduction

’When infrastructure is missing, productivity of all factors will be lower’.
There has been a resurgence in the debate about the productivity effects

of infrastructure on long run economic growth. As Gramlich (1994) empha-
sized that there are difficulties of accurately pinning down the contributions of
infrastructure to growth.
Empirical studies of growth and government spending indicates that there

is a negative correlation between growth and government consumption/GDP
ratio. However, if government spending is for productive purposes the correla-
tion becomes positive but not as strong as total investment effect (Barro 1990
and Diamond, 1989). Diamond finds overall government expenditure is neg-
atively correlated to economic growth but the productive current government
expenditures and human capital have positive correlation.
Most urgent infrastructural problems in NIC’s are public transport, roads,

railways, ports, airports, energy, communication, provision of water and sani-
tation. After the earlier study of Aschauer (1989), Esterly and Rebelo (1993)
supported the link between investment in transport and communication and
growth. Canning, Fay and Perotti (1994) also argued in favour of the link
between telecommunication and economic growth. In contrast, ( Hulten and
Schwab (1991), Tatom (1993), Holtz-Eaking (1994), Holtz-Eaking and Schawrtz
(1995), Garcia-Mila, Mc guire and Porter (1996) suggest that there is a little ev-
idence of an effect from infrastructure to income growth. It is clear that there is
a dispute over this issue and the verdict is out. Main objections to the argument
stems from the fact that the effect of public expenditure on long-run growth.
Exclusion of public consumption from the public investment clearly show that
the public investments cause long term economic growth. In the model of this
paper the public expenditures mean that the public investment-infrastructure.
The recent surveys reveal some instructive results about the link between

long-run economic growth and public infrastructure. Sanches-Robles (1998)
finds the positive link between the length of roads and energy with economic
growth. Canning and Pedroni (1999) takes the research further and argues an
optimal level of infrastructure which maximises the growth rate. As Bougheas,
Demetriades and Mamuneas (1999) concluded, infrastructure accumulation, es-
pecially for NIC’s are important for economic growth.
In this paper an open economy model of endogenous growth driven by cap-

ital externalities, such as private capital and public infrastructure examined.
First question is to be answered: Does an inadequate accumulation of public
capital as a form of infrastructure cause lower long run economic growth? The
developed model constructs the part of capital stock as public capital, which
link the infrastructure with productivity growth. The model is calibrated to
fit data for Turkey, which is trapped with high debt/GDP ratio and poor in-
frastructure. The model in this paper will be closest to that of Krichel, T. and
Levine, P. (1995), which introduced liquidity constraints to a closed economy
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for India. In contrast to their work the model in this paper will consider an
open, not closed, economy. The context of an open economy would enable fiscal
policy to be examined in more open export oriented Turkey. There is a clear
link between productivity and economic growth in the theoretical part of the
study. Theoretical part generalizes Romer (1986) and Barro (1990) endogenous
growth study. Simulations suggest that the infrastructure and fiscal policy can
significantly affect the long run growth rate and a better infrastructure and a
government policy could improve Turkish economic growth. In general, it is
considered that the private capital and public infrastructure (public capital)
raises the labour productivity.
The objective of this study is to clarify the effects of public infrastructure

on the optimum level of economic growth in Turkey.The growth performance
of Turkey’s economy in the last decade has been one of mini boom-and bust
cycles. Turkey’s prospects for sustained growth has become more uncertain and
chaotic. Hence issues regarding the effect of openness, liquidity constraints,
infrastructure and fiscal policy on economic growth have become even more
crucial.
The paper is organised as follows. Section 2 proposed a small open economy

model of Turkey. The model will be based on an overlapping generation frame-
work Non-ricardian effects of government debt are important in this paper and
occur for 4 reasons; Firstly, households leave no anticipated bequest for their
heirs (Yaari, 1965 and Blanchard, 1985), secondly, debt neutrality breaks down
due to existence of population growth (Weil, 1985), Thirdly, the government
finances public expenditure on goods and services by distortionary taxation or
borrowing (Yaari-Blanchard-Weil consumption function). Finally the existence
of liquidity constraints. A key feature of this model is its explicit recognition
of both liquidity constrained and non-liquidity constrained consumers. Uncon-
strained consumers consists of overlapping generation, but apart from age, are
identical (Krickel and Levine 1995). Turkish earnings distribution is very much
skewed towards low income earners. As Vaidyanathan (1993) concluded 72%
of Turkish people are liquidity constrained (unable to borrow) and only 28%
of the population consists of unconstrained consumers. With this in mind it
can be seen that the effect of any macroeconomic policy, in particular fiscal
policy, would significantly different if the liquidity constrained consumers were
not considered.
Section 3 examines the effect of fiscal policy and infrastructure on long run

growth. Section 4 clarify further the cponcept of optimal growth for fiscal policy
and Infrastructure. Section 5 offers some conclusions.

2 The Model
A challenging model for this purpose has been developed by the following au-
thors: Yaari (1965), Blanchard, O. (1985), Buiter, W. H. (1988) and Weil, P.
(1985), Levine, P. and Pearlman, J. (1992), Rebelo, S. (1992), Levine, P. and
Brociner, A. (1994), Krichel, T and Levine, P. (1995). Our model here will be
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closer to that of Krichel, T and Levine, P. (1995) which was taken as a closed
economy example and applied to India. Here we will use similar setting but con-
sider a small open, not closed, economy. Consumers are divided into two groups:
constrained and unconstrained households. Unconstrained households behave
as Yaari-Blanchard-Weil consumers and constrained households behave as Key-
nesian consumers. The consumption of constrained households is equal to their
labour income but unconstrained consumers own all the financial and private
physical wealth. Unconstrained consumers maximize an intertemporal utility
function, subject to budget constraint. Firms also maximize an intertemporal
profit function. The population growth and the labour supply is given. The
domestic country’s consumer who born in period s has the following intertem-
poral expected utility function at time t ≥ s and there is no uncertainty apart
from the probability of death. The aggregate utility function is determined by
Cdi,s(Consumption of domestically produced good), Cim,s(Consumption of im-
ported good), Gdi,s(Government provided domestic good), Gim,s(Government
provided imported good) and Mi−1,s

Pt
is the real money stock. All variables are

at time i which is the beginning of the period.

Ut,s =
P∞
i=t

h
1−p
1+θ

ii−t
[α1 logCdi,s + α2 logCim,s + α3 logGdi,s + α4 logGim,s + α5 log

Mi−1,s
Pt

](2.1)

where Ptdenotes the price of domestic output, Mi−1,sis nominal (high pow-
ered) money stock and the θ is consumer’s pure rate of time preference.

Total consumption (Ct,s)includes forgone expected interest payments on
money balances and is expressed with the following equation
Ct,s = Cdt,s +EtCmt,s + (Rnt−1(1− tt−1) + tt−1πet,t−1)Mt−1,s

Pt−1
(2.2)

where Et =real exchange rate
The expected asset return (taxed) is Rt(1− tt)where tt = Tt

Yt
(tax ratio)

Assume real returns are taxed thus the effective expected nominal rate is
Rnt(1− tt)+ ttπet+1,twhere Rntis the nominal interest rate and πt = Pt−Pt−1

Pt−1
is

the domestic inflation.
Consumption of domestically produced and imported goods is given by

Cdt,s = a1Ct,s, Cmt,s = a2
Ct,s
Et

The demand for money is given by

Mt−1
Pt−1

=
(a5+a6)C

e
t,t−1

(Rnt−1(1−TRt−1)+TRt−1πet,t−1)

The exante real interest rate Ret = Rnt − πet+1,t
This differs from the real interest rate (Rt),which appears in the budget iden-

tities and refers to expost rate. because of the credibility issue this distinction
is important.
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Real consumer wealth at the end of period t is:
Wt,s =

Mt,s

Pt
+Dt,s + Ft,s +Kt,s (2.3)

where Dt,si is the government debt held by domestic or foreign consumers,
Ft,sdenotes net foreign assets denominated in home country and Kt,sis the do-
mestic capital stock.

All assets measured at the end of the period.

The consumer budget identity is given by ∆Wt,s = Rt−1Wt−1,s+wt,s−
Tt,s − Ct,s (2.4)
where ∆Xt = Xt −Xt−1, wt,sis the labour income, Tt,sdenotes taxes
Maximizing Ut,s (equation 2.1) subject to the consumer budget constraint

corresponding to (2.4) provides Blanchard (1985) results.

Expected aggregate consumption (Cet+1,t) consists of the liquidity constrained
consumer’s consumption and the non-liquidity constrained consumer’s consump-
tion.

Cet+1,t = (1+R
e
t (1− t)− θ+ n)Ct − (p+ n)(p+ θ)Wt−1 + λ(∆wrt(1− tt)−

θ − n)wrt(2.5)

where λ is the proportion of the liquidity constraint consumers and n is the
GDP growth ratio.
In (2.5), Cet+1,tdenotes rational expectatıons of Ct+1formed at time t. As-

sumed perfect foresight Cet+1,t = Ct+1

The Government: The domestic country budget identity is given by
4Mt

Pt
+4Dt = Rt−1Dt−1 +Gt − Tt (2.6)

In terms of ratio
DRt = (1 +Rt−1 − nt)DRt−1 + PDR− (πt + nt)[∇Mt

PtYt
] (2.7)

where DRt = Dt

Yt
,MRt =

Mt

PtYt
and the primary deficit - GDP ratio is PDRt

is given by
PDRt = GRt − tt = Gt

Yt
− Tt

Yt

The growth rate is nt =
Yt−Yt−1
Yt−1

Solving the budget identity forward on time gives the solvency constraint:
DRt = −

P∞
i=0

PDt+i+1

(1+Rt−nt+1)((1+Rt+1−nt+2).............((1+Rt+i−nt+i+1) (2.8)

No ponzi game condition implies:
limi→∞

PDt+i+1

(1+Rt−nt+1)((1+Rt+1−nt+2).............((1+Rt+i−nt+i+1) = 0 (2.9)

Assume no dynamic inefficiency
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The debt accumulation:

DRt+1 = (1 +Rt − nt−1)[1−mt(πt − πet )]DRt +Gt − Tt (2.10)

where
πet = the rational expectations of inflation
mt =proportion of inflation sensitive debt (i.e. nominal long-term debt in

domestic currency)

Foreign asset accumulation is defined as
4Ft = Rt−1Ft−1 + TBt (2.11)
where TBt = C∗mt −EtCmt + I∗mt − EtImt +G∗mt −EtGmt
I∗mt =Foreign investment out of domestic output.
Imt =Investment out of imported goods
Starred variables such as C∗mt refer to the foreign.
In ratio form:
FRt =

h
1+Rt−1
1+nt

i
FRt−1 + TBRt (2.12)

where FRt = Ft
Yt
and TBRt = TBt

Yt

Output, Private Sector, Infrastructure and Endogenous Growth:

Following production function is the representative firm i ’s production function
at time t, it is assumed that the production function is in Cobb-Douglass and
constant returns to scale form.
Yt,i = F (Kt,i,Ψt,i) = K

α
t,iΨ

1−α
t,i (2.13)

whereKi,tis private physical capital and Ψi,tis labour input in efficiency unit.
The Ψt,i = φLt,i where φis a measure of the efficiency unit of row labour input
Lt.The measure of φ is determined exogenously as a function of economy wide
capital labour ratio. ( See Buiter, 1991 and Levine and Krickel, 1995 for this type
of formulation). Let Ktbe the total aggregate private capital and determined
by the capital stock accumulated by out of previous period’s domestic output
Kd,t−1and capital stock accumulated out of previous periods foreign output,
Kmt−1 The government affects labour efficiency by providing physical capital
in the form of infrastructure, such as education, health, roads, railways etc. The
efficiency measure φ is then dtermined by

φt,i = Ω Ai
(KG

t )
γ1 (Kt)

1−γ

Lt
(2.14)

The aggregation under the assumption of identical firms would provide folow-
ing aggregate production function:
Yt = K

γ2
t (K

G
t )

1−γ2 (2.15)
where γ2 = α+ (1− α)(1− γ1), and Ω = A

1−α
t

Harrod -neutral technical change is a special case of this representation where
µ is the productivity growth. Then This becomes as:

φt,i = (1 + µ)φt−1,i
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Firms equate the net marginal product of capital to the marginal cost of
capital. The first order conditions derived from the production function in
terms of total capital stock/GDP ratio is as follows:

Kt

Yt
= α1

Rt+δ
(2.16)

Total investment out of domestic and foreign output, Idt and Imt:

Kdt = (1− δ)Kdt−1 + Idt

Kmt = (1− δ)Kmt−1 + Imt

where δ = depreciation rate

Total private capital stock is Kt = Kdt +EtKmt

Gross investment: It = Kt+1 − (1− δ)Kt (2.17)

The equilibrium in the output market: Determination of production

and the aggregate demand the economy is represented with both aggregate
supply and demand which subject to government choice of fiscal policy variables
such as the government consumption (Gct), Government investment (G

I
t ) and

the taxation ratio (t).

Yt = (Cdt +EtCmt) + (Idt +EtImt) + (Gdt +EtGmt) + TBt (2.18)

where Eet denotes the expected relative price.
All stocks and flow variables will be taken as the ratio of GDP but for the

the notational convenience they remain same i.e. Dt = Dt

Yt
.

Steady state: For a balanced growth steady state where all stocks and

flows grow at the same endogenous growth rate g (See Rebelo( 1992)) for similar
representation. This is determined by the following steady state functions and
the steady state values will be denoted without a subscript t.

From the equation (2.5), the steady state form of the Yaari Blanchard
consumption function is as follows:

((R(1−t)−θ+n)C = (p+n)(p+θ)(MP +K+D+F )−λ(R(1−t)−θ+n)w)(2.19)
D(1+R−n)[1−m(π−πe)} = T−G = t(1−δK(R)−G (2.20)
where total tax receipts in terms of GDP ratio is given by T = t(1− δK).

K = α
R+δ = K(R) (2.21)

log(Ω)+γ2 log(K(R)+(1−γ2) log( GI

N+δ ) = 0 (2.22)
C = (1−(n+δ)K(R)−λα(1−t) (2.23)
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3 Infrastructure, Fiscal Policy and Long-run Growth

Using the steady state variable equations (2.19 - 2.23) and assuming that the
only form of capital is K [for simplification (K = (M/P) + F+K)] the elimina-
tion of C, K and G gives the following function which determines the Yaari-
Blanchard consumption relationship in terms of R, n, D, t, γ and λ :

f(n,R,D, γ,λ) = (R(1 − t) − θ + n)(1 − (n + δ)K(R) + (R − n)D − t(1 −
δ)K(R)− λ(1− t)(1− α)−
(p+ n)(p+ θ)(K(R) +D) = 0 (3.1)

Following Levine and Krickel, the equation (3.1) is upward sloping and de-
scribes the locus of interest and growth rates consistent with Yaari-Blanchard
consumption behaviour, output equilibrium, private sector investment and the
government budget constraint.
A similar solution of the production function of the equation (2.22) gives:
g(n,R,D, t, γ) =
γ2 logK(R)+(1−γ2)(logA+log γ+log(t(1−δK(R)−(R−n)D)−log(n+δ)) =

0 (3.2)

The downward sloping equation (3.2) is the locus consistent with balanced
growth and private sector investment, the government budget constraint and
the production technology.

The derivation of multipliers from the equation (3.1) provide the effect of
debt/GDP and the tax/GDP and the infrastructure/GDP on long-run economic
growth.£

dn
dD

¤
t,γfixed

= gRfD−gDfR
frgn−grfn , (3.3)£

dn
dt

¤
D,γfixed

= gRft−gtfR
frgn−grfn (3.4)

[dndγ ]D,t,fixed =
−gγfR

frgn−grfn (3.5)
where
gR = γ2

K0(R)
K(R) − (1− γ2)(

G
D +

tδK0(R)
G ), gt = − (1−γ2)(1−δK)G ,

gD = − (1−γ2)(R−n)G , gn = (1− γ2)(
D
G − 1

n+δ ),

gγ =
(1−γ2)

γ

fD = (R(1− t)− θ + g − n)(R− n)(p+ g)(p+ θ)
ft = −RC − (R(1− t)− θ + g − n)(1− δK + λ(1− α))
fR = (R(1− t)− θ+ g−n)(D− (n+ δ(1− t))K0(R))+C(1− t)− (p+g)(p+

θ)K0(R)
fn = −C − (R(1− t)− θ + g − n)(K +D)
Keeping fiscal policy fixed, the effect of R on growth from the derivation of

the (3.1)( ∂n
∂R)f=0 has a positive sign: as R increases the steady state growth
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increases too. Indicates an upward slope between the steady state growth and
the rate of interest in Yaari Blanchard consumers.
Keeping fiscal policy fixed the effect of interest rates on growth from the

derivation of the (3.1)( ∂n
∂R)g=0 provides a negative sign as R decreases n in-

creases.
The effect of an increase in debt (D) on the steady state growth (n), where t

and γ are fixed is negative. That is ( ∂n∂D )t,γfixed < 0. This result has interesting
suggestions: Steady state growth can be increased by reducing the debt/GDP
ratio.
Figure 3 indicates the effect of D/Y change on growth. Curve (3.2) shifts

right ( R and t fixed) as a result of increase on debt/GDP ratio. Similarly
keeping R, t and γ fixed in the equation (3.3): an increase of D/Y on growth
shifts the equation (3.3) left. hence an increase on debt/GDP ration decrease
the long run growth but has an unambiguous effect on R.

For example an increase in tax ratio (when D/Y and the production tech-
nology are constant) on long run growth in this model is ambiguous too. That
is (∂n∂t )D,γfixed =?. hence we will leave this effect for calibration.
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Calibrations of these multipliers for the Turkish economy are present in the
simulation results section. For a further details of the models’ derived multipliers
see Levine and Krichel (1995)

4 The Model simulation

In this part we will be altering some parameters of the model and will assess
the likely impacts of various fiscal policies on growth. Our calibration strat-
egy begins by calibrating the steady state values of selected variables. These
variables are presented below in the summary of calibration such that the gov-
ernment expenditure, capital stock and debts are taken as the ratios of output.
The deep parameter values such as θ are chosen by calibrating the steady state
values of selected parameters. There are a number of studies which have es-
timated consumption functions with liquidity constraints. We have taken 0.72
for the proportion of liquidity constrained consumers from the Turkish example.
This estimate, as we have discussed differs for different economies and is rather
higher for LDC’s therefore we will examine some different levels of λ in our sim-
ulation analysis. Some of our fundamental parameters’ steady state values are
taken from State Institute of Statistics (SIS) data source of Turkey. Our micro-
economic foundation model in which consumer maximise utility and producers
maximise profits, is consistent with observed data. The rates of return, i.e.
R+δ, is equal to 0.17 which is the real interest rate plus the depreciation rate.
The average probability of death per year is taken as 1/40, as it is consistent
with Turkish life expectancy. The OECD figure for K/GDP average is taken as
2.5. The rest of the parameters and sources are presented in the summary of
calibration as follows.
The model parameters are divided into two groups; fundamental parameters

and the derived parameters. These are as follows:

Fundamental parameters and their source: 1. Marg. prod. Capital

R+ δ = 0.17 Turkish average reel rates of interest for 1990-2000, SIS.
2. p= 1/life-expectancy for working age = 1/40 (Average life expectancy of

last 3 decades in Turkey, SIS)
3. δ = 0.07 (Average of 1990-2000, SIS, Turkey)
4. β = 0.3 OECD
5. λ =0.72 (Vaidyanathan, G. (1993)Turkey)
6. G

Y
=0.2 (Average of 1990-2000, SIS, Turkey)

7. K
Y
= 2.5 OECD

8. D
Y
=0.6 (Average of 1990-2000) SIS, Turkey)

9. π = 2 ( Average population growth, 1965-2000, SIS)
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10. n =4 ( GDP growth, 1990-2001, SIS
11. DIS 0.95 (Myopic government, assumed)

Derived parameters 12.C
Y
= 1− G

Y
= 0.8

13. T
Y
= RD

Y
+ G

Y
. = 0.26

14. θ = R(1−G/Y )(1−λ)+W/Y (λR
2−p2)

(1−G/Y )(1−λ)+W/Y (λR+pR)
= 0.041

15. W
C
= 4.429

16. w
C
= 0.921

17. C
YB

C = 0.816

18. w
Y
= 0.645

19. K
W
= 0.806

20. D
W
= 0.194

21. (1−p)(1+θ) = 0.908(Government discount rate).

22.
ˆ
C = 100 23.

ˆ
g = 100 24.

ˆ
t = −23

25.
ˆ

d = −60 26. α = 0.3 27.γ2 = α+(1−α)(1−γ1) = 0.65
28. GI/G = γ = 0.35(Minstry of finance data) 29. γ1 =0.5(Capital

externality-imposed)

If DIS = 1, in the equation, then the government in effect chooses the same
discount factor as the private sector. If DIS <1 , then the government is more
myopic.

4.1 Optimal Growth, Calibration and Numerical Results
for Turkey

The key question is that the effect of Debt/GDP, T/Y and liquidity constraints
on optimal growth. We have examined the effect of D/Y, t and λ on growth
and concluded that the higher is the λ lower is the level of optimal growth
for different levels of tax ratios. Furthermore higher is the debt/GDP ratio
lower is the optimal growth rate is. Currently high level of debt/GDP ratio for
Turkey may indicates a lower optimal level of economic growth in the long run.
After the substitution of the calibration multipliers (3.3) to (3.5) of the Turkish
economy, following values are obtained:
gR = −2.2468, gt = −3.0938, gD = −0.2250, gn = −4.5682, gγ =

1,
fD = −0.0022, ft = −0.0961, fR = 0.5994, fn = −0.8403£
dn
dD

¤
t,γfixed

= gRfD−gDfR
frgn−grfn ,= −0.0302
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As debt/GDP ratio decreases long run growth increases. Further more, the
calibrated model suggest that 10% decrease in the government debt(domestic)/GDP
ratio from its present 75% will increase the growth rate of Turkey by 0.3%.£

dn
dt

¤
D,γfixed

= gRft−gtfR
frgn−grfn = −0.4475

A 10 % increase in the proportion of tax ratio from t = 26% to about 36%
will decrease the growth rate of Turkey by 4%.
Turkish Ministry of Finance data source provide that the share of Govern-

ment Investments in Government expenditures are about 35%. (1990 - 1997
Average) therefore we can choose GIt= 0.35Gt. The externality effect of private

and public capital is assumed to be equal, hence γ1 = 0.5. Looking into the
effect of infrastructure on economic growth where D/Y and T/Y are fixed as
follows:
[dndγ ]D,t,fixed =

−gγfR
frgn−grfn = 0.136

According to this calibration, raising the proportion of infrastructure spend-
ing by 10% ( i.e. from present value of 35% to 45%)will rise growth by more
than 13%. This result again highlight the issue of public infrastructure in
Turkey.
An optimal tax ratio, the optimal debt/GDP ratio and the optimal public

infrastructure level needs to be determined.
Figure 2 shows how growth rates increase to their maxima for different values

of gamma (γ) .

5 Conclusion
The central theme of this paper is to examine the effect of fiscal policy and public
sector investment on economic growth. In this simulation study, various levels
of taxes and public investment in an open economy of Turkey are examined.
In this paper we firstly compiled the model for open economy of Turkey.

Secondly, we derived multipliers. The calibration provided some fiscal policy
implications. We have particularly focused on the different levels of taxes for
different levels of infrastructure. This analysis provided different levels of growth
for the slected levels of infrastructure expenditures. The results of the simulation
certainly suggests that for an open economy both, fiscal policy, the taxation rate
and the public investments matter. Fiscal policy certainly affects the optimal
level of growth. The simulation results suggest that the higher proportion of
infrastructure expenditures in the total government expenditure means higher
economic growth. The higher the proportion of public investment is, the higher
the optimal growth but there is an optimal level of infrastructure expenditures
for each infrastructure share in the total government expenditure.
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