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Abstract

This paper empirically tests the Turkish economy’s stability between 2010 and 2016 using a small open
economy New-Keynesian model featuring a positive long-run inflation rate and sunspot shock under
alternative monetary policy rules. We found that the probabilities of indeterminacy are very close to
unity. We can thus conclude that the economy is unstable over this period primarily because the long-
run inflation rate is in the higher single digits despite the Central Bank’s weak response to inflation.
This drove the economy into aggregate instability.
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Acik Bir Ekonomide Toplam istikrarsizhgin Test Edilmesi

Ozet

Bu makale, alternatif para politikas1 kurallar1 altinda pozitif uzun vadeli enflasyon orani ve glines
lekesi soku igeren kiigiik bir agik ekonomi Yeni-Keynesyen modeli kullanarak 2010 ve 2016 yillar1
arasinda Tiirk ekonomisinin istikrarin1 ampirik olarak test etmektedir. Belirsizlik olasiliklarinin bire
cok yakin oldugu bulunmustur. Bu donemde ekonominin istikrarsiz oldugu sonucuna varilabilir
¢linkii Merkez Bankasi'nin enflasyona zayif tepki vermesine ragmen uzun vadeli enflasyon orani
yiiksek tek hanelidir. Bu durum ekonomiyi genel istikrarsizliga stiriiklemistir.
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1. Introduction

During the 1980s and 90s, the Turkish economy witnessed a long period of high, volatile

inflation. Between the 2001 Financial Crisis and 2016, the economy experienced relatively stable
macroeconomic circumstances (i.e., a relatively low inflation rate and output gap). Even so, the average
CPI inflation rate remained at around 8%. Woodford (2003, p.254) notes, "[...] at least in the long-run,
nominal interest rates should rise by more than the increase in the inflation rate". Higher long-run
inflation rates should prompt stronger responses.! Otherwise, multiple possible values of
macroeconomic variables (inflation rate, output, etc.) may emerge via two channels: sunspot shocks and
the varying propagation mechanism of fundamental shocks. This situation is referred to as “the
indeterminacy of monetary policy rules".

Ozatay (2011) argues that in 2010 the Central Bank changed its monetary policy considerably.
Giirkaynak et al. (2015) found that the Central Bank responded strongly to the pre-2010 inflation rate
but responded weakly after 2010. Inflation expectations are thus not well-anchored in the Turkish
economy. Considering Turkey’s higher long-run inflation rate, this opens the possibility of
indeterminacy in the Turkish economy. However, there is as yet no study analyzing the aggregate
stability of the Turkish Economy in the context of rational expectations®. In this paper, we empirically
discuss the indeterminacy of monetary policy rules in an otherwise small open economy New-
Keynesian model over the period from 2010: Q2-2016: Q4.

Our study is based on the Small Open Economy model in Gali and Monacelli (2005).> We
extend this model through three channels. First, we log-linearize equations, resetting prices and the
Calvo Rule around positive long-run inflation rate (or trend inflation) while accounting for inflation
indexation. Second, we incorporate two alternative monetary policy rules into the model. Third, we
endogenize forecast error in the model, through the CPI inflation rate, by employing the methodology
of Lubik and Schorfheide (2003,2004) together with Farmer et al.’s (2015) approach of allowing
indeterminacy in the model.*

We discuss the aggregate stability of the economy through the determinacy probability
approach. We find that, over the period, the probabilities of indeterminacy are near unity under
alternative monetary policy rules. We can thus conclude that the economy is likely indeterminate over
the period. The Turkish economy’s main empirical features are higher long-run inflation, higher price
rigidity, and a weak nominal interest rate response to inflation. To analyze some potential reasons
behind the indeterminacy of these monetary policy rules, we discuss the effects of these empirical
features over the determinacy region. For example, the determinacy region shrinks more at higher long-
run inflation rates and with high price rigidity at positive long-run inflation rates. Additionally, trade
openness aggravates the effect of long-run inflation rate on the determinacy region. Considering these
features of the Turkish economy, the Central Bank responds weakly to increases in inflation rate and
monetary policy rules are thus not strong enough to rule out indeterminacy. Self-fulfilling fluctuations
in macroeconomic dynamics may occur.

!'See Ascari and Sbordone (2014) for further details.

2 There are some Dynamic Stochastic General Equilibrium (DSGE) studies on the Turkish Economy, including Cebi
(2011), and Alp and Elekdag (2011).

3 Zhang and Dai (2020); Araujo (2004); Llosa, L. and Tuesta (2008) ; De Fiore and Liu (2005) analyze determinacy in
a small open economy.

4 Farmer et al. (2015) show that models with different expectational errors provide similar results.
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This paper is organized into sections. Section 2 describes the model economy. Section 3
presents data, calibration values, and priors. Section 4 presents an estimation strategy. Section 5 presents
the results of empirical studies. Section 6 discusses possible reasons of indeterminacy. Section 7
presents a robustness analysis. Section 8 concludes the paper.

2. Model

The world economy comprises a continuum of small open economies indexed by i € [0,1].
One such economy is termed the “home economy” while the rest are called “the rest of the world”. Any
policy taken in one of these small open economies does not influence the rest of the world. All small
open economies have the same market structure, the same technology function and preferences. In the
home economy, there is a representative household, a representative final good-producing firm, a
continuum of intermediate goods-producing firms, and a central bank. Aside from the price setting
behavior of intermediate firms, the model is identical to that of Gali and Monacelli (2005). Note that
variables without any index correspond to home economy, ones with i index correspond to country i
and ones with an asterisk superscript correspond to the world economy.

2.1. Household

A representative household aims to maximize the following period utility function

1-0 1+¢
C _ Nt

1-0 1+9¢ (1)

U(Ce, Ne) =

subject to the period by period budget constraint shown in Equation 2.

P.Ci + ETiiq¢Bryr = By + WiN; + D,
(2)

where o is risk aversion, ¢ is inverse Frisch elasticity of labor supply, P; is the Consumer Price Index

(CPI), C; is the composite consumption index, T, 41 ¢ is the stochastic discount factor between time t and

t+1, and it equals ﬁ, By, 11s the nominal payoff in period t+1 of the portfolio held at the end of period
t

t, W, is the nominal wage, N, is labour force. D, is dividend and E; is expectation operator at time t.

Optimality conditions are:

Coar\ ™ P
Tep1,e = ﬁEt(( tCH) P =) 3)
t t+1
W,
Wi =, =GN @
t

where wy{ is real wage and f is the intertemporal discount factor.
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2.2. Firms

There is a continuum of intermediate goods-producing firms indexed by j € [0,1] in the home
economy. A typical firmj in the home economy produces a differentiated good j with linear technology
represented by the production function

Yie = AN, (5)

where Y; ; is the output produced by firm j. A; denotes technology and follows Afflexp (eqt) where p,
is the persistence of shock and e ; is the shock innovation. It is common to all firms. N; ; is labor force
employed by firm ;.

Aggregating Equation 5 over j leads to the following expression:

1 1 1/p, " —€
, . J, ,
j Yj,td] =j Ath,th =j (P ) dj Y, = ANy
0 0 0 H,t

1
Y, = —A(N;
t

(6)

€
1(Phjt . . . . . . . . . . .
where ) dj = z; is the price dispersion, Py, is the domestic price index, Py ;; is the price
0\ Py, t H,t H,jt

of good j and € is the elasticity of substitution between differentiated goods.
Aggregate Price Dynamics
Each intermediate goods-producing firm follows Calvo’s (1983) rule, according to which each

firm updates its nominal priceswith a probability of 1 — 6 and indexes its nominal price to the previous
period’s CPI inflation rate with a probability of 8. The rule is as follows:

— 1—€ _ L 7
Pye =1 =60)(Py,)  + 0(”5—1PH,t—1)1 ]i-e @
where Py . is the reset price and ¢ is the degree of indexation.

. . . . . P
is the CPI inflation rate between periods t and t-1, while Ty ; = > e

t—1 Hit-1
rate between periods t and t-1.

P
Ty =
t =5

is the domestic inflation

Optimal Price Setting

Intermediate firm j chooses reset price Py, to maximise the present value of its profit:

Pt

max E; Z Hk[Tt+k,t(ﬁH,tY},t+k - Wt+kNj,t+k)] ()
k=0

—€
. h d d N _ l-I§+k—1,t—1 D Y
subject to the demand constraint: Y; ;. = TmPH't ik
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o kyjet+l -1 —Ge T -0
€ EtZk:o(ﬁQ) HH,t+k,t t+k,tnt+k_1,t_1MCt+k YeirCedh

Pue = (€))
’ € — 1 o kTT€ -1 —ZG -0
E, Zk=0(ﬁ0) rIH,t+k,tnt+k.tHt+k—1,t—1 Yt+kCt+k
_ P W . . .. . .
where py . = ﬁ, MC! = ﬁ, Iy ¢4k 1s the cumulative domestic inflation rate between periods

t+kandt,and Il;yy, is the cumulative CPI inflation rate between periods t+k and t.

The real reset price py  is

€ P,
P (10)

Pyt =

where

— * - —Ce _
Ve=Ee ) BT Ty MCl Yo O

(11)
¢t = Et Z (,Be)kHIE-I,Hk,tHt_-l-lk,tnt_fli_1_t_1 Yt+kCt_+Uk 12
k=0 (12)
These equations can be expressed recursively:
Y, = MCLY.C7° + BﬁEt(ﬂflﬁi1ﬂa}17’ft_(6¢t+1) (13)
¢, =Y. C7% + H,BEt(ﬂfl,t+17Tt_+117Tt_<6¢t+1) (14)

Price Dispersion

. —€
Following Schmitt-Grohe & Uribe (2007), price dispersion z, = | ! (M> dj can be

0 \ Py
written as:

z=(1- 9)(ﬁH,t)_6 + 9((7TH,t)E7Tt__Z1EZt—1) (15)

2.3. Indices, Assumptions, Definitions, and Identities

In this section, we replicate several indices, assumptions, definitions, and identities as they
appear in Gali and Monacelli (2005).

The Domestic Price Index is defined as:

, N (16)
Pue = ( j Pi 5 d))
0

The Price Index for imported goods from country i in terms of domestic currency is defined as:

TESTING FOR AGGREGATE INSTABILITY IN AN OPEN ECONOMY
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3 (17)
Py = (j P&,fdf)

where P, ; ; is the price of country i's good j in terms of domestic currency.

The Price Index for imported goods in terms of domestic currency is defined as:
(18)
Pec = ( j Ty

where y is the substitutability between goods produced in different foreign countries.

The Consumer Price Index (CPI) is defined as:
1
= [(1 — @)PL + aPiV]T= (19)
where « is trade openness and v is the substitutability between domestic and foreign goods.

Bilateral Terms of Trade S;, are defined as the ratio of the price index for imported goods
from country i in terms of domestic currency to the Domestic Price Index.

o P (20)

it =
Py

Terms of Trade S; are defined as the ratio of the price index for imported goods in terms of
domestic currency to the Domestic Price Index.

1

1 1—
T f S d) @
0

S, ==~
‘ PH,t

The Law of One Price holds for all individual goods.

Pljt gltPl]t (22)

where P} ; i j,¢ 1s the price of country i's good j in terms of country /'s currency, and &;, is the bilateral
nominal exchange rate between country i and the home economy.

The Bilateral Real Exchange Rate is the ratio of country i's CPI to the domestic economy’s
CPL.

& i,tPii,t (23)

Qi,t - Pt

where P} is the CPI for country i. Note that aggregating bilateral nominal exchange rates over i equals
1

. . 1-v . 1
nominal exchange rate e; (i.e. e, = (fol(ei,t) YA '),
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2.4. Monetary Policy Rule

We consider two monetary policy rules:

1+lt _ 1+it—1 pi T[t ¢7T yt ¢y 1=pi (24)
e (129 (5 (™ 97) " e
L4i\ (L4 ia\P (o7 (Ye\P7 (Ger)Pe e (25)
e () - (222 (7 (9 (29°) " e

where v, = p, v,_; + e, is monetary policy shock where e, ; is the shock innovation, and ¢, ¢,
and ¢, are the coefficients of the monetary policy rule’s variables. p,, is the persistence of monetary
policy shock, and p; is monetary policy inertia parameter. g, ; = e, — e,_ is the growth rate of nominal

exchange rate. y, m, 1, and g, are the steady state values of output, inflation rate, nominal interest
rate, and nominal exchange rate growth.

2.5. Risk-Sharing Condition

Following Gali and Monacelli (2005), we obtained the following international risk-sharing
condition:

=

(Ct+1) _ (Cit+1) Qi,t+1 ’ (26
Bl oy = Bl ey (Qi't ) ] )

where C', is the composite consumption index for country i. Gali and Monacelli (2005) derive this
condition under the assumption of a complete financial market.

1
Ce = Vi C'e(Qie)” 27)

where ¥;  is a pre-selected constant. Without loss of generality, we assume symmetric initial conditions
in all small open economies. Thus, ¥;, = 1.

2.6. Market-Clearing Condition

The market-clearing condition is the same as in Gali & Monacelli (2005):

P\ ™ A
Y, = (%) C[1- )+ ajo (SiSie) Q7 1di (28)

t

where S/ represents the terms of trade for country i.
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2.7. Uncovered Interest Rate Parity

Households are allowed to invest in domestic and foreign bonds under a complete international financial
market. Optimizing these assets yields the following relation:

€t+1
)

(1+i) =@ +i)E( . (29)

This relation is known as the uncovered interest rate parity condition.

3. Data

In our analysis, five seasonally adjusted quarterly time series are employed: GDP y,, CPI
inflation m;, nominal interest rate i,, real exchange rate q; and nominal exchange rate e;. All data are
obtained from the Central Bank of the Republic of Turkey (CBRT). The Industrial Production Index is
a proxy for GDP. The nominal interest rate is measured as Interbank Overnight Cash Rate and expressed
as an annualized percentage. The rest of the variables are expressed quarterly. To calculate the quarterly
CPI inflation rate, we use the quarterly Consumer Price Index. All five series are demeaned and
seasonally adjusted. The data cover the period between Quarter II of 2010 and Quarter IV of 2016. The
corresponding measurement equations are:

100A(log(y,) - log (mean()) 3, - ,_,
100(log(m;) — log (mean(m)) i

400(log(i;) — log(mean(i)) =  4i,
100(log(e.) — log (mean(e)) &
100(log(q;) — log (mean(q)) qe

Calibration and Priors

We follow several standard Calibration values derived from relevant literature. f is set to 0.99,
yissetto 1 and v is set to 1, and € is set to 7.67 as in Alp and Elekdag (2011). We set o to 3.25 by
following Cebi (2015). We assume independent and identically distributed (i.i.d.) monetary policy
shock and demand shock d;. We set indexation parameter { to 0 to avoid identification problems, and
the degree of openness is set to 0.27. The rest of the parameters are econometrically estimated. Table 1
indicates the specifications of the priors. At the onset of estimation, we choose 0.95 as an initial value
for ¢p,. For trend inflation rate, we choose 8% trend inflation rate as mean and 2% trend inflation rate
as standard deviation. These values are consistent with the moments of CPI inflation rate in Turkey. For
the distribution of trend inflation rate, we follow gamma distribution, and it is consistent with the
literature. For distribution of s, we follow Farmer et al. (2015) and choose the moments of them
arbitrarily. We follow Haque et al. (2021) for the distribution and moments of ags. For the type of
distribution and moments of 8 and ¢, we follow Cebi (2015). We choose the same distribution for
monetary policy coefficients as those in the literature (Alp and Elekdag, 2011, Zhang and Dai, 2020),
but close prior moments. The reason behind this adjustment is to avoid any strong biasedness towards
either determinacy or indeterminacy. The rest of the parameters’ distributions, prior means, and prior
standard deviations are taken from the literature. The reason behind using close prior moments is to
guarantee considerable biasedness towards either determinacy or indeterminacy. We set world inflation
to 0.

TESTING FOR AGGREGATE INSTABILITY IN AN OPEN ECONOMY
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Table 1 Prior Means and Standard Deviations
Parameter Name Density Prior Mean Prior Stand. Dev.
T Gamma 8 2
0 Beta 0.50 0.10
b Gamma 1.25 0.50
o Gamma 0.25 0.10
be Gamma 0.05 0.01
7] Normal 2 0.50
Pa Beta 0.70 0.10
Py Beta 0.50 0.10
Di Beta 0.50 0.20
Oun Inv-gamma 0.50 0.20
Oy Inv-gamma 0.50 0.20
Ou3 Inv-gamma 0.50 0.20
Oy Inv-gamma 0.50 0.20
Ous Inv-gamma 0.50 0.20
L1 Inv-gamma 1 0.50
I, Normal 0 1
1y Inv-gamma 1 0.50
l31 Normal 0 1
l3, Normal 0 1
33 Inv-gamma 1 0.50
ly1 Normal 0 1
lys Normal 0 1
lys Normal 0 1
lys Inv-gamma 1 0.50
ls1 Normal 0 1
lsy Normal 0 1
lsg Normal 0 1
lsy Normal 0 1
lss Normal 0 1

4. Estimation Strategy

We first log-linearize the equations of the model around deterministic steady state values®. For
our model’s estimation, we next follow Lubik and Schorfheide (2003,2004) with Farmer et al.’s (2015)
approach.

The model can be re-written in linear rational expectation form:
09 (0)X; =01 (0)X;_1 + 0, (O)m; + 05 (O)n;

where X, € R¥ is a vector of deviations from the means of macroeconomic variables, m; isanl X 1
vector of exogenous (or fundamental) and mean-zero shocks, and 7; is a p X 1 vector of rational
expectation forecast errors (or endogenous/non-fundamental shocks). 04(0), 0, (0), 0, (0), and o5 (0)
are coefficient matrices. © is the vector of the model’s parameters. 0y(0) and o, (©) are dimensions
of k X k matrices. 0,(0) and 05 (0) are dimensions of k X [ and k X p matrices, respectively.

To calculate the indeterminate set of equilibria, we close the model by converting non-
fundamental errors to fundamental errors.

It is assumed that:

5 See Appendix for the log-linearized equations of the model.

TESTING FOR AGGREGATE INSTABILITY IN AN OPEN ECONOMY
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E(_ym; = 0and E;_1m; = 0
We define the covariance matrix of exogenous shocks (Q,,,,,, as:
Qmm = Ec—1 (M my)
We assume that the model has » unstable eigenvalues and p non-fundamental errors. Under
some regularity assumptions, there will be m = p - n degrees of indeterminacy. To treat indeterminate

models as determinate, m non-fundamental errors are redefined as new fundamental shocks.

We partition the 7, into two pieces: 1y and 1y, ;.

Nrt
0o (0) Xy _ 0, (0)X_4 + 0, (O)m; + (03,f (©) 03, (9))(mx1

kxk kx1 kxk kx1 kxl Ix1 kxm kxn "n,t)
nx1

where 7, is newly-defined fundamental errors and 7,, ; is the remaining non-fundamental errors.

We then re-write the system:

0o (@) Xy _ o0, (@)X, + (02 (0)03£(0)) M, + (03,n (9))77111
kxk kx1 kxk kx1 kxl kxm kxn ‘nx1

where

We choose newly-defined fundamental shock using CPI inflation:

Npe = iy — Eeq Tt
To allow fundamental shocks to co-vary with each other, we define all shocks' processes as:

eyt = LUy,
ear = la1Upe + Lz Ugy
eyt = lyiUy; + l3p Ugr + L33 Uy
eqr = laglpe + LipUge + lig Uy + Lasugys
Nre = lsillye + lsa Ugr + lszUyrr + Lty + lss Uy,

where all /s are coefficients, and u,;, Uqy, Uy» ¢, U, and Uy, are the shocks' innovations.

TESTING FOR AGGREGATE INSTABILITY IN AN OPEN ECONOMY
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Parameter vector © is:

[T[, 0 0, ﬁ: a,€, v, (' Y, ¢m ¢y' ¢eJ D, ParPv: Pas P;, Pi» Ouy» Ouysr Ougr Oy Gusl lll' l21’
'
l221 lSli l32) l33' l41J l4-2' l43' l44l 151' l521 153' l54-) l55]

Xt = [ 6t) ﬁt! WLT' ﬁl\(,‘[, ﬁtl dt' at' it' d}tJ ¢tl ft' vt' ﬁH,t' §t' yt' ét' EI\D ﬁlf) y:: ﬁtv
I i A~ A~ a /
Eiir1, Ecrin, Bt i1, Bt Tean, Bt Covns €uth €artr €artr €97t 0 M
We choose prior means and prior standard deviations, which lead to a probability of
determinacy of 0.54 and 0.58 for the first and second rule, respectively. This is to avoid bias towards

either determinacy or indeterminacy. In our estimation, we use the Bayesian method with 6 chains and
1,500,000 draws from each chain.

5. Results of Empirical Analysis

In this section, we analyze the model using the CPI inflation rate, nominal interest rate, nominal
exchange rate, and output growth.

Table 2 Posterior Means and Standard Deviations
Rule I Rule II
Mean Standard Dev. Mean Standard Dev.

T 9.54 2.20 9.36 2.17

0 0.73 0.04 0.73 0.04
b 0.78 0.35 0.77 0.36
q,')y 0.31 0.09 0.33 0.10
be - - 0.05 0.01
® 1.59 0.55 1.59 0.56
Pa 0.61 0.11 0.62 0.11
Py 0.32 0.08 0.32 0.07
i 0.50 0.17 0.55 0.15
Ou1 0.19 0.02 0.19 0.02
Oz 0.31 0.07 0.31 0.07
s 0.24 0.03 0.24 0.03
Ous 0.19 0.02 0.19 0.02
Ous 0.45 0.11 0.45 0.11
I, 0.33 0.04 0.33 0.04
Ly -0.05 0.79 -0.27 0.80
Ly 0.69 0.13 0.69 0.14
Ly 0.22 0.22 0.25 0.22
Ly -0.02 0.08 -0.04 0.07
Lis 0.44 0.06 0.44 0.06
Lo -0.68 0.25 -0.63 0.26
L -0.02 0.07 -0.04 0.07
Lis 0.35 0.08 0.36 0.08
Loy 0.33 0.04 0.33 0.04
Iy 112 0.26 -1.10 0.27
ls, -0.03 0.05 -0.03 0.04
les -0.20 0.05 -0.18 0.05
Ly -0.15 0.16 -0.14 0.17
les -0.00 0.02 0.00 0.02

5.1. Parameter Estimates

Table 2 presents posterior means and standard deviations of the parameters under two monetary
policy rules. The values of individual parameters are near each other under both rules. As seen in Table
2, the policy responses to inflation rate and output are weak. Giirkaynak et al. (2015) empirically support
our findings. The long-run inflation rate is less than 10%. According to our findings, domestic price

TESTING FOR AGGREGATE INSTABILITY IN AN OPEN ECONOMY
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levels are quite rigid. Moreover, the inertial parameter of the Taylor rule is moderate. On the other hand,
long-run inflation rate volatility is high while we see low standard deviations in the coefficients of
inflation rate and output.

5.2. Testing for Indeterminacy
Using posterior means and standard deviations, we calculate the posterior probability of
determinacy and indeterminacy of the model based on 1,000 draws from the posterior parameter vector

under alternative monetary policies.

Table 3: Probabilities of Determinacy and Indeterminacy

Rule Determinacy Indeterminacy
1 0.02 0.98
2 0.02 0.98

Table 3 indicates that the probability of indeterminacy is close to 1 under both rules. The
economy is highly likely to be indeterminate as monetary policy rules are not strong enough to remove
sunspot fluctuations and varying propagation mechanism of shocks in macroeconomic variables. Thus,
macroeconomic variables may fluctuate arbitrarily.

6. What leads to indeterminacy?
In this section, we discuss possible causes of indeterminacy.

6.a. Long-run Inflation Rate

© o wo

As trend inflation rate
increases, y
determinacy region shrinksﬂ,ﬁ"

Figure 1: How determinacy region responds to increases in long-run inflation rate

In this subsection, we evaluate how increased long-run inflation affects the model’s
determinacy properties. Figure 1 indicates that the determinacy region shrinks at higher long-run

¢ In this subsection, we set @« = 0.30,0 = 0.75,0 =3,y =v=1,{ =0, = 2,and € = 7.67.

TESTING FOR AGGREGATE INSTABILITY IN AN OPEN ECONOMY



13 BOGAZICI JOURNAL

inflation rates. Our findings are in line with Ascari and Sbordone (2014) and Ascari and Ropele (2009).
This dynamic results from the non-linear relation between long-run inflation and output. As the long-
run inflation rate increases, output decreases (Ascari and Sbordone, 2014). Thus, the determinacy region
shrinks more at higher long-run inflation rates.

6.b. Trade Openness

In this subsection, we discuss how increased trade openness affects the model’s determinacy
properties at positive long-run inflation rates.” Figure 2 indicates that higher trade openness leads the
determinacy region to shrink more at positive long-run inflation rates when compared to the closed
economy. Our findings are in line with Kara et al. (2021). The movement arises from the long-run
relation between output and inflation rate. Higher trade openness weakens this relation (Kara et. al,
2021). Therefore, the determinacy region shrinks more compared to a closed economy.

45 | == 0.00
0.20
0.40
4r 0.60

s
fﬂ / As trade openness
w‘i1 Ve increases at positive

s ,/ long-run inflation rate, 7
,«/ determinacy region
shrinks

Figure 2: How the determinacy region responds to increase in trade openness

6.c. Calvo Parameter

In this subsection, we analyze how changes in the Calvo parameter affect the model’s
determinacy properties.® Figure 3 indicates that higher Calvo parameters shrink the determinacy region
at positive long-run inflation rates. A higher Calvo parameter makes the NKPC more forward-looking,
leading to a smaller determinacy region.

"Wesetwr =3,0 =0.75,0 =3,y =v=1,{ =0,¢ = 2 and € = 7.67 in this subsection.
$Wesetm =3, =0.30,0 =3,y =v=1,{ =0,¢ = 2 and € = 7.67 in this subsection.

TESTING FOR AGGREGATE INSTABILITY IN AN OPEN ECONOMY
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45 | == 050
0.75

As Calvo parameter
increases,
determinacy region
shrinks

0 O.‘S
Figure 3: How the determinacy region responds to change in the Calvo parameter

A shrinking determinacy region implies that the Central Bank should respond strongly to
changes in inflation rate and weakly to output in order to keep the economy determinate. Otherwise,
macroeconomic variables are not uniquely determined. Assuming that nominal interest rates remain
constant, any increase in inflation expectations leads to a decrease in real interest rate and leads to
increased output through the Euler Equation. Thereafter, the inflation rate increases through the NKPC.
As long as the nominal interest rate remains constant, this dynamic repeats and results in self-fulfilling
fluctuations in macroeconomic variables.

7. Robustness

In this section, we perform robustness analysis using the CPI inflation rate, nominal interest
rate, real exchange rate, and growth of output.

Table 4: Probabilities of Determinacy and Indeterminacy

Rule Determinacy Indeterminacy
1 0.02 0.98
2 0.01 0.99

Table 4 indicates that, under both rules, the probabilities of indeterminacy is considerably
greater than the ones of determinacy. The economy is thus highly likely to be indeterminate. These
findings are in line with benchmark cases.

8. Conclusion

In this paper, we evaluate the stability of the Turkish economy in the early 2010s using a small
open economy New-Keynesian model featuring a positive long-run inflation rate and inflation rate
indexation under alternative monetary policy rules. We first estimate the model’s empirical results under
alternative monetary policy rules. The model’s empirically results indicate that long-run inflation rate
is high and the Calvo parameter is moderate despite the Central Bank’s weak response to inflation rate
and output. We found that the economy has a high likelihood towards indeterminacy under all rules.
High long-run inflation and high Calvo parameters are the driving forces of indeterminacy in the
economy, although trade openness aggravates the effects of long-run inflation on the determinacy
region.

TESTING FOR AGGREGATE INSTABILITY IN AN OPEN ECONOMY
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Appendix

In this section, we display a log-linear approximation of the model equations. The hat variable
implies a log deviation of the variable from its steady state.

A . T . (A.1)
Et(Ceyr) — (6p) = pu E (il — fle1) — dg

ol + oft, = W7, (A.2)

ﬁt = :),}t - at + 21— (A.3)

Wrt = W?"t + a§t - fit (A.4)

_ Om (- D=0 (A.5)

ﬁH,t = 1= 9rE-DE-O (ﬁH,t - (ﬁt—l)

Pre = Pr — Pe (A.6)

P = (1= 6Bnc =) (me", + 9, — 0(&)) + (A7)
Gﬁ”E(I_Z)Et(_E(ﬁt — My + (e + 1)ﬁH,t+1 +Yit1)

b = (1 - 0pmEDA=0) (3, — 5¢,) + (A.8)
eﬂﬂ(e_l)(l_()Et((_E){ﬁt - ﬁt+1 + EﬁH,t-{-l + ¢t+1))

2, =—e(1-0m=D)py, + (A9)
O =9 (—e(fy_y + €fty i + 2_1)

iy = fig: +alds; (A.10)
e = (1 —a)$; (A.11)
n" oA A 1 (A.12
)’t=ct+a)’5t+a(v_g)% )
o oA aw (A.13)
yt_Ct+(1_a)O_qt
where

w=0cy+1—-a)(ov—-1)

?*t =% (A.14)
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where
Ve =Py V' y teys
py~ is the persistence of world output shock
and e+, is the shock innovation.

Qlr

Ce=C"++—=q,

I =pile—1 + (1 — Pi)(¢nﬁt + qbyj}t + P (& — ét—l)) + v,

le =Tt + Ec(ér41 — €r)
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