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Sovereign Default Risk, Macroeconomic Fluctuations
and Monetary-Fiscal Stabilisation

Abstract

This paper examines the role of sovereign default beliefs for macroeconomic fluc-
tuations and stabilisation policy in a small open economy where fiscal solvency
is a critical problem. We set up and estimate a DSGE model on Turkish data and
show that accounting for sovereign risk significantly improves the fit of the model
through an endogenous amplication between default beliefs, exchange rate and in-
flation movements. We then use the estimated model to study the implications of
sovereign risk for stability, fiscal and monetary policy, and their interaction. We
find that a relatively strong fiscal feedback from deficits to taxes, some exchange
rate targeting, or a monetary response to default premia are more effective and
efficient stabilisation tools than hawkish inflation targeting.

Keywords: small open economies, sovereign risk, monetary policy, exchange rates,

business cycles, DSGE models

JEL classification: E58, E63, F41



1. Introduction

Sovereign default risk is a long-standing phenomenon of emerging market economies.
Since the global financial and the European debt crisis, it has also become an important
policy issue for many advanced economies. In this paper, we analyze the implications
of sovereign risk for small open economies from two viewpoints. First, from a modeling
perspective, we ask whether and how accounting for sovereign default beliefs helps a
quantitative DSGE model with new open-economy macroeconomic (NOEM) foundations
to better explain aggregate fluctuations. Second, from a policy perspective, we use the
model as a laboratory to study the implications of sovereign risk for fiscal and monetary
stabilization.

The first question is motivated by a large literature which analyzes business cycles and
economic policy in advanced open economies using quantitative NOEM models (see, for
instance, Adolfson et al., 2007; Coenen et al., 2012). Several studies have attempted to
extend such models to emerging markets (see Malakhovskaya and Minabutdinov, 2014;
de Menezes Linardi, 2016). However, these models are prone to the problem that emerging
markets tend to be characterized by fluctuations that are difficult to explain with standard
NOEM models. In this paper, we show that investors’ beliefs on sovereign debt default
are a key ingredient to be able to explain and analyze such fluctuations.

The use of the estimated model as a laboratory is motivated by a set of policy questions
about monetary and exchange rate regimes that arise in the presence of sovereign risk.
Inflation targeting has become the preferred modus operandi for central banks around the
globe (see Ball, 2010). It is praised for its success in bringing down inflation and inflation
volatility. However, Blanchard (2005) and Schabert and van Wijnbergen (2014) point out
that active monetary policy can actually be destabilizing when fiscal solvency is at risk.
When higher sovereign default premia generate an exchange rate depreciation and the
following increase in inflation triggers policy-induced higher real rates, this can lead to
a further deterioration in the fiscal position, higher default fears and eventually higher
inflation. Is hawkish monetary policy under flexible exchange rate thus self-defeating?
What is the best stabilization policy in such a situation? In contrast, Krugman (2014)
argues that higher sovereign risk is expansionary under flexible exchange rates because the
associated depreciation stimulates demand for domestic goods. How does this potential
channel depend on monetary policy parameters and structural country characteristics?

To answer these questions, we set up a New Keynesian model of a small open economy

with sovereign default risk. In our model, the government borrows in domestic currency at



home and in foreign currency abroad. With some probability it is expected to default on
(part of) its outstanding debt. There is no strategic default. Default premia are instead
determined by a stochastic fiscal limit, similar to Corsetti et al. (2013, 2014). The default
beliefs introduce an endogenous risk premium, which depends on government debt and
deficits, into the households’ Euler equations and into the uncovered interest rate parity
condition. In addition, we allow for a pass-through friction from sovereign to private credit
conditions, following Uribe and Yue (2006), through a possible dependence of the private
external borrowing rate on the government’s foreign borrowing rate. Monetary policy is
conducted by an inflation-targeting central bank that steers the domestic nominal interest
rate and takes into account sovereign risk but is unable to perfectly offset the latter.

To provide a plausible description of the empirical transmission of sovereign risk, the
model further incorporates several standard features from existing empirical NOEM mod-
els, including incomplete international asset markets, a debt-elastic interest rate premium
on private borrowing from abroad and a working capital constraint for firms, while the
rest is a medium-scale DSGE framework with capital and a standard set of shocks and
rigidities such as sticky wages, habit formation in consumption and investment adjust-
ment costs, as in Christiano et al. (2005) and Smets and Wouters (2007). The model
thereby extends the basic frameworks used in related, theoretical studies of the role of
sovereign risk in small open economies such as Corsetti et al. (2013) or Schabert and van
Wijnbergen (2014) that have used smaller-scale calibrated NOEM models closer to Gali
and Monacelli (2005).

We estimate two variants of the model on quarterly Turkish data using a Bayesian
approach. The variants differ only with respect to the presence of sovereign default be-
liefs. We use Turkey as a prototype small, commercially and financially open economy
that has adopted an inflation-targeting framework although fiscal solvency is not well es-
tablished. This country has historically been characterized by large output and exchange
rate fluctuations and persistent and volatile inflation, along with significant fluctuations
in sovereign risk premia (see Figure 1). It was hit by a financial crisis in 2000/01 when
the currency depreciated sharply and interest rates skyrocketed, accompanied by a down-
grading of government debt to below investment grade and a spike of sovereign CDS
spreads. The crisis in 2018/19 also involved a loss of international investors’ confidence,
a strong exchange rate depreciation and rapidly rising inflation, although at lower levels
than during the first crisis and with a less dramatic fiscal situation. The historical and

recent developments indicate that fears of sovereign debt default played a relevant role



Output gap

CPI Inflation

L L L L L O L L hy L
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015
3-month Treasury Rate Real Eff. Exchange Rate

—

995 2000 2005 2010 2015
Debt/GDP

—_

1995 2000 2005 2010 2015
Fiscal Deficit/GDP

-15

1995 2000 2005 2010 2015 1995 2000 2005 2010 2015
Share Foreign Debt 5yr Sovereign CDS Spread

60 8

T 6t

S o

401 R 4r

1995 2000 2005 2010 2015 2000 2005 2010 2015

Figure 1: Evolution of macroeconomic variables in Turkey. Notes. Period 1994Q3-2019Q)2.

although a default did not actually occur.

The paper makes two contributions. First, we study the transmission of sovereign risk
empirically and show that accounting for default beliefs significantly improves the fit of
the NOEM model. The latter requires smaller shocks and less ad hoc, extrinsic persis-
tence and smoothing features to match the data than the version of the model without
sovereign risk. Shocks are instead amplified through an endogenous feedback loop from
government finances and default premia on the exchange rate, inflation and interest rates,
and back to the fiscal position, as well as pass-through effects from sovereign to private
credit conditions. Accounting for sovereign risk improves in particular the empirical fit of
the consumption and investment equations, as well as the uncovered interest rate parity
condition. A formal Bayesian model comparison clearly prefers the model with sovereign
risk. We therefore conclude that modeling investors’ beliefs on sovereign default can lead
to a better understanding of macroeconomic fluctuations in small open economies where
fiscal solvency is a relevant concern.

As a second contribution, we use the estimated model as a laboratory to address a
number of policy questions about the effects of sovereign risk in inflation-targeting small
open economies. In several counterfactuals, we first show that the theoretical argument
of Blanchard (2005) and Schabert and van Wijnbergen (2014) on the impact of hawkish

monetary policy when fiscal solvency problems exist is an empirically relevant concern.



Simulating the estimated model under alternative monetary and fiscal reaction functions,
we document that the parameter space which leads to instability is substantially larger
with sovereign risk relative to a situation where default beliefs are absent. If the central
bank raises nominal rates more than one-for-one with inflation, the feedback coefficient in
the tax rule needs to be more than doubled to yield determinacy. We also find that hawkish
monetary policy leads to a rejection of Krugman’s (2014) dictum in our estimated model,
where higher sovereign default beliefs are contractionary even with a flexible exchange
rate. Although output rises on impact in response to a sovereign risk shock due to the
devaluation, the effect turns contractionary after a few quarters. A counterfactual analysis
shows that the size of this contraction depends critically on the monetary policy reaction
function: a more aggressive response to inflation generates a stronger contraction, while a
weaker response can lead to an output expansion. The effect of sovereign risk on output
also depends on structural characteristics and financial frictions, in particular, the size of
the import share and the pass-through from sovereign to private credit conditions.

In the same line, we show that a more hawkish monetary policy is both ineffective and
inefficient for reducing inflation volatility due to the adverse effect of fluctuations in real
rates on the fiscal position, default expectations and the real exchange rate. Fiscal policy,
in contrast, by stabilizing deficits, has a strong lever on inflation and is the most efficient
tool for reducing inflation volatility. In the limit, a balanced budget rule eliminates
the unpleasant amplification of exchange rate and inflation movements due to sovereign
risk and replicates the no-default expectations outcome. The second preferred option is
exchange rate targeting, which essentially implies ‘importing’ the international risk-free
rate (Schabert, 2011). Finally, we show that lowering the inflation target, whose level is a
key determinant of estimated default rates in our model, is the most efficient policy option
for reducing observed fluctuations, as it stabilizes both inflation and the currency. All in
all, our results underscore the importance of sound fiscal policies and a careful design of
monetary rules for the success of inflation-targeting frameworks.

This paper is also related to other recent articles that analyze the interaction between
sovereign risk on the one hand and monetary, exchange rate or fiscal policy on the other
hand. In a closed economy model, Bocola (2016) examines the transmission of sovereign
risk through banks’ balance sheets. He shows that higher sovereign risk adversely affects
bank funding conditions and raises the riskiness of lending to the productive sector. He
then studies monetary policy in form of subsidized loans to banks and shows that such

a policy has only limited stabilizing effects. We view our work as complementary as



we examine the external channel of sovereign risk, while Bocola (2016) focuses on the
domestic pass-through. Corsetti et al. (2013, 2014) also analyze how sovereign risk may
affect private credit conditions, assuming that private credit spreads rise with sovereign
risk, in calibrated closed economy and two-country models, respectively. In particular,
Corsetti et al. (2013) show that, if monetary policy cannot offset increased credit spreads
because it is constrained by the zero lower bound or otherwise, the sovereign risk pass-
through channel exacerbates indeterminacy problems.! In our model, we allow for a
potential domestic pass-through from sovereign to private credit conditions through a
possible dependence of the private external borrowing rate on the government’s foreign
borrowing rate. In this sense, compared to the above studies our paper is closer to the
literature that emphasizes the relevance of the so-called ‘original sin’, foreign currency
borrowing and currency mismatch in emerging markets, including Céspedes et al. (2004)
and Uribe and Yue (2006).

Na et al. (2018) study exchange rate policy and actual defaults. They propose a
model with downward nominal wage rigidity that can account for the empirical regularity
that defaults are accompanied by large nominal devaluations, which are the outcome of
optimal policy decisions. Bianchi et al. (2019) assess optimal fiscal policy under sovereign
risk. They show that high levels of debt and sovereign risk premia can rationalize the
observed procyclicality of fiscal policy in emerging markets as governments face a trade-off
between debt-financed output stabilization and countercyclical sovereign spreads. Finally,
Arellano et al. (2020) analyze the relations between strategic sovereign default, monetary
policy and debt levels. They show that sovereign risk amplifies inflation volatility, as we
do, but then focus on the disciplining effect of this friction on sovereign debt and the
experience of Brazil.

The remainder of the paper is organized as follows. Section 2 lays out the model and

Section 3 describes its estimation. Section 4 contains the results, and Section 5 concludes.

2. Model

We derive and estimate a New Keynesian DSGE model of a small open economy
with sovereign default risk and pass-through to private credit conditions. The model
incorporates several standard features of empirical NOEM models including incomplete

international asset markets, a debt-elastic interest rate premium on private borrowing

LCorsetti et al. (2014) show that a combination of sovereign risk in one region of a monetary union
and procyclical fiscal policy at the aggregate level exacerbates the risk of belief-driven downturns.



from abroad and a working capital constraint for firms. The rest is a medium-scale
DSGE framework with capital and a standard set of shocks and rigidities such as sticky
wages, habit formation in consumption and investment adjustment costs. This section
outlines the basic model ingredients and the main features and assumptions relevant for
our analysis of sovereign risk. A complete derivation of the model is provided in a separate

appendix.

2.1. Qverall setup

The model has a public and a private sector. In the public sector, a government
issues domestic and foreign currency debt. The issuance of debt in foreign currency is
motivated by the well-known ‘original sin’ phenomenon (Eichengreen et al., 2007). This
phenomenon describes a situation where a limited internal market for debt generates a
need for external financing, but a history of inflation and devaluations makes international
investors reluctant to hold domestic currency debt, as in Turkey.

Following Corsetti et al. (2013, 2014) and Schabert and van Wijnbergen (2014), the
model considers expectations of sovereign default, which play a central role in the pricing
of public debt in emerging market economies and in many advanced economies more
recently.? In these articles, default premia depend either on the level of government debt
or the fiscal deficit. In our specification we allow default expectations to depend on both
the level of debt and the deficit. Whether debt or deficits matter for sovereign yields
is an open question (see Laubach, 2009), so we let the data decide on the importance
of each argument. A common feature across models, including ours, is that the time
path of government debt matters for the equilibrium allocation of non-fiscal variables.
There is also a monetary authority or central bank that steers the short-term interest
rate according to a generalized Taylor-type monetary policy rule.

The private sector consists of households and goods-producing firms, as well as spe-
cialized financial intermediaries that channel foreign funds to domestic households and to
domestic firms which finance working capital expenditure. Due to a private borrowing
premium, the model is stationary (see Schmitt-Grohé and Uribe, 2003). We now describe

in more detail the structure of the model.

2.2. Public sector

The public sector consists of a government that conducts fiscal policy and a monetary

authority that is in charge of monetary policy.

2See Hilscher and Nosbusch (2010).



2.2.1. Fiscal policy

The government issues one-period discount bonds denominated in domestic and foreign
currency, By and Bpy, respectively.®> Domestic currency denominated debt is assumed to
be held entirely by domestic households, while foreign households hold all foreign currency
denominated debt. The government levies lump-sum taxes P;7; on domestic households
and it purchases domestic goods Pp+g:, where P, and Py, denote the consumer price
level and the price of domestically produced goods, respectively.? The monetary authority
sets the domestic currency price 1/Rpy; of domestic bonds, whereas the foreign currency
price 1/Rp; of foreign currency bonds is determined endogenously in equilibrium. The

government follows the (linearized) tax feedback rule
7= Roreo1 + (1= ky) </€th + Kyz)H,t> +ere, K €0,1), (1)

adjusting lump-sum taxes in response to real fiscal deficit fluctuations d, to ensure long-
run debt stability, that is, kg > 0, and to output changes ypm,. A hat over a variable
denotes log deviations from its steady state, and e,; ~ N(0,02) is a scaled tax shock.

Following Corsetti et al. (2013, 2014) and Schabert and van Wijnbergen (2014), ac-
cording to investors’ beliefs, the government defaults when fiscal financing would exceed
a so-called fiscal limit. Investors do not know the exact value of the fiscal limit, which is
determined stochastically, reflecting the uncertainty of the underlying political process.
The limit may depend on both the real value of debt, b;, and the fiscal deficit. We assume
that each period the maximum tolerable debt and deficit, b and d, respectively, are drawn
from a joint probability density function f; ; (b, d;). The probability of default is then
determined by the joint likelihood that b, > b or d; > d, which is given by:

pe = Fy (b)) + Fy(dy) — Fyq(bs, dy),

where Fj (b;) and Fj(d;) denotes the marginal cumulative distribution function (cdf) of

b and d, respectively, and Fy g (b, dy) is their joint cdf. In case of a default, there is a

3Throughout, nominal (real) variables are denoted by capital (lower) letters, asterisks denote foreign
variables and variables without time subscript (and bars) denote non-stochastic steady state values.

4The assumption that government purchases are fully allocated to domestically produced goods is
motivated by empirical evidence for OECD countries of a strong home bias in government procurement,
over and above that observed in private consumption .



haircut of size w € [0,1]. The default rate is

5 w with probability py,
t =
0 with probability 1 — p;.

For the local analysis, we obtain (§/(1 — 5))& = w (CDbI;t + CDcht). We treat ®, and &,
as structural parameters capturing the sensitivity of the default rate with respect to the
level of debt and the deficit, respectively.®

To determine the division of total government debt among domestic and foreign debt,
we assume that the government issues foreign debt as a time-varying fraction f; > 0 of
domestic debt, X;Bp;/Rp: = fiBui/Ru, which follows log(f;/f) = prlog(fi—1/f) + €4
with py € [0,1) and 5, ~ N (0, UJ%). X; denotes the domestic currency price of one unit
of foreign currency. Shocks to the foreign debt share f; could be interpreted as changes
in risk sentiment in international markets, which are exogenous to a small open economy
like Turkey. In addition, on the supply side they capture the government’s decision on
debt denomination (which we do not endogenize for simplicity). We assume further that
savings through default, 6;(Bg;—1 + X;Brt—1), are handed out in a lump-sum fashion
to domestic and foreign households, through transfers equal to 6; By —1 and 6;X;Bp;_1,
respectively.® The period-by-period expected government budget constraint for any period

t reads
Bui/Ru+ + XieBpi/Rpy + Piry + Pir) = Prige + (1 — 6¢)(Bpi—1 + Xt Bri—1), (2)

where Py = PiT;— 6By, P71 = —0,. X Bpy—1, and g, follows an autoregressive process

in logs: log(g:/9) = pglog(gi-1/9) + €4+ with py € [0,1) and g4, ~ N(0,07).

2.2.2. Monetary policy
In line with the actual behavior of the Central Bank of the Republic of Turkey (CBRT),
the main objective of monetary policy is the stabilization of consumer price index (CPI)

inflation. We further include an interest smoothing term and we allow for a reaction to

5These satisfy @ = ( 5 (b) — aFﬁggb’d)) b/ (1—8) and &y = ( F1(d) — ‘9Fﬂgg’d>) /(1 - 9).

6This assumption is made for technical reasons to prevent the discontinuity due to the resource transfer
from foreign to domestic agents in the event of a default that would prohibit the use of local approximation
methods.




output and the expected default rate. This yields the following reaction function:

- - > . o . asd <
Ry =agRui1+(1—ag) |7t + ap (7t — 7e) + ayYms + ——=Fi0i41| +€ryt, QR € 0,1),

1—9
(3)
where 7, = P,/ P,_; is home CPI inflation, %t is the central bank’s inflation objective which
follows an exogenous process ;T“\t = p;frt,l + ez, with px € [0,1) and €5, ~ N(0,02), while
ery ~ N(0,0%) is an i.i.d. shock to the monetary policy reaction function.

According to (3), the monetary authority targets the headline nominal interest rate
and may take into account default expectations. However, because of the interest rate
smoothing term, and because in practice it is difficult to construct timely and stable
measures of risk premia that can be used to estimate short-term rates net of default
reliably, it is unlikely to be able to perfectly offset fluctuations in default premia such
that it effectively steers an interest rate that contains a compensation for counterparty

risk. Indeed, as argued by Loyo (2005), even an overnight rate contains the sovereign risk

premium to the extent that commercial banks hold risky government debt.

2.3. Private sector

The private sector consists of sets of households, financial intermediaries, goods-

producing firms and labor market agencies.

2.3.1. Domestic households
There is a continuum of infinitely lived domestic households with identical preferences
and asset endowments. A representative household chooses consumption ¢;, hours worked

ng, investment i;, and the asset portfolio described below, to maximize
Ey» Ball—0) e " —qi(l+n)'n ™, Be(0,1), 0>0, n>0. (4
t=0

There are two exogenous preference shifters as in Smets and Wouters (2007): a consump-
tion preference shock z; and a labor supply/wage markup shock ¢, ;, with 2; = p,2;_1+€.4,
p- €10,1) and e, ~ N(0,02), and Sy = puSwi—1 + Ewis Pw € [0,1) and &,,; ~ N(0,02).
We assume that domestic households invest in domestic but not in foreign currency de-
nominated government bonds, and in foreign currency denominated deposits at financial
intermediaries, M;, at the nominal gross interest rate R;. Furthermore, they are the own-
ers of domestic capital and choose k;, 1, which they rent out to intermediate goods firms at

the nominal rental rate RY. The flow budget constraint, which takes into account default
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beliefs, is then:
Pi(ei+it+7)+Bui/Rur+ XMy /Ry < (1—0;)Brg—1 + XMy + Wthnt + Rfkt +%, (5)

for given initial wealth endowments By 1, M_; and k. Here, Wt" is the nominal wage
rate paid by labor unions and ¥; collects dividend payouts from ownership of firms, labor
unions and financial intermediaries. Following Christiano et al. (2005), the physical stock

of capital evolves according to the law of motion
kior = pufl = SCi/te-1)is + (1 —@)ky, @ € (0,1], (6)

where S(1) = S’(1) = 0 and S”(1) > 0 and g is an investment efficiency shock with
fit = pufte—1 + Epg, pp € 10,1) and £, ~ N(0,07).
The first-order conditions to the household’s problem (see the appendix) include the

FEuler equation

N = R BEJ(1 — Gp1) M1 ], (7)

where \; denotes the Lagrangian multiplier associated with (5). It follows from (7) that,
all else equal, a higher expected default rate leads households to demand in return a
higher interest rate Ry,;. From (7) and the first-order condition for foreign assets a real
uncovered interest rate parity (UIP) condition can be derived according to which, up to
a first-order approximation, the real exchange rate satisfies

~

Ripy — Eyffters + (1 — 8)0i01] = Re — Ei[ftf,1 — Gea] — dis (8)

where ¢, = X, P}/P, the real exchange rate and =} = P;}/P;  is foreign CPI inflation.
Hence, all else equal, an increase in the expected default rate generates an exchange rate

depreciation due to a lower expected return on domestic financial investments.

2.3.2. Foreign households

There is a continuum of infinitely lived foreign households with the same preference
structure as domestic households. Analogous to the case of domestic demand described
below, a representative foreign household’s demand for domestically produced goods sat-
isfies”

Ty =P/ D)y 9TEN0], 47> 0, (9)

"In what follows, demanded and supplied quantities are denoted by the letters = and y, respectively.
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where Pp, is the price of domestic goods expressed in foreign currency and y; denotes
aggregate foreign demand. Foreign households also invest in foreign currency denominated
bonds issued by the domestic government and have an opportunity cost of funds Rj.
Therefore, they require that

R} = Rp+Ey(1 — 6¢41). (10)

According to (10), given Ry, an increase in the expected default rate leads foreign house-
holds to demand from the domestic government in return a higher interest rate Rp;.
Since the foreign economy is exogenous to the domestic economy we assume that
foreign variables follow independent AR(1) processes: j, = pjj't,l + ¢, with p; € [0,1)
and €, ~ N(0, UJQ-), where j = y*, 7, R*. Aggregate foreign demand is assumed to satisfy

y; = c¢; +1;, where ¢; and ¢} are foreign consumption and investment, respectively.

2.3.3. Financial intermediaries

There is a set of perfectly competitive specialized domestic financial intermediaries
that receive funds denominated in foreign currency, V;, from foreign financial interme-
diaries. The domestic intermediaries use some share of those funds to provide loans for
working capital, L;, to domestic goods-producing firms. The remaining share, M;, is lent
to domestic households. The profits from intermediation are distributed lump-sum to
domestic households. The presence of financial intermediaries is motivated by the need
for specialist knowledge and monitoring capacity for credit intermediation.

Foreign intermediaries charge an interest rate 12, ;Y; on the funds they provide, where
T, is a borrowing premium that depends on the (real) ratio of private foreign debt to

domestic output, as follows:

Tt = eXP[SO(Ut - U)/yH + (1/)15 - ¢)/¢]a » > 07 v > 07 (11)

with v; = V;/P,. The variable v is a shock to the premium that satisfies @/A)t = pzﬂzjt—l +eyt,
py € 10,1) and 4, ~ N(O, 0'5]). In addition, we allow for a pass-through of sovereign risk
to private credit conditions. We assume that the spread between the private borrow-
ing rate without the borrowing premium and R} may depend on the sovereign foreign

borrowing spread:

Ry /By = vi(Bpe/R)™, (12)

where v; is used to scale R,/R* in steady state and v, measures the strength of pass-

through. When v; = vy = 1, the private foreign borrowing rate equals the sovereign rate

12



multiplied by T;. This is the case of full pass-through analyzed by Uribe and Yue (2006).
Otherwise, if v9 > 0 there is partial positive pass-through of sovereign risk, similarly as in
Corsetti et al. (2013, 2014), and there is no direct effect of sovereign risk on the private
foreign borrowing rate when vy, = 0. While the existence of the sovereign risk pass-through
channel is not derived in a formal way, it can be motivated by the possibility that in case
of a sovereign default the government may divert funds from the repayments made by
borrowers (see Mendoza and Yue, 2012). If vy < 0, private external borrowing occurs at
more favorable conditions than public borrowing. For simplicity, we also do not explicitly
model the lending spread that foreign intermediaries require in return for their funds, and
use instead a reduced-form approach following most of the literature.

The first-order conditions for profit maximization of the financial intermediaries imply

Ry =R, T (13)

Hence, the relevant foreign borrowing rate for domestic households and firms increases
with R,, which in turn, according to (12), increases one-for-one with the risk-free foreign
interest rate R} and, through the relation Rp;/R; = 1/[Ei(1 — 6;41)], may increase or
decrease with the expected sovereign default rate as measured by the pass-through pa-

rameter vy. Using the linearized versions of (12) and (13) in the UIP condition (8) yields

Ripy — Byt +0(1—08) " 0p1] = Ry +v20(1—8) " Eydpsr + Yo — Ey[if ) — Geat] — G (14)

All else equal, an increase in the expected default rate generates an additional exchange
rate depreciation if sovereign risk is positively passed through (ve > 0) due to higher
required interest on private foreign debt, or attenuates the devaluation if sovereign risk is
less than fully transmitted to domestic lending conditions (ve < 0), reflecting that not all

domestic financial assets might be affected by sovereign risk.

2.8.4. Labor market, production and pricing

The labor market is described by the sticky-wage model of Smets and Wouters (2007).
A complete characterization of this part of the model is provided in the appendix.

The production sector consists of intermediate, home composite and final goods firms.
Final goods are produced by a set of perfectly competitive firms that demand home com-
posite goods, g+, and foreign goods, xp;, which are combined with the CES technology

v = (1 —19)1/7.7:;};1)/’7 +191/7xg;1)/7]7/(7_1), with share parameter 9 € [0, 1] and elasticity
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of substitution between home and foreign goods v > 0. The associated profit maximiza-
tion problem yields demand functions for z; and zr,; and an expression for the aggregate
price index P, (see the appendix).

The home composite good yp; is assembled by a different set of perfectly competitive
firms that demand intermediate goods in quantities x%;,, with ¢ € [0,1], through the
CES technology ym; = [fol(xﬁq,t)(“l)/edi]e/(ffl), where € > 1 denotes the elasticity of
substitution among intermediate goods. Profit maximization by home composite goods
producers yields input demand functions for all a:ht and an expression for the price index
for home composite goods Pp; (see again the appendix).

Intermediate goods production is conducted by a continuum of monopolistically com-

petitive firms. Each firm ¢ uses the technology
yé],t = atkgﬁ(nzdt)liaﬂ a € (07 1)a (15)

where n¢, and k;; is the firm’s demand for labor and capital, respectively, and a; is common
factor productivity which follows an autoregressive process: a; = paai—1 + €4 With p, €
[0,1) and €,; ~ N(0,02). In addition, each firm finances a share ¢* > 0 of the wage bill

in advance using intra-period loans L; obtained from financial intermediaries:
XLt/ Ry > C“Wynd,. (16)

The role of working capital in amplifying business cycle fluctuations in emerging economies
has been studied extensively (see, for example, Chang and Ferndndez, 2013). We analyze
its role for shock amplification due to sovereign default beliefs. Intermediate goods pro-
ducers set their prices P}I,t to maximize dividend payouts to households. We allow for
Calvo-type staggered price setting following Yun (1996). Each period a fraction 1 — ¢
of randomly selected firms is allowed to set a new optimal price Pﬁﬂt. The remaining
firms adjust their prices according to the indexation scheme P, = (7a-1) (%) " Py, 1,
where ¢ € [0,1] and 1 — ¢ measure the degree of indexation to past producer price inflation

and the current inflation target, respectively.

2.4. Market clearing

Factor, goods and asset markets clear. The small open economy assumption implies
that the foreign producer price level, Pz, is identical to the foreign CPI, P;". Furthermore,

the law of one price is assumed to hold separately for each good (H and F'). As the
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appendix shows, these assumptions allow to derive equations for aggregate supply ym,
and the CPI inflation rate m; in terms of producer price inflation 7. In addition, an
equation describing the evolution of net foreign assets can be derived by combining the
household and government budget constraints and substituting out aggregate payouts %,

which gives

—Xi[Vi/(Ry+ Y1) + Bri/ R = Xu0"y; — 9y — Xoe(Vier + Bri—1). (17)

The borrowing premium Y, ensures that private net foreign assets —V; are stationary
under incomplete international asset markets (see Schmitt-Grohé and Uribe, 2003), while

the fiscal rule ensures stationarity of public net foreign assets —Bp,. ®

3. Estimation

We employ a log-linear approximation to the model’s equilibrium conditions around
the non-stochastic steady state and estimate it by Bayesian methods. Details on the
steady state, log-linearization, estimation and data sources and construction are provided

in the appendix.

3.1. Data

We use quarterly Turkish data on real GDP, real private consumption, real gross fixed
capital formation, real wages, the annualized consumer price inflation rate, the annual-
ized nominal rate on 3-month Turkish lira denominated treasury bills, the real effective
exchange rate, real government consumption, the deficit-to-GDP ratio, real foreign GDP,
the annualized nominal rate on emerging market dollar denominated sovereign debt, the
ratio of foreign currency over domestic currency government debt, and the annualized for-
eign consumer price inflation rate. The sample period is 1994Q3-2013Q3. Foreign output
and inflation are computed as trade-weighted averages of data for the U.S. and the euro
area, which are Turkey’s main trading partners. Nominal variables are demeaned consis-

tent with their steady state values. Real variables are in natural logarithms and they are

8Note that the trajectory of government debt has an impact on the private allocation when f > 0
through the effect of Bp; through V; on the private borrowing premium Y,;. This is because (17)
determines V; while Bp, is determined by X;Br/Rp; = fiBu:/Ru: given total government debt
which is determined by the government budget constraint (2). That is, Ricardian equivalence does not
hold, independently of whether there is sovereign default risk or not. If T; depended instead on the sum
of private and public foreign debt, then Ricardian equivalence would hold in the absence of sovereign
risk.
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linearly detrended.’ Finally, we include measurement errors for all domestic observables,

following Adolfson et al. (2007), as Turkish data are likely to be measured with noise.!?

3.2. Calibration

Several steady state values are calibrated consistent with sample averages, while other
parameters are calibrated following related studies or normalized to standard values.
Specifically, we set 6 = 1 — n/(BRy) = 0.013 in accordance with an average annual
J.P. Morgan Emerging Market Bond Index Global (EMBIG) spread on Turkish govern-
ment bonds of five percent. Further, we treat the time up to 2002Q4, when the monetary
reforms became effective, as a disinflationary period and use the subsequent observations
to calibrate the steady state level of inflation and the domestic interest rate. In particu-
lar, to match the average annual Turkish inflation rate of 8.9 percent we set m = 1.022.
The average annualized 3-month treasury bill rate was 16 percent, so we set Ry = 1.04.
We calibrate the steady state foreign interest rate to R* = 1.018 to match an average
annual interest rate of 7.0 percent. We set v; = 1 so that for the case of no pass-through
(v = 0), the private interest rate equals R, = R*. Further, the steady state values of the
real exchange rate and real private external debt are set to ¢ = 1 and v = 0, respectively.
The elasticities of substitution are e = 10 and ¢, = 21 for intermediate goods and labor
services, respectively. Regarding the exogenous processes, weseta =z =pu=7"T =1. We
calibrate the AR(1) coefficient of the inflation target process to pz = 0.975 and the rate of
depreciation to w = 0.013, following Adolfson et al. (2007). Given w, we choose a share of
capital in production of a = 0.32 to roughly match the investment-to-output ratio of 0.21
in the data. We normalize the share of working time to 30 percent. The shares of govern-
ment consumption and imports in GDP and the ratios of domestic currency and foreign
currency debt to annual GDP are set to their empirical counterparts, that is, s, = 0.108,
v = 0.25, s, = 1.08, and s, = 0.60. We calibrate the import share since including it
in the estimation yielded counterfactually low values of this parameter. Finally, we set
the Frisch elasticity of labor supply to n = 2 and for the estimation introduce external
habits, setting the degree of habit formation to h = 0.7 following Adolfson et al. (2007).
The appendix contains a full table of the calibrated (and implied) parameters and steady

state values.

9We have verified that our main results are robust when estimating the model on data that was
detrended using linear-quadratic and Hodrick-Prescott filtered trends.

10We calibrate the variances of the measurement errors to five percent of the sample variances of the
corresponding data series. The measurement errors then mainly capture high-frequency movements in
the data which the model cannot explain through the structural shocks.
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3.53. Priors

We largely follow Adolfson et al. (2007) and Smets and Wouters (2007) in our choice
of priors which are documented in Table 1. We elicit beta distributions for the Calvo
probabilities ¢ and ¢,,, the price indexation parameters ¢ and ¢,,, the share of working
capital (", the size of the haircut w, the policy smoothing coefficients ar and k., as well
as for the AR(1) coefficients of the stochastic processes, restricting these parameters to
their feasible range between 0 and 1. Relatively diffuse gamma priors centered around the
Cobb-Douglas case are used for the substitution elasticities of the CES demand functions,
~ and v*. We also use fairly diffuse gamma priors for the standard deviations of the
innovations.!! The priors for the domestic innovations have larger means and standard
deviations than the priors for the foreign innovations. We choose normal distributions
for the investment adjustment cost parameter S” and for the policy reaction coefficients
O, Oy, a5, and k,. For the degree of risk aversion, o, and for the fiscal response to the
deficit, kg4, we use gamma priors. The degree of sovereign risk pass-through, vy, obtains
a normal distribution centered around zero. For the elasticities of the default rate with
respect to debt and deficit, ®, and ®,, and for the private risk premium elasticity, ¢,
we use an inverse gamma with infinite standard deviation. These priors are sufficiently

diffuse so that the associated mechanisms may ‘compete’.

4. Results

The discussion of the results is organized as follows. Section 4.1 analyzes the main
mechanisms associated to sovereign risk in a calibrated version of the model. Section
4.2 compares the models with and without sovereign risk according to the estimated
parameters and marginal data densities. Section 4.3 highlights the role of sovereign risk
for savings and investment decisions. Section 4.4 discusses the transmission channels of
sovereign risk based on estimated impulse responses and variance decompositions. Finally,
Section 4.5 studies the policy implications of sovereign risk. Additional results and an

extensive sensitivity analysis are provided in the appendix.

4.1. Model mechanics

Before analyzing the estimated model, we highlight the main mechanisms focusing on

the effects of sovereign default risk on inflation, exchange rate depreciation and domestic

1We use gamma priors since under inverse gamma priors with fatter tails, the version of the model
without sovereign risk relied upon a priori implausibly large shocks to match the data.
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output and demand. For this, we show the effects of an ‘exogenous’ increase in sovereign
risk, which is most easily simulated through a negative lump-sum tax shock. To isolate
the impact of sovereign risk from other model elements, we eliminate the main extrinsic
persistence mechanisms and other model elements by setting S” = i,, = i, = 0, ¢,, = 0.01,
¢ =0,and ap = ay = o = Kk, = Ky = 0. Furthermore, we set o0 = 2, v = 7y* = 1,
¥ =0.25, &, =0.01, d; = 0.1, w = 0.5, v = 0.2, a; = 2, and kg = 1.

Figure 2 shows the impact of a negative tax shock of 10%. The current and expected
real fiscal deficits increase sharply as public debt jumps up immediately and returns to
trend only slowly. So does the expected default rate. As investors expect a lower effective
return on domestic government bonds, they require a future appreciation of the currency.
The real exchange rate therefore sharply depreciates upon impact, and then gradually
appreciates. The depreciation up front mechanically feeds into consumer price inflation
through the composition of the price index as import prices increase. The persistently
higher real exchange rate and the associated expenditure switching of domestic and foreign
households towards domestic goods induces domestic producers to raise prices, along with
the path of the currency. From period 2 onwards, the dynamics of the CPI inflation rate
follow the evolution of the producer price index (PPI) inflation rate. The slower initial
rise in producer prices reflects the decline in marginal costs due to lower real wages and
rental rates on capital.

Domestic households decrease their consumption as the real wage falls, and partly try
to offset the increase in marginal utility by drastically reducing investment. Despite the
improvement of the trade balance following the real depreciation, output drops on impact,
driven by the decline in investment. Thereafter, it overshoots slightly as the higher trade
balance outweighs depressed domestic absorption. The central bank responds to the
strong increase in inflation by raising the interest rate. The real effective interest rate on
domestic government bonds net of default risk hardly moves upon impact, however, as
higher nominal rates, inflation and expected default rates offset each other. Thereafter,

it increases, contributing to lower consumption, but quantitatively its response is small.

4.2. Model comparison

Table 1 reports the posterior means of the estimated parameters and their 95% highest
posterior density intervals for the model with sovereign risk (M;) and without sovereign
risk (Msy). Especially for M;, most of the estimated values are in line with existing
studies of small open economies and Turkey. The autocorrelations of the shock processes

are similar to Garcia-Cicco et al. (2010). The reaction coefficients of monetary policy are
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Figure 2: Simulated impulse responses to a negative lump-sum tax shock based on a simplified model with
sovereign risk (M;). Notes. The shock is scaled to -10%. Nominal variables and the real effective interest
rate are measured in absolute (annual) percentage deviations from steady state, other real variables in
relative percentage deviations from steady state.

in line with GMM estimates for the CBRT by Berument and Malatyali (2000) and Yazgan
and Yilmazkuday (2007), which indicate a relatively large response to inflation. These
studies find no monetary response to fiscal deficit measures or the exchange rate. We
investigate this issue in the sensitivity analysis and confirm the first but not the second
finding, which may be due to different samples. Moreover, Yazgan and Yilmazkuday
(2007) present strong empirical support for a specification with a time-varying inflation
target. Regarding fiscal policy, our estimates are in line with Cebi (2012), who finds
a similar degree of tax smoothing and that taxes stabilize debt. Also, our result of a
strongly active monetary and a relatively passive fiscal authority confirms the analysis of
policy interaction of Oktayer and Oktayer (2016).

With ¢, = 0.01, &; = 0.13, and w = 0.55 the expected default rate does not respond
much to debt but is highly deficit-elastic. An increase in the deficit by 1 percentage point
of GDP leads to an increase in expected default risk by about 1.5 percentage points.
This result squares with the finding of Garcia-Cicco et al. (2010) for Argentina where the
elasticity of the country risk premium with respect to external debt is about one third of

our estimate. The difference can be rationalized by the fact that deficits are persistent. If

they were uncorrelated then the effect of a higher deficit or an increase of the debt level
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With sov. risk (M)

No sov. risk (M)

Parameter Dom. Prior Post.  95% HPDI Post.  95% HPDI
o Risk aversion R G(2,0.5) 1.82 1.19, 2.53 2.37 1.47, 3.37
¢  Price stickiness [0,1]  B(0.75,0.15) 0.84 0.77,0.91 0.94 0.90, 0.99
¢  Price indexation [0,1]  B(0.5,0.15) 0.49 0.24, 0.73 0.36 0.16, 0.56
w  Wage stickiness [0,1]  B(0.75,0.15) 0.86 0.76, 0.94 0.84 0.75, 0.93
lw  Wage indexation 0,1]  B(0.5,0.15) 046  [0.19, 0.75 045  [0.18, 0.72
(¥  Working capital share 0,1] B(0.66,0.238)  0.77  [0.50, 0.99 0.75  [0.46, 0.99
S”  Inv. adj. cost elast. R N(8,1.5) 5.41 3.19, 7.71 7.02 4.50, 9.46
~v  Subst. elast., home R+ G(1,0.5) 0.44 0.21, 0.67 0.47 0.27, 0.65
~*  Subst. elast., foreign R* G(1,0.5) 0.17 0.04, 0.31 0.16 0.04, 0.30
®,  Default elasticity debt RT I1G(0.01) 0.008 0.00, 0.02 - -
®,; Default elasticity deficit ~ RT 1G(0.05) 0.133  [0.06, 0.23 - -
w  Haircut 0,1] B(0.5,0.15) 0.551  [0.29, 0.83 - -
vy Sov. risk pass-through [0,1]  N(0,0.5) 0.178  [-0.08, 0.41] - -
¢ Priv. risk premium elast. Rt 1G(0.01) 0.004  [0.00, 0.01] 0.004  [0.00, 0.01]
ar Int. rate smoothing [0,1] B(0.5,0.15) 0.24 0.08, 0.40 0.35 0.19, 0.50
ar  Mon. inflation resp. R N(1.5,0.25,1) 2.70 2.03, 3.37 1.84 1.00, 2.70
a,  Mon. output resp. R G(0.125,0.075)  0.15 0.02, 0.31 0.24 0.09, 0.41
as  Mon. def. rate resp. R N(0,0.5 0.24  [-0.43, 0.91] - -
kr  Tax rate smoothing [0,1]  B(0.5,0.15) 0.47 0.28, 0.64 0.73 0.57, 0.88
kq  Tax deficit resp. R* G(1.5,0.25) 1.38 1.04, 1.72 1.29 0.87, 1.73
ky  Tax output resp. R N(0.5,0.25) 0.56 0.08, 1.05 0.52 0.04, 1.03
p.  AR(1) cons. preference 0,1 B(0.6,0.2) 0.35 0.08, 0.65 0.64 0.45, 0.81
pu  AR(1) inv. efficiency 0,1 B(0.6,0.2) 0.58 0.26, 0.87 0.77 0.67, 0.88
pa  AR(1) productivity 0,1 B(0.6,0.2) 0.85 0.74, 0.95 0.57 0.22, 0.91
pw  AR(1) wage markup 0,1 B(0.6,0.2) 0.43 0.20, 0.66 0.43 0.18, 0.68
ps  AR(1) gov. cons. 0,1]  B(0.6,0.2) 0.62  [0.45, 0.79 0.62  [0.46, 0.78
py  AR(1) int. rate parity 0,1 B(0.6,0.2) 0.93 0.85, 0.99 0.77 0.61, 0.92
pr  AR(1) foreign debt share [0,1 B(0.6,0.2) 0.95 0.89, 0.99 0.95 0.89, 0.99
py- AR(1) for. demand 0,1]  B(0.6,0.2) 097  [0.94, 1.00 0.97  [0.94, 1.00
poe AR(1) for. inflation 0.1]  B(0.6,0.2) 0.35  [0.16, 0.54 0.35  [0.15, 0.53
pr-  AR(1) for. int. rate 0.1  B(0.6,0.2) 0.88  [0.83,0.93 0.87  [0.82, 0.91
o, Std. cons. pref. inn. R G(0.05,0.025) 0.092 [0.047, 0.144 0.177 [0.113, 0.241
o, Std. inv. eff. inn. Rt G(0.05,0.025) 0.061 [0.012, 0.115 0.156 [0.099, 0.215
o, Std. prod. inn. Rt G(0.05,0.025) 0.055 [0.024, 0.095 0.045 [0.009, 0.087
0w Std. wage markup inn. Rt G(0.05,0.025)  0.034 [0.020, 0.050 0.029 [0.015, 0.044
o4  Std. gov. cons. inn. Rt G(0.05,0.025) 0.043 [0.037, 0.051 0.044 [0.037, 0.050
o, Std. tax inn. R G(0.05,0.025) 0.214  [0.149, 0.283 0.132 [0.088, 0.181
of  Std. debt share inn. Rt G(0.05,0.025) 0.068 [0.053, 0.083 0.068 [0.054, 0.083
orp Std. int. rate inn. R+ G(0.05,0.025) 0.038 [0.025, 0.051 0.054 [0.041, 0.068
oy Std. int. rate parity inn. RT G(0.05,0.025)  0.012 [0.004, 0.020 0.019 [0.008, 0.031
ox  Std. infl. target inn. R+ G(0.05,0.025) 0.016 [0.011, 0.021 0.019 [0.013, 0.026
oy+  Std. for. dem. inn. R+ G(0.01,0.005) 0.006  [0.005, 0.007 0.006 [0.005, 0.007
ox+« Std. for. infl. inn. R+ G(0.01,0.005) 0.004 [0.003, 0.004 0.004 [0.003, 0.004
or~ Std. for. int. rate inn. R+ G(0.01,0.005) 0.005 [0.004, 0.005 0.005 [0.004, 0.005

Table 1: Prior distributions and posterior estimates of model parameters. Notes. The results are based
on 750,000 draws from the Metropolis-Hastings (MH) algorithm, dropping the first 250,000 draws and
an average acceptance rate of approximately 25%. Posterior mean estimates are reported with their 95%
highest posterior density interval (HPDI). U(a, b) refers to the continuous uniform distribution with lower
bound a and upper bound b; B(a, b) refers to the beta distribution on the open interval (0,1) with mean
a and standard deviation (s.d.) b; N(a,b,c) refers to the normal distribution with mean a and s.d. b,
truncated at ¢; G(a,b) refers to the gamma distribution with mean a and s.d. b; IG(a) refers to the
inverse gamma distribution with mean a and infinite s.d.

on expected future debt would be the same. But since deficits are highly autocorrelated

the effect of a higher deficit on the expected debt level in subsequent years is larger than

the impact of current increases in debt on future debt. Therefore, estimated elasticities

of sovereign yields are larger for deficits than for debt, as shown by Laubach (2009). The
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DSGE model BVAR

With sov. No sov. Lag Lag Lag Lag
risk (M) risk (Mz) 1 2 3 4
Log data density 1693.52 1669.90 1080.26 1239.34 1282.18 1332.55

Table 2: Marginal data densities of estimated DSGE model and benchmark BVAR. Notes. For the
DSGE model, the estimation results are based on 750,000 draws from the MH algorithm, dropping the
first 250,000 draws and an average acceptance rate of approximately 25%. Minnesota priors were specified
for the BVAR.

estimated expected investor loss in case of a default is 55%. This is the same value as the
calibrated haircut in Corsetti et al. (2014) and Bocola (2016), and is close to the empirical
estimates of Cruces and Trebesch (2013) who report average haircuts of about 50% in the
1990s and 2000s.

To gauge the plausibility of the implied dynamics of sovereign risk, we compare the
smoothed expected default rate with the EMBIG spreads on (i) U.S. dollar denominated
Turkish bonds over U.S. treasury bonds and (ii) Euro denominated Turkish bonds over
German bunds. The correlation between the model-implied default rate and (i) and (ii)
is 0.67 and 0.59, respectively. The default premium implied by our model thus shows
similar dynamics as these marked-based measures.'? In addition, we find some sovereign
risk pass-through (v, = 0.18), but the estimate is below the calibrated value of 0.55 in
Corsetti et al. (2013, 2014) based on estimates by Harjes (2011). The estimated private
risk premium elasticity ¢, on the other hand, is small in both models. Therefore, that
possible alternative financial friction does not seem to be important. We return to this
point below.

Overall, M relies less on smoothing and extrinsic persistence mechanisms to match
the data. The degree of risk aversion o, the investment adjustment cost elasticity S” and
the Calvo parameter ¢ are all smaller than in Ms. The serial correlations of the consump-
tion preference shock (p.) and of the investment efficiency shock (p,) are also markedly
lower. Moreover, several innovation standard deviations are smaller, in particular of the
consumption preference shock (o) and of the investment efficiency shock (o).

According to Table 2, a formal model comparison clearly supports the model with
sovereign risk. The Bayes factor is p(YT|M;)/p(YT|M;) = exp(23.62) or 1.81 x 10,
indicating strong support for M; over M, conditional on the observed data. Finally, to
evaluate whether either of the model variants provides a reasonable description of the

data we compare them to a non-structural alternative in form of a Bayesian VAR. Table

12There is a fairly strong co-movement, although the EMBIG indicates smaller default premia before
2000 and during the mid-2000s (see appendix).
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Figure 3: Contribution of consumption preference shocks to observed consumption and contribution of
investment efficiency shocks to observed investment. Notes. Estimated contributions for the period
1994Q3-2013Q3.

2 shows that both variants perform better than BVARs with up to four lags in terms of
the estimated data densities, indicating strong support for the specified DSGE model as

an empirical device to study macroeconomic fluctuations and sovereign risk in the small

open economy at hand.

4.83. Default premia and intertemporal margins

Why does M, fit the data better? To provide an intuition we write the consumption

Euler equation, including habits as in the estimation, as

)
1—-9

A R och . R
Eib1 — (1 —p)z + m(ct — 1) (18)

g

1—h

(EtétJrl - ét) = éH,t - Etﬁ'tJrl -

Suppose that expected consumption growth FE,¢; 1 — ¢ shows ‘different” dynamics than
the ex ante real interest rate R;Lt — FEymiy1. For example, according to both models,
estimated expected consumption growth was low in the first half of the sample whereas the
real interest rate was high. There are two channels through which M, can reconcile this:
through consumption preference shocks (z;) or a high degree of risk aversion (o), for given
habit formation (k). In the first case households have a preference for temporarily higher

or lower consumption, while in the second case they dislike consumption fluctuations
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more. Both channels generate a smooth consumption path even if the real interest rate
is not smooth. In M, there is a third channel due to sovereign risk: a positive expected
default rate can balance (18) with relatively small demand shocks and lower values of o.
Households would then invest less in domestic bonds when the real interest rate is high
due to stronger default fears, and vice versa, as reflected by the effective real interest rate
net of default risk, RH’t — Eytyir — 0/(1 — 0)Eydr 1. These arguments also explain part
of the estimation results: smaller preference shocks occur in M; and the degree of risk
aversion is lower.

To illustrate these points, the top panel of Figure 3 plots the estimated contributions
of consumption preference shocks to the observed evolution of domestic consumption for
both models, obtained from historical decompositions. In M (right bars) smaller shocks
are inferred than in M, (left bars), in particular before and during the financial crises
in 2000/01 and 2008/09. This leaves more room for other shocks to drive consumption
through internal model propagation.!?

Similar reasoning applies to investment dynamics. Combining (18) with the Euler
equation for investment yields a relation that links the interest rate differential between
the (net) rates of return on domestic government bonds and physical investment to the
dynamics of investment growth:

RH,t — By |71 + ﬁrkffﬂ + %_551%1 = S5"(iy — ty—1) — PwS" (G441 — 1)
= B2(1 = w)S" (ir42 — r41) — (1 + pu) B(1 — w)ja.(19)

Without sovereign risk, large fluctuations in the interest rate differential can be matched
with smooth investment growth through high adjustment costs S”, large efficiency shocks
ft, or a high autocorrelation p, of these shocks. With sovereign risk, there is another
channel, as changes in the expected default rate can balance (19) for lower values of S”
and smaller as well as less autocorrelated investment efficiency shocks. This is what we
find in the estimation. As an illustration, the bottom panel of Figure 3 shows that M;
requires substantially smaller efficiency shocks to explain observed investment than M.

Finally, we examine the importance of sovereign vis-a-vis private risk in explaining

macroeconomic fluctuations using the uncovered interest rate parity condition, which is

13The better performance of M; is corroborated when comparing the ability of both models to match
selected moments especially of domestic consumption and investment. It comes closer to the data in
terms of the standard deviations relative to output, correlations with output, as well as several standard
deviations and auto-correlation coefficients. Moreover, the one-step ahead mean and mean squared
forecast errors for most domestic variables is smaller in M;. These results are provided in the appendix.
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given by

. R 14+ v9)0 - A . ) ) ~
Ry — By | Tt + %&#1 = Ry — Ey[7i 1y — Qe — Gs + yﬁvt + . (20)
- H

Eq. (20) shows that the private risk premium represents an alternative channel that—
through (18) and (19)—can potentially reconcile observed changes in interest rates, infla-
tion and the exchange rate with the evolution of domestic demand. Moreover, changes
in private risk premia could be an alternative source of model-endogenous fluctuations as
they affect domestic production through the cost of working capital. However, the estima-
tion results show that the private risk channel plays only a minor role in driving cyclical
fluctuations. The estimated elasticity ¢ is close to zero, whereas the default elasticitiy ®4
is large and the degree of sovereign risk pass-through vy is positive. Finally, the model

without sovereign risk relies on larger risk premium innovations to balance (20).

4.4. Sovereign risk transmission and monetary policy
We now discuss in detail the transmission of sovereign risk in the estimated model and

the role of monetary policy in the transmission mechanism.

4.4.1. Determinants of pass-through and monetary policy

We now present the impulse responses to a negative tax shock of 10%, as before, but
including all persistence mechanisms as estimated in M;. The solid lines in Figure 4 show
that, qualitatively, the responses are similar to the simplified version but more persistent.
Due to habit formation and adjustment costs, both consumption and investment show a
hump-shaped response. This is reflected in the evolution of the real exchange rate which,
as before, sharply depreciates upon impact. But now, the depreciation is much stronger
as the estimated default elasticity is higher such that output increases shortly, before
dropping persistently below trend in line with the evolution of domestic demand. Due
to the larger depreciation, CPI inflation jumps up by more. Afterwards, it reverts and
converges towards its long-run trend following the dynamics of PPI inflation. The latter
is more hump-shaped now due to indexation. The central bank responds to higher CPI
inflation by tightening monetary policy and the real effective interest rate increases.

We add several counterfactuals to the figure to illustrate how selected model elements
affect these dynamics. First, we focus on two parameters that determine the strength of
the transmission of sovereign risk to the domestic economy: the import share and the
pass-through of sovereign risk to private credit conditions. The dashed line shows a case

where the import share is lowered from ¥ = 0.25 in the baseline to ¥ = 0.10. While the
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Figure 4: Counterfactual impulse responses to a negative tax shock of 10% based on the model with
sovereign risk (M7). Notes. Counterfactual impulse responses are calculated at the posterior mean (blue
solid line), and setting ¢ = 0.1 (green dashed lines), v3 = 0 (black dash-dotted lines), or a5 = 0 (red
dotted lines).

depreciation is similar as in the baseline model, its impact on domestic consumption and
investment is substantially smaller as the effect of falling imports weighs less on demand.
Accordingly, the increase in the trade balance is more muted and wages as well as marginal
costs fall by less. Output and consumption actually rise for several quarters. The pass-
through channel has qualitatively similar implications. When setting v, = 0 (dash-dotted
lines), the responses of both quantities and prices are more muted. As now the relevant
private foreign borrowing rate is not subject to default risk, the initial depreciation is
smaller. So are the associated increase in CPI inflation and the response of monetary
policy.

To further study the role of monetary policy in the transmission of sovereign risk, we
set as = 0 (dotted lines). Relative to the baseline dynamics, quantities tend to respond
less while prices react more. This asymmetry suggest a policy trade-off to which we return
below. As the central bank does not aim at offsetting the increase in expected sovereign
risk, the real depreciation needs to be stronger in order to generate a larger expected
appreciation subsequently. The additional depreciation pushes up consumer and producer

price inflation further. At the same time, it raises foreign and domestic demand for home
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goods such that output and labor now both increase by more. Accordingly, consumption

and investment fall less.

4.4.2. Krugman’s (2014) dictum

Another important element of monetary policy for the transmission and effects of
sovereign risk is the central bank’s response to inflation. Krugman (2014) argues that
sovereign risk may be expansionary in open economies with floating exchange rates be-
cause, in contrast to a fixed exchange rate regime, it produces a real depreciation and
thereby boosts foreign demand for home goods. We use M; to evaluate this argument and
show that its validity critically depends on the response of monetary policy to inflation.

Figure 5 repeats the baseline responses following a surprise increase in sovereign risk
(simulated as before as a negative tax shock), which is contractionary from the second
quarter onwards. The dashed lines show a case with a weaker inflation response of the
monetary authority (o, = 1.5). Now, output increases persistently. A more dovish
central bank allows the currency to depreciate more, which leads to a larger increase
in the trade balance. Moreover, the depreciation raises external borrowing costs and
increases the default rate further. The real effective interest rate is therefore lower than
in the baseline and the drop in domestic consumption and investment is attenuated. In
contrast, under more hawkish monetary policy (dotted lines, o, = 5.0), the effective
interest rate is higher, the exchange rate depreciates less, the trade balance improves less,
and consumption, investment as well as output fall by more than under the baseline.'*

The effects are similar if the central bank targets (changes in) the nominal exchange
rate (aax = 3, dash-dotted line). The decline in capital inflows following the shock
drives up the interest rate until the point where investors are indifferent between domestic
and foreign assets. Domestic demand collapses and prices rise less so that net exports
increase. This is what Krugman calls the ‘Greek-style scenario’. Output of countries with
fixed exchange rate regimes, such as in a currency union, is more exposed to sovereign risk
shocks as the current account change needs to be achieved via import compression. Under
flexible exchange rates, such shocks are instead partially absorbed through a depreciation

and an increase in exports.

MKrugman (2014) also discusses the role of monetary policy. He argues that a strong increase in the
policy rate in the U.S. and the U.K. is unlikely as both monetary authorities are stuck at the effective
lower bound (at the time of his writing). He allows, however, for the possibility that sovereign risk can
be contractionary if the central banks aggressively raise rates in an attempt to maintain inflation and
inflation expectations. This is what we find in our analysis. Whether higher sovereign risk is expansionary
or contractionary also depends on structural characteristics and financial frictions, in particular, the size
of the import share and the feedback from sovereign risk to private credit conditions (see Figure 4).
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Figure 5: The role of monetary policy’s inflation and exchange rate response. Notes. The tax shock is
—~10%. Impulse responses are calculated at the posterior mean of the baseline model M; (blue solid line),
and setting a; = 1.5 (green dashed lines), oy = 5 (black dotted lines) or anx = 3 (red dash-dotted
lines).

4.4.8. Drivers of fluctuations

We now examine the importance of different shocks for the dynamics of the endogenous
variables in both versions of the model. Table 3 contains the estimated unconditional
variance decompositions of selected variables.'® In line with the results above, the presence
of sovereign risk strongly reduces the role of preference and efficiency shocks as drivers of
consumption, investment and output dynamics, compared to the model without sovereign
risk. Those variables are instead mainly explained by productivity and inflation target
shocks.

The expected default rate is primarily driven by tax and inflation target shocks. The
latter are important for most variables. In the following, we first explain the transmission
of target shocks and then why they are so important at long horizons. Positive target
shocks trigger similar dynamics as negative tax shocks. They induce domestic producers to
leads to higher prices which also raises consumer prices. The monetary authority responds

by strongly raising rates. This increases real interest rates, the real government deficit

5The appendix contains the conditional variance decomposition at horizons of 1, 4, 12 and 40 quarters.
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With sov. risk (M) No sov. risk (Ms)

Out- Cons. Inv. Infl. Int. Real RE- Def./ Def. Out- Cons. Inv. Infl. Int. Real RE- Def./

put rate wage ER GDP rate put rate wage ER GDP
h=0

Cons. pref. ¢, 0.8 38 04 00 01 0.2 00 00 00 121 523 51 02 08 7.6 1.1 0.1
Inv. eff. €, 09 02 22 00 00 0.0 04 00 00 48.0 82818 0.2 04 28187 0.0
Productivity e, 53.7 144351 74128 13212 31 25 03 0.1 00 00 01 24 0.1 0.0
Wage markup ¢, 151 4.2 9.7 26 48 305 56 1.1 09 15 04 02 0.1 02 542 05 0.0
Gov. cons. g4 02 00 00 00 00 00 00 01 01 1.0 0.0 00 00 00 00 0.0 0.1
For. debt sharee, 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 00 00 00 00 0.0 0.0 0.0 0.0
Lump-sum tax ey, 04 1.6 09 09 23 16 21 680696 01 03 01 00 0.0 02 0.3 81.6
Int. rate ep 1.2 07 03 19 31 02 06 08 08 169 38 1.6 51160 1.7 76 6.3
Infl. targ 5 18.9 59.5 21.0 78.2 60.6 46.5 34.3 22.722.6 11.5 304 9.6 90.1 75.5 25.6 424 8.6
For. demand &~ 05 07 02 00 01 09 1.1 00 00 1.7 24 08 01 01 24 57 0.0
For. inflation e~ 0.0 0.0 0.0 0.0 0.0 0.0 00 00 00 0.0 0.0 00 00 00 00 01 0.0
For. int. rateeg- 02 09 1.2 1.1 20 11 22 07 06 05 07 03 06 1.2 0.6 6.5 0.7
Int. rate parity e, 8.1 13.929.0 79142 178324 36 29 64 14 05 35 57 24170 25

Table 3: Unconditional posterior variance decomposition. Notes. Table entries refer to the contribution
to the unconditional variance (in percent) at the posterior mean. Some of the totals may not sum up to
100% due to rounding errors.

and the expected default rate. The latter implies a depreciation up front followed by an
expected appreciation for investors to hold domestic currency denominated government
bonds. The depreciation feeds back into inflation, amplifying and prolonging its initial
increase. At the same time, the higher default rate offsets the increase in the real rate,
such that the real effective interest rate actually declines for several quarters. This adds
to the improvement of the trade balance induced by the depreciation and leads to overall
higher output.

Inflation target shocks are important because they are very persistent and directly
affect domestic variables, as opposed to foreign demand shocks which are similarly per-
sistent. This implies strong increases in PPI inflation according to the forward-looking
component of the Phillips curve, and hence CPI inflation, as well as large increases in pol-
icy rates, real interest rates and fiscal deficits.'® Finally, we note that productivity shocks
are also an important driver of many variables up to medium-term forecast horizons (see

appendix).

4.5. Policy implications of sovereign risk

Our sample is characterized by a gradual move by the Turkish central bank towards
an inflation targeting framework with a flexible exchange rate, similarly as in many other
emerging markets like Brazil, Mexico, or Russia. At the same time, the findings of the
previous sections suggest that sovereign default risk can be a key determinant of macroe-

conomic fluctuations in a small open economy. What could be done in such a situation

16We use the persistence to distinguish these shocks empirically from i.i.d. domestic interest rate
shocks.
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to keep inflation in check? What are the associated policy risks and trade-offs? In this

section, we use our model to provide answers to these questions.

4.5.1. Is hawkish monetary policy self-defeating?

One option to stabilize inflation is a tough stance of monetary policy towards it.
However, Blanchard (2005) argues and Schabert and van Wijnbergen (2014) formally
show that this gives rise to the possibility that fiscal credibility may be impaired because
of higher debt servicing costs in the face of inflationary surprises. In an extreme case,
the argument goes, hawkish monetary policy can be self-defeating through adverse feed-
back dynamics from monetary-policy induced higher real rates on fiscal deficits, default
expectations, exchange rate depreciation, and an eventual further increase in inflation.
Aggressive monetary policy would then generate unstable dynamics. We now use our
estimated model as a laboratory to study under which circumstances this is the case and
why.

The black area in Figure 6 shows the region where the model has a unique stable
equilibrium as a function of the monetary response to the inflation gap, a,, and of the
fiscal reaction to the deficit, k4. We compare the determinacy regions of the estimated
model with sovereign risk and of a version where &, = ®; = 0. The gray area with
circles shows the parameter space that is added to the region of instability due to the
existence of sovereign default beliefs. Here, unstable dynamics arise in which higher real
interest rates imply such a deterioration in the fiscal position and corresponding default
expectations that capital outflows and the depreciation of the currency lead to additional
inflation and instability. If monetary policy is active, that is, if it responds to deviations of
inflation from its target by more than one-for-one, the fiscal feedback needs to be doubled
to yield determinacy. Similarly, the determinacy region shrinks with sovereign default
beliefs if monetary policy is passive. Then, the fiscal feedback needs to be strictly larger
than zero and higher than without sovereign risk to yield stable and unique equilibria.'”
From these findings we conclude that the argument of Blanchard (2005) is an empirically
relevant concern. At the same time, inflation targeting is not necessarily destabilizing in
an economy plagued with high levels of sovereign risk if it is coupled with a sufficiently

strong fiscal feedback.

170n the other hand, the indeterminacy region, implied by a high fiscal response and a low monetary
feedback (white area in lower right corner), is not affected by the presence of sovereign default beliefs.
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white - regions of indeterminacy/ instability in both models.

4.5.2. Policy trade-offs

We now focus on the case where the monetary-fiscal rules ensure determinacy and
study alternative policies that can be used to reduce inflation volatility, and the implied
trade-offs. For this, we simulate the estimated baseline model with sovereign risk, using
the inferred shocks, and change selected policy coefficients one at a time. Figure 7 shows
the simulated standard deviations of output and annualized inflation. The black diamond
marks the volatilities implied by the estimated policy coefficients. The points closest to
the origin form the variance frontier and contain the most favorable policy trade-offs.

There are asterisks northwest of the estimated variances with smaller output fluctu-
ations and only mildly higher inflation volatility. These points correspond to lower than
estimated values for the monetary inflation response. They reflect the argument of Blan-
chard (2005) that less aggressive inflation targeting can entail stabilizing elements because
it dampens fluctuations in default rates, real exchange rates, and output. Reversely, the
asterisks to the right of the estimated variances show that more hawkish monetary policy
is a relatively ineffective tool. There is only a small decline in the standard deviation of
inflation when increasing the inflation response. Moreover, this strategy is coupled with

strong increases in output volatility, rendering this policy option inefficient.
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A stronger fiscal feedback (blue circles) allows moving southeast. This is the most
efficient policy option. In the event of adverse shocks, such a policy is akin to a stabi-
lization of expected default rates, which prevents sharp exchange rate movements and
corresponding volatility in PPI and CPI inflation. Marginal costs and the interest rate
on working capital also fluctuate less. A second element relevant for understanding the
strong lever of fiscal policy on inflation is the transmission of inflation target shocks, which
are a main driver of inflation (see Table 3). These shocks have much smaller price effects
when sovereign risk is less sensitive to them. Target shocks lead domestic producers to
change prices. This feeds into consumer prices. The CPI targeting central bank responds
by strongly adjusting policy rates, such that real rates fluctuate as well. The latter, in
turn, lead to movements in the real fiscal deficit, the expected default rate, and the real
exchange rate, which ultimately feeds back into inflation. A fiscal authority with a large
feedback coefficient is able to prevent part of these adverse dynamics. In the limit such a
policy implies a balanced budget regime. The fiscal authority then eliminates fluctuations
in sovereign risk and thereby replicates the point in the variance space which corresponds
to @, = ¢, = 0 (compare last circle where k = 1000 and black pentagram). This result
underscores the importance of strong fiscal rules for countries operating under inflation

targeting.
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The same reduction in inflation volatility, but at the cost of higher output fluctua-
tions, can be reached by increasing the monetary reaction to either expected sovereign
risk (squares) or nominal exchange rate movements (crosses), with the former policy dom-
inated by the latter. Responding more to default expectations addresses the problem of
setting a risky interest rate and the associated unpleasant amplification of exogenous dis-
turbances on inflation. The policy coefficient has an upper limit, however, beyond which
the model yields unstable equilibria. If the monetary authority’s aim is to reduce inflation
volatility further, the only tool left is aggressive nominal exchange rate targeting. In line
with Schabert (2011), such a policy has strong effects on the volatility of inflation as it
helps ‘import’ the international risk-free rate and thereby also partly offsets the problem
of steering a rate that contains a risk premium in equilibrium. In the limit, this policy
implies a fixed exchange rate regime. However, while such a regime can partly shield
against the amplification effect of sovereign risk on inflation, this comes at the cost of
higher output volatility (see also Section 4.4.2). Again, the preferred option would be

more fiscal stabilization.

4.5.3. Sovereign risk and inflation targets

In this section, we assess how the inflation target can be reduced to engineer a disin-
flation. We employ the inferred shocks except those for the smoothed inflation target and
feed M; with j alternative target paths. Specifically, we set the first innovation to the
target to 8;1 € [—0.05; 0] and sf;w =0Vt > 2. The first value of the range for 5;’1 implies
that the target drops to its long-run level immediately. The last value implies that it
starts at its inferred initial state and then smoothly converges to its steady state without
further disturbances. The speed of convergence is dictated by the autocorrelation of the
target. The smoothed path of #; and the two polar cases with no and full initial drop are
shown in Figure 8, together with the implied trajectories of other variables.

The faster reduction in the inflation target in the counterfactuals (dashed and dotted
lines) during the first part of the sample leads domestic producers to drastically reduce
prices. This feeds directly into lower consumer prices. As the central bank responds by
more than one-for-one to the decline in CPI inflation, the real rate falls. This lowers public
financing costs, the real fiscal deficit falls as well, and the expected default rate declines
sharply. This decline is so strong that the real effective interest rate actually increases,
and private consumption falls. The exchange rate, on the other hand, appreciates due
to higher expected returns on sovereign debt and lower domestic inflation. This lowers

net exports which, together with reduced domestic demand, depresses output. Marginal
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initial state and the steady state value of the inflation target.

costs fall as well, adding to the disinflationary impulse: the relevant borrowing rate for
firms financing working capital declines due to the pass-through from lower sovereign risk
to private credit conditions and this offsets a small increase in the real wage following
the decline in consumer price inflation. When the counterfactual target path exceeds its
smoothed value during most of the second half of the sample, these dynamics are reversed.
Moreover, the effects are stronger the larger is the initial drop in the target. These results

show that a credible low-inflation policy can substantially reduce sovereign risk premia.

4.6. Efficient crisis response

Finally, we compare the crisis in 2000/01 to that in 2018/19 and evaluate alternative
policy responses. As Figure 1 shows, there are commonalities but also important dif-
ferences between the two crises. The main common feature is the sharp depreciation of
the currency during both episodes, reflecting a sudden drop in investors’ confidence. The
fiscal situations, however, were different. During the 1990s the government ran large and
persistent deficits and actual and expected bank bailouts questioned fiscal solvency at the
beginning of the 2000s. Interest rates on government debt skyrocketed-way in excess of

inflation—, CDS spreads shot up, and government debt surged dramatically. In contrast,
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in the 2018/19 crisis, fiscal deficits were moderate and public debt, Treasury rates and
CDS spreads were low. Nevertheless, the successive pruning of the central bank’s inde-
pendence let to a loss of its credibility in the eyes of domestic firms and international
investors. Turkish companies were setting higher wages and prices, the Lira’s value de-
clined against the Euro by around 50 percent and the inflation rate doubled from 10 to
20 percent.

What can domestic authorities and international institutions do to counter the dra-
matic currency erosion and price increases? To answer this questions, we evaluate the

effectiveness and efficiency of the following three policy interventions:

1. fiscal consolidation
2. contractionary monetary policy

3. restoring central bank independence

To quantify the three measures, we simulate the effects of a reduction of government
spending by 10 percent, an increase in the domestic policy rate by 10 percentage points,
and a lowering of the inflation target by 5 percentage points. We interpret the third
measure as restoring central bank independence and thereby the credibility of the inflation
target.

Figure 9 shows that all three measures stabilize the currency. Although lowering pub-
lic spending only results in a slight revaluation due to confidence effects, raising the policy
rate leads to an appreciation by around four percent in the first quarter. A long stabiliza-
tion phase follows as a consequence of lowering the inflation target. The overall effect of
the measures is an almost 10-percent increase in the Lira’s value after two years. This pri-
marily reflects foreign investors’ resurgent confidence in the domestic currency. Sovereign
risk decreases by more than five percentage points as the budget balance increases. Fiscal
consolidation and lowering the inflation target contribute most to this improvement, while
raising the interest rate increases public financing costs. Along with the nominal appre-
ciation the real exchange rate also rises, and inflation falls by around 10 percent initially.
At the same time, output drops by more than 2 percent, before completely recovering
after two years.

We apply two criteria in order to assess which measure is most efficient. The first is the
‘sacrifice ratio” and defined as the cumulative production loss (relative to trend output)
over the inflation reduction. Because Turkey’s recent crisis primarily affected its currency,
we also compute the ratio of cumulative production losses to nominal appreciation and

use it as a second criterion. We calculate both measures for the first year after the policy
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Figure 9: Dynamic effects of policy interventions. Notes. The figure shows the impulse responses of
selected variables to four alternative shocks and the overall effect (thick black line).

interventions; a smaller number means higher efficiency. Figure 10 shows that reducing
the inflation target is most efficient in both fighting inflation and stabilizing the currency,

followed by raising interest rates and by cutting government consumption.!8

5. Conclusions

We study the role of sovereign risk for macroeconomic fluctuations and stabilization
policy in a small open economy. We first set up a quantitative DSGE model with new
open-economy macroeconomic foundations where a perceived risk of sovereign debt default
leads to a time-varying default premium on government bonds linked to the fiscal position.
We estimated the model on Turkish time series data showing remarkable fluctuations in

interest and exchange rates, inflation, as well as in fiscal deficits. Our results show that

8Note that the sacrifice ratios in Figure 9 are by far the highest for a cut in government consumption,
while we learned from Figure 7 in Section 4.5.2 that fiscal consolidation through a stronger tax feedback
is most effective for reducing inflation volatility without sacrificing much in output volatility. This is due
to two main forces. First, a feedback rule entails credible future commitment in response to all shocks
hitting the economy, which is absent in a one-off cut in government spending. Second, as government
consumption is biased towards domestic goods, a spending cut generates a relatively large fall in output
and depreciation pressure which compensates the effect of the fiscal consolidation on the real exchange
rate and inflation.
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the introduction of sovereign default risk strongly improves the ability of the model to
explain such fluctuations. The underlying mechanisms rely on a feedback loop from
government debt and deficits on sovereign risk premia, the exchange rate, inflation and
interest rates and back to deficits, as well as pass-through from sovereign to private credit
conditions. These mechanisms are also critical to understanding the improved empirical
fit of the consumption and investment Euler equations that we detect, and of the interest
rate parity condition. Overall, accounting for sovereign risk implies smaller shocks and
less need for extrinsic persistence mechanisms as it instead generates more intrinsic shock
propagation.

We then use the model to analyze the policy implications of sovereign default risk.
Our findings show that hawkish monetary policy requires substantially higher tax feedback
coefficients to stabilize the economy when government solvency is at risk. At the same
time, hawkish inflation targeting implies that increases in sovereign default risk themselves
are contractionary despite their weakening effect on the exchange rate which stimulates
demand for domestic goods. Furthermore, our results suggest that sound fiscal policy is
a key condition to stabilize inflation, while more hawkish monetary policy is a relatively

ineffective tool. Finally, we use the model to assess several policy options to reduce
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observed fluctuations in Turkey. We find that a reduction of the inflation target would be
the preferred policy option for stabilizing the currency and curbing inflation. All in all, our
results highlight the importance of interaction effects between monetary and fiscal policy
for macroeconomic stability in small open economies where sovereign risk is a relevant

concern.
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This appendix contains a detailed derivation of the model, as well as details on the estimation
methodology, the data used and some additional results. Section A provides the derivation of the
model’s equations, Section B the non-linear equilibrium conditions, Section C the steady state solution,
Section D the log-linearization and Section E a compact representation of the linear equilibrium
conditions. Section F discusses some details on the estimation including data sources, definitions
and the construction of foreign variables. Section G describes the changes to the model’s equations

considered in the sensitivity analysis. Finally, Section H contains the additional results.

A Model equations

A.1 Fiscal policy

The government budget constraint is

B B
Hi | X, Fit

=+ PtTt + PtTt* = PH,tgt =+ (1 — 5t)(BH,t—1 =+ XtBF,t—l)a (Al)
Ry Rpy

or, dividing by P; and defining by = By /P, brt = Bry/ Py, ¢ = Xo Py /P, and pgy = Pt/ P,

b b . _ o
LEANT qt AL T+ 7 = prege + (1= 0¢) (b 17y '+ qtbp 17y 1)>
Rp+ Rpy
where
T = Tt — 5th,t—17rt_17 (A-2)

*

x—1
= _5tthF,t717rt s

T
E — ’Ft—l " % " % i ex (8 )
T T d YH p T,t )

di = b — bH,zt717T;1 + g (bpe — bF,t71W:71)7
br bm,
wn— = fiz—-
tRF,t tRH,t

Combining (A.1) with (A.2) yields
bt + @bri/Rpt + Tt = DHage + bH,1:717T;1 + thF,tfﬂT:il- (A.3)

The default probability is
pe = Fy (be) + F (de) — Fp g (b, dy) (A.4)



where Fj (b;) and Fj(d;) denotes the marginal cumulative distribution function (cdf) of b and d,

respectively, and Fy g (b, d;) is their joint cdf.
The default rate is
5 — w with probability py,
T o with probability 1 — p;.

A.2 Monetary policy

The monetary policy rule is

Ry, Rus—a \“" | ®e (me\™" [y \ ™ Op1 ) 70
2 = d —_— - : E :
Ry ( Ry ) T \ Ty YH ¢ 1) exp(ER’t)

A.3 Domestic households

Maximize
o 1+n
1 1 Ty
g — +s
E; E Bzt 45 7(Ct+s - hctJrsfl) 7 — Swit+sT |
l1-o 147
s=0
where

B M.
Py + i + 1) + RH’t + Xt?t <(1—=6)Bu—1+XeM_1+ Wthnt + Rfkt + X,
H,t t

or, dividing by P, and defining m; = M;/P;, w} = W}/P, and r} = R} /P,

. br ¢ my brt—1 mi_1 h % 2
J — < (1-=¢ J k —
Ct+lt+Tt+RHt+Qth_( t) p + G - +wyng + 1y t+Pt7

)

and where

kt+1 = Mt |:1 - S (Zt):| ’I:t + (1 *W) kt7

1t—1

(A7)

taking prices, wages, interest rates, aggregate consumption ¢, payouts X, taxes 7 and initial wealth

endowments as given. The Lagrangian is

14n
1 = 1— t+s
Rt+s |:1_U (Ct+s - th+s—1) 7 = Qu,t+s Ty :|

b

0 bE t4s—1 Mits—1 h k
L, =E, Z EAR Y (1- 5t+s)7ﬂ-t+s + Gits T +wity Niys + T8 Kigs +
t+s . b s Mits
=0 - (Ct+s titks T T T Rt s R )

+)\t+s)\f+s [ﬂt+s (1 -5 (%)) fips + (1 — @) kygs — kt+s+1:|

t+s
Pt+s




where \; and \;\F denote the Lagrangian multipliers associated with (A.6) and (A.7), respectively.
The first-order conditions (FOCs) are

o A= ze(er — hé—1)77,
ne o Awl = 2tSw Ny (A.8)
kepr 0 MY = BEAeiriiy + A Ay (1 - )],
it A= N[l — S(e) — S (ee)ee] + BE N1 Ay pe1S (bes1) 34 1]s
by ¢ A= Ry BE[(L — S1) Mg,
me Mg = RiBE N1,

with ¢; = 4;/i¢—1, and the no-Ponzi-game condition is satisfied. The first condition shows that A; > 0

in a local neighborhood of the steady state such that the budget constraint holds with equality.

A.4 Foreign households

Analogous to the domestic case described in Section A.7.1, demand for domestic goods by foreign

* * P;Lt s *
Ty =0 o Yy - (A.9)
t

households is

In addition, foreign households have an opportunity cost of funds R;. Therefore, they require that

R: = RF,tEt(]- - 5t+1)~

A.5 Financial intermediaries

Maximize
> A ) m l ) m l
t+s t+s t+s t+s t+s—1 t+s—1 t+s—1
EtZ»BS {Qt-&-s ( + + > — Qt+s < — +— +— ﬂ )
pard At Ry i+sTivs Riys Riys Tits Tits Tits

taking prices, interest rates and initial wealth endowments as given, and where

e e (%) 145

Rv,t — v RF,t 2
rR;  '\UR; '

and

The FOCs are

ve 1 MG = Rt YeBE [ Nev1qee1m ], (A.10)
mele 0 Mg = ReBE[M1qeamid ), (A.11)

and the no-Ponzi-game condition is satisfied. Combining (A.10) and (A.11) yields

Rt = RU’tTt.



A.6 Labor market

The labor market is described by the sticky-wage model of Erceg, Henderson, and Levin (2000) and
Smets and Wouters (2007). Accordingly, households supply their homogenous labor n; to monopo-
listically competitive intermediate labor unions that differentiate the labor services setting wages in
a staggered way. A set of perfectly competitive profit-maximizing labor packers buy and package
the differentiated labor services n!, with I € [0,1], into an aggregate labor service unit n¢ through a
constant elasticity of substitution (CES) technology nd = [fol (nh)lew=D/cwgljew/(cw=1) wwhere €, > 1
denotes the elasticity of substitution among intermediate labor services. The aggregate labor service
is demanded by goods producers at the aggregate wage W;. Labor unions maximize dividend payouts
to households taking as given the wage desired by households, W/ (which is taken as the cost of the
homogeneous labor supplied by households), and aggregate wages, prices and labor demand. Wage
setting is subject to Calvo-type frictions. Each period a fraction 1 — ¢,, of randomly selected unions is
allowed to set a new optimal wage th The remaining unions adjust wages according to the indexation
scheme W} = (my_1)" ()= W]_,, where t,, € [0,1] and 1 — ¢ measure the degree of indexation to
past CPI inflation and the monetary authority’s current inflation target, respectively. The following
provides a complete description of the labor packers’ and unions’ problems and the derivation of the

first-order conditions.

A.6.1 Labor packers

Maximize 1 ol
w.

wtntd - ?tnédl, (A.12)
o It

subject to

€w

1 1 cw—1
nd = [ / (ni)“fwdz] , (A.13)
0

taking prices and wages as given. Substituting out (A.13) in (A.12), the FOCs for all [ are

_1 a2 W
WG =
or
W ™
nt = (VVi) nd. (A.14)

Combining (A.13) with (A.14) yields the aggregate wage index:

1 —
W, = { / (th)l—fwdz} . (A.15)
0

A.6.2 Intermediate labor unions

Maximize -
AitsBr 12 h l
E w s W:z% —W. , A.16
Wi t§(¢ 2 Ath( B = W) Mo (410
subject to
wize
o= () ot (a1



where Ziu’)s =1 for s =0 and Ztu’}s = Hle(ﬂ'pklfl) (7Tt+l)1 bw = (Pt+3 1/Pt 1) (Pt+s/Pt)1 tw for
s=1,2,...,00, taking \;1s, Prys, Wits, Wtﬁs and nt+s as given. Substituting out (A.17) in (A.16)
and using (A.8) yields

M 1—e ¥ —€w
> s APy | (Whze) ™ PrysZigsSwtssniy, [ WiZE
max B, Z (6) )\t; t ( t tie)w anrS L t+)\ sl V[t/ , nngs
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. 1—€w ~ —€w
> >\t+5 thZZUs d thZ;Us d
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W t ; ((ZS 5) )\t Pt+s t+ < Wt+s t+ t+ ;s 4 Wt+s t+
The FOC is
00 Atts I —Cw Z;u,s 1=€w
iy B[ EEWe - a) W) ()l
Wi s 0=E) (6uB)’y N e
s=0 E F2esSw, b sy 5w (Wt) (W:fs) Nits
This shows that W} = W; for all I. Multiplying through by W;/W; yields
oo Atgs Wigs frl—ew ( Ziws e g
< P Py. Wi (1 — ew)W; (Wt, g) Niqs
0="FE,Y (¢uB) Yt re W - (A.18)
t

n w —€w
Zt4sSw,t+sMyy Yr—e€ Zys d
= It W () g

Rearranging (A.18) using w; = W/ P; gives

Zt-l- < t+ n Zw —€w

sSw s't+s d t,s

Etz Puwb)? ey Wy (W )
t+s

)\t s Pt Wt+s Frl—€w Zgl,}s rew
= E Z(@Uﬁ)s /\Jtr Py W, anrs(ew - W Wits .
-0 : :

Defining ¥ = Mwi/(26w,ny), W = Wt/Wt and my,; = Wy/W;_y, this expression can be re-written

recursively as follows:

6wl;trw t — ( )Etrw ty
where
Mo = (s ettt g e (=)
w,t por w Atwt t+s t Wt+s

N oo —€w
N <Wt> Ztgw tnt Z ¢ ﬂ Zt+5gt+5nt+g d W_ew ( Z;f)s >
= e wP) T Neys Ve
Wi - Arwy ° Wits

e )\t+1 ()" (1) ™) (b \ 7
= Wy /Ht + duwf . p—— - F%u t41>
T+1 Ty, 41 Wi+1




and

= )\t+s Pt WtJrs d ¥-1— ( ths >1_€w
F?u _ wB s n SW €w >
Wt ;)((b ) >\t Pt+s Wt t+ t Wt+s

> Mas P W, § Zw o\ e
.1—e d s M+s t t+s d 1—e¢ t,s

- nf + 3 (b _t Wiew [ Zts
Wy~ “Uny +S:1(¢ B) N Pros W, ni W, <Wt+s>

o 1—¢, _ . 1—€yw
Arpr [(me)" (Fepn) ) e ( » ) 6 2
At T1 7 141 W41 W

= a6,

Further, let ©"(¢) denote the set of unions that cannot optimally set their wage in t. By (A.15), W;

evolves as follows:

1
—€y —€w _ Yrl—ew tw (2 \1—typ] 1 Ew
Wi-en = / (W wdl = (1— ) Wi + /@ P e
0 w(t

(1 — )W} ™ + ¢, (1) (%t)l_L'“’Wtfl]

l1—€w

or, dividing both sides by W}~ :

(mp—1)t () e } 1-ew |

7Tw,t

1= (1-¢uw)b; 4 du [

The third equality above follows from the fact that the distribution of wages that are not reoptimized
in period t corresponds to the distribution of effective wages in period ¢ — 1, though with total mass
reduced to ¢y,.

A.7 Production and pricing

A.7.1 Final goods

Maximize

Py — PH,tCL’H,t - PF,tUCF,t,

subject to

1 2=t ;. a=1]A5-1
Yy = [(1 —9)7 Ty +97TR) } , (A.19)

taking prices as given. The FOCs are

Puy\ 77
Ty ¢ Tae=(1—17) P’ Yt (A.20)
t
P -
Trt - TRt = 9 <;,t> Y. (A21)
t

Substituting out (A.20) and (A.21) in (A.19) yields the aggregate price index:

1
1—v

P = [(1 —0) P + ﬂp}ﬂ . (A.22)

A.7.2 Home composite goods

Maximize

1
Py yms — / P}i,t%‘{,tdi, (A.23)
0



subject to

1 =1
; e—1 .
YHt = [/ (Th4) * dz} ; (A.24)
0
taking prices as given. Substituting out (A.24) in (A.23), the FOCs for all ¢ are
i i y-i % i
THt: PH,t(xH,t> Yo = PH,t7
or
lef = (PIZ},t/PH,t)%yH,t- (A.25)

Combining (A.25) with (A.24) yields

1

Py = {/;(P}Lt)ledi] o : (A.26)

A.7.3 Intermediate goods

With intra-period loans, per period profits are

o L S L,
Pi iy — Prwnd — Riki + X, R: — XLyt = Pl i, — Powon — Rk — Xy(Re — 1) R:
Cost minimization. Minimize
d | .k Li
wingy + i ki + q (R — 1)E7
subject to
Yir, = kg (nfh)' =, (A.27)
and l
qtﬁt > Cwin, 4+ CFriky, (A.28)
t
taking factor prices, interest rates and the output price as given. The Lagrangian is
l; - _ l;
Fi = winfy +riki+q (R — 1)% +meilyp  — acks; (ng) ' =T+ M, (prtwtnzdt + Py — Qtét) ;
t t

where mc;; and AL, denote the Lagrangian multipliers associated with (A.27) and (A.28), respectively.
The FOCs are

ki \©
nd o w (14 ¢CUAL) = meiar (1 — a) (ndt) ) (A.29)
it
ks a—1
kie = (14 ¢FAL) = meara (g) , (A.30)
L
Li = Ri—1=2\,. (A.31)

The last condition shows that A}, = Al for all i and therefore (A.28) holds with equality if RL > 1.
Combining (A.29) with (A.31) yields

w ki \©
we[l + ¢ (R — 1)] = mega (L —a) (| — | - (A.32)

Nt



Combining (A.29)-(A.31) yields

a w1+ V(R —1)] 4

kip = a
Pl a Pl CR(R 1))

(A.33)

This shows that k;; /nft is the same for all ¢ which implies that mc;; = mc, for all i by (A.32).

Integrating (A.33) over i and using the market clearing conditions fol kydi = ky and fol nddi = nf

then gives
o w1+ (R —1)] 4

ky = , A.34
¢ 1—arf[1+¢H(R; — 1)) i ( )
and combining (A.32) with (A.34) yields
-1 w l—a / k k « 1 e 1\
mey = ay - (we[l+ ¢V (Re — 1)]) 7 (rf[1+ ¢"(Re — 1)]) T—a =)
Profit maximization. Maximize
/\t+9 t 7 P]Z-[ tZt,s -
FE P Zis — MC, —_
tz )\tPHS Hit4t,s t+s) PH,t+s YH t+s
subject to
i p]Z-[ Zt,s -
YH 145 = (P;HS ) YH t+s, (A.35)

Where Zt,s =1 fOI' s = O and Zt,s = Hlszl(’]TH’t+l,1)L(7th+l)lib = (PHJH,Sf1/PH7t71)[’(jf)t+5/]5t)17L fOI'
s = 17 2, .o, 00, taklng >\t+sa Pt+57 PH,t-i—sa MC’H_S and YH,t+s aS given. The FOC is
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This shows that Pﬁ’t = Py for all i. Multiplying through by Py, and using (A.35) yields

NrsPr )
0=FE Z ¢8)° t+ “Yirirs (1= ) PuiZe o+ eMCrys] . (A.36)
+

Rearranging (A.36) using mcirs = MCyys/Piys gives

(o]

/\ 9P —€ €

ek} E (¢8)* )\Sgt tPH tZt sPH tPt+smCt+sPH t+sYH t+s
s=0

pl—erzl—e p—1 pe
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Defining pp ¢ = PH¢ /Pt and py ¢ = Py /Py, this expression can be re-written recursively as follows:

€B I} = (e — 1)ETZ,



where

o0
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s=0 s
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Further, let ©(¢) denote the set of firms that cannot optimally set their price in ¢. By (A.26), Py,

evolves as follows:

A=0)Py+ [ [Pl '] ai

o(t)

1
Py = /0 (Pi,)' ~“di
= (1=@) Py + ol(mae) (7)) Prya]'
or, dividing both sides by P}{f:
L= (1= @)igy + ol(mme—1) () " mgy) 7

The third equality above follows from the fact that the distribution of prices among firms not reopti-

mizing in ¢ corresponds to the distribution of effective prices in ¢t — 1, though with total mass reduced

to ¢.

A.8 Market clearing

A.8.1 Law of one price

The small open economy assumptions implies Pr, = P/. The law of one price (LOP) for foreign

goods then implies
Pr; = XtP}y;,t = XtPt*- (A.37)
Combining (A.37) with (A.22) yields

1

1-— 19qt1_’Y =
— _— . A
DH ¢t ( =0 (A.38)



Using (A.38) for ¢t > 1 and ¢t — 1 > 0, the CPI inflation rate can be expressed in terms of producer

1
1— 19qt177 e
T =THt | ——————=
' \1—vg ) ’

price inflation as follows:

where
PHt
THt = t
PHt—1
Further, the LOP for domestic goods implies
PH,t - XtP;I,t' (A39)

A.8.2 Goods market

In the market for final goods, the clearing condition is
Y = Ct + U (A.40)
For home composite and intermediate goods we have, respectively,
YHt = THt + Thy + Gt (A.41)

and

yj‘[,t = xﬁq}t, for all j. (A.42)

Substituting (A.9) and (A.20) into (A.41) and using (A.39) and (A.40) then gives

_ry*
v = (1= 9) (prry) " (e +y) + 0" (pH> v+ g

qt

A.8.3 Factor market

In the market for labor, the clearing condition is
1
ng = / nidl = anwyt, (A.43)
0

1 , . . . .
where n¢ = In nddi and A, ; is a wage dispersion term that satisfies

1 wi —€w
Ay = / <t> dl
)t 0 Wt

a-soi+ [ (N2 merwr]

e e 1o Wi\ ™
(1= puyar e + G mli e [ (FE)
ow(t) t—1

(1 - qsw)wt_ew + d)w[(Wt—l)L(ﬁ't)libﬂ';}t]iéwAw,t—L

In the market for capital, the clearing condition is

1
/ kirdi = ky. (A.44)
0

10



A.8.4 Loan market

In the market for loans, the clearing condition is
1
(Ry — 1) /Rt/ Ligdi = l;_ym ™t — 14/ Ry (A.45)
0

A.8.5 Aggregate supply

Integrating (A.27) over i using (A.41) and the fact that k;;/né = k;/ng yields

1 1
/ y}I,tdi = at(kt/ntd)o‘/ nddi = a;k®(nd)' =, (A.46)
0 0

Integrating (A.21) over ¢ further yields

o VPR
Y edi =Ymt P di =y + Ay, (A.47)
0 0 H,t

where A; is a price dispersion term that satisfies

1/ pi €
A= / L) di
K 0 <PH,t

(1 )i, + /O )

= (1- ¢)p1—{ft + [(WH,t_l)L(%t)lﬂﬁ;[,lt]*e[ ) < - ) di

= (1= @)y + Ol(mae—1) () ' m ] A

Combining (A.46) and (A.47) yields

yH7tAt = atkf(nf)l_a.

A.8.6 Aggregate payouts

Aggregate payouts are given by

1
Xy = Pw—Puixpys— Prixrs + Pryns — / Py di
0

Final goods firms

Home composite goods firms

1

o L; .

+/ {P}Ltiyﬁt — Wind, — R¥kiy — Xy(Ry — 1) Rt} di
0

t

Intermediate goods firms

1 1
+ Wind — / Winldi + / Winldl — Win,
0 0

Labor packers Intermediate labor unions
Vi M, Ly
+ X T = XiVir + Xo— — XeMy 1 + X — XL,
R, Ty Ry Ry

Financial intermediary

11



or, using (A.41) and (A.42) and (A.43)-(A.45),
Vi M
— XV Xi— — XeM; 4.
RoiTs Vi1 + Xy R, M1

¢ = Puys + P (%3, + 9¢) — Prazrg — W/ln; — RFk; + X,

A.8.7 Foreign asset position
Substituting out ¥; in (A.5) holding with equality and using (A.40) and (A.1) yields
Vi B
- X NI Puxi s — Prixpy — Xy (Vi1 + Bri—1) - (A.48)
R,:Y: Rpq ’
From (A.22) and (A.39), real exports are
Pﬁt>_’y* <th)'y*
oy, =9 [ L o gr (DI * A.49
H,t ( Pt* yt o yt ( )
(A.50)

while from (A.9), (A.37) and (A.40), real imports are
P - _ )
<Ft> ye = Vq; " (et +1d).

Z'F7t:’t9 P
t

*

Substituting out (A.49) and (A.50) in (A.48), using again (A.37) and dividing through by P; gives
Vi1 +bri—1
T '

br * 1oyt ox 1— )
tx >=Q?pH,?19y2‘—?9qt Ter+i) —a
F.t

%7

i (Rv,tTt

B Non-linear equilibrium
The rational expectations equilibrium of the model is the set of sequences
’Uv}ta Aw,t, Tw,ty Wty YH t, TNCt, FL F?7

1 2
Lot Tt

. E .k d  w
{Ae coyin, ke, X1y ne, g w,ts
~ ~ o0
pH,t,pH,taAtvﬂ'H,tﬂrt,QtaRH,tyRF,thtaRv,ty\I'tv(staTt;dtabH,t;bF,tavt}t:m

such that for given initial values and exogenous sequences
o * * * | 00
{Zt7 Sw,ty Aty Gt ft7 Mt wh ERtYETty Tty Yp s Tt Rt }t:Oa

the following conditions and the transversality conditions are satisfied:

pe = Fy (by) + Fg(di) — Fp g (be,dy),

with probability p;,

-
dy =bu — bH,tflﬂ';l + ¢ (bpt — bpr—am) ),

6 N w

1o with probability 1 — p,,
~ ~ Kr Kd Ky1l—Fkr
) S) G e

T

thF,t/RF,t = fth,t/RH,ta

birt/Rut + qibre/Res + Tt = prage + b 17 -+ qbp1my ',

12



Aews = 1y’ 2G4y
Aeqt = ReBENes1qr1m, 1),
At = Ry BE[(1 — Seq1) A1 4 ],
MNAF = BENarfy + M1d iy (1 — @),
Ae = M el = S(iefir—1) = 8" (e /ir—1)ir /is—1] + BENega A1 pt15 (iegr /32) (i1 /)],
kirr = pe[l — S(ie/iz—1)]ie + (1 — @) ke,
R} = Rp+Ey(1 — 0141),
Ry = Ry + Y4,
Ty = explp (ve — V) /ym + (¥ — ¥) /Y],
Ry /Ry = v (Rre/R7)™

ewF%U)t = (€ — 1)F2

w,tr
! ew,d ) w At [(m)' (o) ™) (e T
Fw,t =, “ny/py + ¢wBE; \ g - Fw,t+1 )
t T4 1Ty 41 We+1
) ey d )‘t-&-l [(ﬂ.t)bw (%t_i_l)l—bw]lfew Wy 1—€y )
Fw,t = Wy Ty + ¢’WBET‘/ —ew < Fu;,t+1 )
At Tt4+1T t41 Wi+1

(ﬂ.til)Lw (ﬁt)l_“" ) 1—€y
b

Tw,t

1= (1— ¢u)i ™ + ¢u (
ny = nf:lAw,t,
App = (1= )y, ™ + dul(me—1) (Fe) ] A1,

Tw,t = (wt/wt—l)ﬂ'ta

kt - « U)t[l—f—cw(Rt— 1)]

nf T T—a [+ OB — 1))

11—«

mer = a; (L + € (R~ D' L+ MR- 1) (12 ) (1)

eI} = (e — 1)T7,

e At+1 [(7TH,t)L(7VTt+1)17L]7E DHt -
Ftl = prtpH,lthtyH,t + ¢BE: \ ¢ — F%—&-l ,
t T4 1T g ¢ 41 PHt+1

)\ Lx 1—¢]1—€ ~ 1—e
r? Zﬁ}{’fyH,t-ﬁ-(bﬁEt{ i1 ()t (1) Y ( PHt ) 2 7

s ~ t+1
At Tt+1T g 41 PHt+1

1= (1= @)pys + ol(mae—r) (F) " mg ]~
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(B.13)
(B.14)
(B.15)
(B.16)
(B.17)
(B.18)

(B.19)

(B.20)

(B.21)

(B.22)

(B.23)
(B.24)

(B.25)

(B.26)

(B.27)

(B.28)

(B.29)

(B.30)

(B.31)



THt = (pH,t/pH,tfl)ﬂ't; (B-32)

_1
1—9q 7\
= —_— B.3
PH,t ( =0 ) (B.33)
yas = (1— 19)]31;1 (et + i) +0° (PH,t/Qt)iw* yi + gt (B.34)
YA = aky (nf)' =, (B.35)
Ay = (1= )by + dl(ma 1) (7o) ™ mg) = Ao, (B.36)
vy br P B 1y . vi—1+bpi1
_ = U -9 —— B.37
%<m¢n+3m> W Pa VY =0 ek i) — g (B-37)

In addition, real exports and imports are, respectively,
o =" (Pre/a)™" Yl

and

IF,t = 'l9q;’y (Ct +Zf) .

The exogenous processes are
log (z¢/Z) = pylog (x4—1/T) + &7, pz €10,1), T >0,

for x = {z,5u,a,9, f, 1,0, 7, 7, R*, y*}, where the ¢7 are n.i.d. innovations.

C Steady state

We show how to solve for the steady state taking as given Ry, 0, m, ¢, n, me, pu*, Spy; = bu/ym,
Spp = bu/yr, and s; = g/yy. The parameters 8, 7, €, €y, Sy, 7, V*y* and g are determined
endogenously while the values of the remaining parameters are taken as given.

We then obtain from the exogenous processes for R}, a, pt, 2¢ and vy
R* =R a=a, p=p, 2=z, 1 =1. (C.1)

From (B.7) and the exogenous process for 7:

T=7=m. (C.2)

From (B.17):
T=1 (C.3)

From (B.11) and using (B.2):

B=mx/[Ra(1-0)]. (C4)

From (B.13):
No=1/p. (C.5)

From (B.12):
"=\ -1+ w). (C.6)

14



From (B.15):
Rr =R"/(1-9).

From (B.18):
R, = v Ry (R*) "2,

From (B.16):
R=R,T.

From (B.10) and the exogenous process for 7}:

From (B.32):

From (B.33):

(1 —9¢' =
PE=\"129 '

From (B.31) and using (C.11):
pa = 1.

From (B.28)-(B.30) and using (C.2), (C.11) and (C.13):

. pH/me
pr/mc—1"

From (B.36) and using (C.2), (C.11) and (C.13):

A=1.
From (B.27):
a® (1—a)' " ame
w =
(r*[1+ ¢F(R = 1))
From (B.25):
T =T
From (B.22) and using (C.2) and (C.17):
w = 1.

From (B.19)-(B.21) and using (C.2), (C.17) and (C.18):

_ M
€w =
p —1
From (B.24) and using (C.2), (C.17) and (C.18):
Ay =1
From (B.23):
nd=n/A,

15

) h 1+ ¢“(R—-1)7"

(C.10)

(C.11)

(C.12)

(C.13)

(C.14)

(C.15)

(C.16)

(C.17)

(C.18)

(C.19)

(C.20)

(C.21)



From (B.20)-(B.21) and using (C.2), (C.17) and (C.18):

Ly = (7/u")/(1=¢uB), (C.22)
L = n/(1-¢up). (C.23)

From (B.26):

awn?

b= Tl R = DL (- 1) (C.21)

From (B.14):
i = wk/p. (C.25)

From (B.35):
yr = ak®(n?)'=/A. (C.26)

From (B.29)-(B.30) and using (C.2), (C.11) and (C.13):

' = py'meyn/(1—¢pB), (C.27)
I? = yu/(1-¢p). (C.28)

From s, = g/yn and the exogenous process for g;:

9=9=SgYyn- (C.29)
From sy, = by /ym :
ba = SbyYH- (C.30)
From sy, = bp/yp :
br = Sp,YF. (C.31)
From (B.5):
gbp Ry
= C.32
I= Robm (C.32)
From (B.4):
d=by(1—7"Y +qbp(1 —7*71). (C.33)
From (B.6):
F=pug+bum ' +qbpm* " —bu/Ry — qbr/Rp. (C.34)
From (B.34) and (B.37) and using (C.12):
c=pu(yg —9) —qv [7*7" = (R,Y) 7! — gbp ("' — Rz") — 4, (C.35)

where ¥ = v. From (B.34):

9yt = yH—(l—ﬂ)p_jy(*chi)—g. (C.36)
(pr/q)
From (B.8):
A=z(c—he)™°. (C.37)
From (B.9):
Sw = Aw/(p"zn"). (C.38)
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In addition, we have
vy = (pu /)" Y,

xp =9¢ "7 (c+1).

D Log-linearization

This section contains the linearized version of the equilibrium conditions (B.2)-(B.30). The log de-
viation and absolute deviation of a variable x; from its steady state x are denoted by z; and Iy,
respectively. For the steady state, we assume that the real exchange rate satisfies ¢ = 1 and we set

v =0.
From (B.2) and using ®;, = (f,; (b) — W) b/ (1—19), Pg= (fg (d) — ({)F%dgb’d)) d/(1-19):

5. . .
b= w (<I>bbt + d)ddt) . (D.1)
From (B.3):
7/~'; = /ﬁl.,-:lgt_l + (1 - KZ.,-) (I‘Ed(it + K}ngﬂg) + Ert- (DQ)
From (B.4):
s, 3 b > . . Fo.o .
ddy =bgba, — 7(bH,t71 — 7)) +br (@ + bry) — ;(Qt +bpi—1 — 7). (D.3)
From (B.5):
qe + BF,t - RF,t = ft + EH,t - I%H,t- (D.4)
From (B.3) and (B.6):
by (- - b . s - o~
Fi (bH,t - RH,t) + RfP; ((Jt +bps — RF,t) + 7Ty
. 9 b /- . bp . - .
=9 <9t 1 ﬁQt) + 7H (bH,t—l - ﬂ't) + ;{:(Qt +bpi—1 — 7). (D.5)
From (B.7):
i . ° .2 N 0 4
RH,t = OéRRH,t—l + (1 — O(R)[?Tt + Olﬂ(ﬂ't — 7Tt) =+ ayyH,t =+ Oé5mEt(5t+1] + ERJ. (D6)
From (B.8):
~ “ g . N
)\t = Zt — 1-n (Ct — thfl) . (D?)
From (B.9):
A by = BF + 2 4 Cut + 1. (D.8)
From (B.10):
A+ = Ry + EyAg1 + Gear — 7744 (D.9)
From (B.11):
. . A 5.
A =R+ Ey [ M1 — Tep1 — 1= 65t+1 . (D.10)
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From (B.12):

Tk

M+ Af = BE; V(ffﬂ+5\t+1)+(1—w)()\f+1+5\t+1) :

From (B.13) and using S (1) = 5’ (1) = 0:
S (i — ir—1) = A + fue + BS" (Erfig1] — iv)-
From (B.14) and using (C.25):

];Jt+1 = (1 - W)];t + W(ﬂt + it)

From (B.15):
L 5 R
R = Rpy — mEt[&erﬂ-
From (B.16):
Rt = Rv,t + Yt-
From (B.17):
Yo = @i /yn + .
From (B.18):
Ry — R} = vs(Rpy — R})
From (B.19):
F11u,t - F12u,t

From (B.20) and using (C.2), (C.17), (C.18) and (C.27):
Dy = (L= 0uB)(if - cutde — i)

+¢wﬁEt

From (B.21) and using (C.2), (C.17), (C.18) and (C.28):
Doy = (L= ouB)if + (1= ew)id]

+¢wBEt

From (B.22) and using (C.2), (C.17) and (C.18):

’L/Z\}t = w [Lwﬁ't,1 =+ (1 — Lw)%t — ﬁ-w,t]~

(st*l

From (B.23):

fe =g + Ay .

From (B.24) and using (C.2), (C.17), (C.18) and (C.20):

18

/\t+1 — At — €wlyTi — €w (1 - Lw) 7th+1 - 7ATt+1

A = -~ al
+ (1 + €w) Tw,t41 — €W + €wWir1 + Ty g

] |

5\t+1 — A+ (1 = €w)twe + (1 =€) (1 — to)Tiq1 — Teq1

FewTw+1 + (1 — ew){f}t -(1- ew){fjt-i-l + f12117t+1

Aw,t = (¢w - 1)€u,@t - ¢w€w [Lwﬁ't—l + (1 - Lw)ﬁ't - 7c"w,t] + d)wAw,t—l-

(D.11)

(D.12)

(D.13)

(D.14)

(D.15)

(D.16)

(D.17)

(D.18)

(D.19)

(D.20)

(D.21)

(D.22)

(D.23)



From (B.25):
Tw,t = Wg — Wy—1 + Ty

From (B.26):

2 d K ¢v ¢k ~
kt—nt =W — Ty +<1+C“’(R—1) - 1—|—Ck(R—1))RRt

From (B.27):

_ . “R - " *R 5 .
= =) (i + gy ) +a (4 i) o

From (B.28):
f1_pe

From (B.29) and using (C.2), (C.11), (C.13) and (C.27):

I} = (1-¢B)mes+ Ut — PHt — €5H,t)
5\ 1 — 5\t - €L7ATH7t - 6(1 — L)%t+1
+oBE, | T P o
—fep1 + (L + )T m i1 — Dpy + Py + i

From (B.30) and using (C.2), (C.11), (C.13) and (C.28):

f? = (1-¢8)gus+ (1 - 6)5H,t]
Mt — Ao+ (1= edge + (1 — €)(1 — 0)Frp1 ] |

+oBLE; . . ~ ~ -
—Ttep1 + etmr1 + (L — )P, — (L= €pge1 + 17

From (B.31) and using (C.13):

¢

Pri= o (1 + (1= )7 — 7).

From (B.32):
Tt = PH,t — DHt—1 + Tt
From (B.33) and using (C.12):
. VA
PHt = m%-

From (B.34) and using (C.12):

yaia: =Y Y G + (1= 9) (b + i) — [y (1 = 9) (¢ +19) + v 0" y* ] Dre + 9"y 95 + 9ge-

From (B.35) and using (C.26) and (C.15):
JH,e + Ay =y + ak, + (1- a)ﬁf.
From (B.36) and using (C.2), (C.11), (C.13) and (C.15):

A, = (¢ — 1)651{’,: — pevimi—1 + (1 — L)%t — TH] + DAy

19

(D.24)

(D.25)

(D.26)

(D.27)

(D.28)

(D.29)

(D.30)

(D.31)

(D.32)

(D.33)

(D.34)

(D.35)



From (B.37) and using (C.12):

v Dy L o N N
RtT — ;_*1 = ﬁ(CCt"’_th) -4 Yy [Qt+yt +(]. - )pH,t} =+ (1 —fy)ﬁ(c+z)qt
brp . - . bp - »
,Ri(Qt + bF,t — RF,t) + %(Qt + bF,t—l — T ) (D36)
F s

In addition, we have

Tore =7"(Ge — Pre) + 97

Tpe =0q " [=y(c+ )G + cé + iiy].

E Linear equilibrium
The system (D.1)-(D.29) can be written in a more compact form as follows. From (D.7)-(D.8) and
(D.22) we have the households’ FOC for consumption and labor supply:

N R o R .
)\t =2t — m(ct — th_l), (El)

niy = Wy — 1 — Sy - (E.2)

Here, we defined ¢/, , = @%fw,t, where O is given below. From (D.11)-(D.13), we have the FOCs and

the law of motion for physical capital and investment:

k

~ ~ r . ~ ~
A=\ 4 BE, V(rfﬂ + A1) + (1= w) Ay + Mg | (E.3)
S (i — 1) = N+ fip 4+ BS" (Eyliegr] — ie), (E.4)

ki = (1= @)k + (e + ir). (E.5)

Combining (B.19)-(B.22) and using (B.22) we obtain the Phillips curve for wage inflation:
s = (1= 1)1 = b1 = B(Eulfwia] — (1= t)pae — tuft) — O14Y,
or, using (B.25):
W —We1 + 7ty — (1= 10) 7t — twte—1 = BB [es1 +ftrar] — b — (1 — ) paite — Lwfre) — O1/1, (E.6)

with ©, = (1—%;45/3) From (D.22), (D.25), (D.26) and (D.34) we have equations for the firms’

w

production function, capital-labor ratio and marginal costs:

QH,t = &t + Ol];t —+ (1 — O[)(’ﬁt — Aw,t) — At, (E?)
]Aft - th == QZ)t - ff + (@2 - @3)Rt - Au},ta (ES)
mey = (1— a) (i + O2Ry) + a(ff + O3Ry) — ay, (E.9)
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with @5 = % and O3 = %. Combining (D.27)-(D.30) and using (D.32) we obtain the

Phillips curve for producer price inflation:

. - L v < . - B —pz)o
_%=0 L (e — R+ (B S P .
Tt — Tt 4<1_19Qt+mct)+1+bﬂ(ﬂ'H,t 1 7Tt)+1+Lﬂ( T H 1) — PrTE) 1+ .8 Tt
(E.10)
with ©4 = % From (D.31) and (D.32) we obtain the equation for CPI inflation:
. . ¢
Tt :7TH,t+m(Qt _Qt71)~ (E'll)

Using (B.22) in (D.23) and (D.30) in (D.35) shows that the wage and price dispersion terms
satisfy:
Aw,t = (bwAw,t—l; (E'12)

At == ¢At71. (Elg)

From (D.1), (D.9), (D.10) and (B.15)-(B.18) we have the remaining capital market equations:

At = RH,t + Ehiy1 — o1 —w ((I)bgt—i-l + ‘I)ddt-i-l)]a (E.14)
M= R+ Eifhyr — o1+ dev1] — G, (E.15)

Rt = 'UQRF’t + (1 — ’UQ)R: + Yt, (E16)

Yo = o0 /ym + 1, (E.17)

RF,t = R} + wE[®ybyy1 + Padit]. (E.18)

From (D.1)-(D.6) we have the equations describing fiscal and monetary policy:

A ~ b ~ N ~ > b A 7 ~ %
ddy = bbby, — ?H(bH,t—l — ) +br(Ge + bre) — ?I:(Qt +bpi_1 — 7)), (E.19)
Gi +bpi — Rpy = fi +bus — Ruy, (E.20)
b (5 - br (. - =
H — R ) r ( bri— R )
R ( H.t Ht) + Rr qt + Op Ft)+TT
R 9 bg /- R br . - .
=g <gt - 1_19%:) + 7H (bH,tfl - Wt) + ;I:(Qt +bpi1 — 7)), (E.21)
7/~'; = /<L.,-:I'~\t_1 +(1—kr) (HddAt + ”ng,t) +ert, (E.22)

A 5 ° .2 N g :
Ry —agRui—1=(1—ag) (Wt + o (7 — ) + yYm s + aémEt [5t+1]> + ERt- (E.23)

Using (D.32) in (D.33) and (D.36) we obtain the goods market clearing condition and current
account equation:

*

v

yHgH,t = |:’7'l9 (C + ’L) + 1 ﬂﬂ*y*} (jt + (1 — ’19) (Cét + ’Lit) + ﬁ*y*zjz‘ + ggt, (E24)
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v Vi— ~ N A *, % * v ~ ~
S = ol i+ a0y (14 0= 50 )k
br . - N brp . - .
~ (@ by = Rig) + 2 (@ + bpaer — 7). (E.25)
F s

The exogenous processes are:

2y = pzi—1 ez, (E.26)
Siot = PuSi—1 T Ewl b (E.27)
ay = palt—1 + €ayt; (E.28)
Jt = PgGt—1 + €gt (E.29)
ft = ,Offtﬂ + et (E.30)
fie = pufle—1 + Eput, (E.31)
Tﬁt = Pz/ﬂ,@t—l + €yt (E.32)
Fe = pafte_1 + €.t (E.33)
U = pyUi—1 + eyt (E.34)
T = preeTy_y + Env ity (E.35)
Ry = preRy_) + g1, (E.36)

with €, ¢+ = e%ewﬂg. Then, the rational expectations equilibrium of the linearized model is a set of

sequences

oA D Ak Rk oA A R aw A N e A A A AA =
{Ctvltukta/rt 7>\t7nt7wt7)\tvﬂt 7A’w¢tayH,tamctvqta7TH,t77rt1AhRH,t77—t7

7 5 3 5 F 3 7 Aoa Al A A A T T Ak Ak KOO
Rpt, R, Ve, di, fr, 08,6, bF 8, Oty 26, Sy 1 Gty Gty fles Yty T, Ut > 711 RE 2o

satisfying (E.1)-(E.36) and the transversality conditions, for given initial asset endowments and initial
price levels Py 1 and Pp,_1, and given n.i.d. innovations {e, ¢, €w t,€a,t, €g,t1 € f.t5 Eputy Exp, b Ex 65 ERE Exits
Ey* 1, En 1y ER* 1 }ioo- Finally, we add the definitions of exports, {%7;,}72y, and imports, {Zr;}72,
which satisfy

*
ok

_ 0 ok
THt = 1_19(]15"'%7

Tpy =0 [cé + 1l —y(c+1) G-

F Details on the estimation

F.1 Methodology

Formally, let P(0y;,|M;) denote the prior distribution of the vector of structural parameters 6,
for model M;, and let L(YT |0y, M;) denote the likelihood function for the observed data Y7 =
[Y1,...,Y7]. Fort =1,...,T the solution to the log-linearized model has a state-space representation
with the state equation z; = Fx;_1 + Ge; and the observation equation Y; = Hx; + u;, where
the vectors x4, e ~ N(0,%.) and u; ~ N(0,%,) collect model variables, structural shocks and

measurement errors, respectively. The Kalman filter is applied to evaluate L(Y 7|0y, M;) and the
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posterior distribution

~ L(YT|0n,, My) P(Oar, | M;)
[ LOYT|Onr,, M) P(Oar, | M;)dby,

POu, YT, M) o L(YT|0ns,, My) P (O, | M)

is evaluated with the Metropolis-Hastings (MH) algorithm. We then assess the evidence of model M;
over another (not necessarily nested) model M; by the Bayes factor p(Y7|M;)/ p(YT|M;), which
summarizes the sample evidence in favor of model M;, the marginal data density p(YT|M;) =
JL(YT |0, M;)P(Oar,|M;)d0ps, indicating the likelihood of model M; conditional on the observed
data. Further, for t = 1,...,T the shocks &, are recovered by application of the Kalman smoother

at the parameter estimates. This step also yields smoothed estimates xy 7 of the unobserved states.

F.2 Data

All data are seasonally adjusted and consumer price indexes are used to construct real variables with
base year 1998, except for domestic output where the GDP deflator is used.
The domestic variable definitions and their sources are as follows:

e GDP: Real gross domestic product, Central Bank of the Republic of Turkey.

e CONS: Real private consumption expenditure, Central Bank of the Republic of Turkey.
e INV: Real gross fixed capital formation, Turkish Statistical Institute.

e WR: Real wages, Turkish Statistical Institute.

e INF: Annualized rate of change of the quarterly CPI, Turkish Statistical Institute.

e INT: Annual nominal interest rate for 3-month treasury bills, constructed from data obtained
from the Central Bank of the Republic of Turkey; if 3-month bills were not issued in some

quarter, we use the closest maturity available.
e REER: Real CPI-based effective exchange rate, OECD main economic indicators.
e GOV: Real government consumption expenditure, Central Bank of the Republic of Turkey.
e F: Share of foreign currency to domestic currency debt, Central Bank of the Republic of Turkey.
e SD: Nominal deficit-to-GDP ratio, Central Bank of the Republic of Turkey.

Foreign output GDP* and inflation INF* are constructed from euro area real GDP and annual
inflation rates according to the Harmonized Index of Consumer Prices obtained from the Area-Wide
Model database Fagan, Henry, and Mestre (2005), and real U.S. GDP and the CPI-based U.S. inflation
rate (all urban sample, all items) obtained from the U.S. Bureau of Economic Analysis. Aggregate
foreign GDP and foreign inflation are computed according to the trade weights in the basket targeted
by the Turkish central bank during the exchange rate targeting period (see Gérmez and Yilmaz, 2007).
That is, the euro area obtains a weight of 0.77 and the U.S. obtains a weight of 1. The foreign interest
rate INT™ is approximated through the annual yield on the J.P. Morgan Emerging Markets Bond
Index Global Composite. Since this series starts only in 1998Q1 it is backdated using growth rates of
the J.P. Morgan Emerging Markets Bond Index Global Performing Sovereign Spread.

F.3 Calibrated parameters and steady state values

Table F.1 lists the calibrated parameters and their values as well as the implied steady state values

of the endogenous variables.
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Table F.1: Calibrated and implied parameters and steady state values.

Calibrated parameters and st. st. values Implied parameters and st. st. values
o, 0.013 I6; 0.995
T 1.022 R, 1.021
Ry 1.040 R 1.021
R* 1.018 * 1.013
V1 1 T 1.022
q 1 Rp 1.030
v 0 mc 0.9
€ 10 DH 1
€w 21 rk 0.017
a,z, i, T 1 w 2.246

7 0.975 YH 1.124
Q@ 0.32 k 18.613
n 0.3 i 0.233
Sq 0.108 c 0.762
Sby 0.27*4 f 0.67
Sbp 0.15*%4 T 0.154
9 0.25 vry* 0.257
v 1 b 1.85
¢k 0 d 0.035
o, 2

Notes. Implied parameters and steady state values are computed at the posterior mean of
the estimated parameters for the model with sovereign risk.

G Sensitivity analysis

In this section we assess the robustness of our main results to model specification and alternative
estimation choices. In particular, we first estimate alternative versions of the baseline model on the

full sample and then estimate the baseline model on subsamples.

G.1 Alternative model versions

This section describes the alterations of the baseline model with sovereign risk considered in the
sensitivity analysis and the implied changes to the model’s equations. First, we add an exchange rate
stabilization term in the monetary authority’s reaction function to capture the fact that before 2001
the CBRT’s official monetary policy strategy included nominal exchange rate targeting (see Gormez
and Yimaz, 2007). Second, we investigate whether monetary policy takes into account the fiscal
position by allowing for a response to the debt level. Third, we assume that, in addition to the wage
bill, firms need to finance capital expenditures in advance using loans from financial intermediaries.
Fourth, to assess how much the estimated degree of price stickiness depends on the choice of shocks,
we include a price markup shock. Fifth, we use preferences that allow for a variable wealth effect on
labor supply and estimate the strength of the wealth effect. These preferences are proposed by Gali,
Smets, and Wouters (2012) as a way to match the joint behavior of labor market variables and other

macroeconomic variables over the business cycle. They are in turn based on the preferences proposed
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by Jaimovich and Rebelo (2009). Finally, we calibrate the strength of pass-through from sovereign
to private credit conditions to vy = 0.55, following Harjes (2011) and Corsetti, Kuester, Meier, and
Miiller (2013, 2014), instead of estimating it. In detail, we consider the following alternative versions

of the model, one at a time:

1. We include an exchange rate stabilization term in the monetary authority’s reaction function
by setting ax # 0. Thus (E.23) is replaced by

Ry, = agpRyi—1

= .o N J & . AP
+ (I1—-ag) (ﬂ't + o (7t — ) + oy + Qs 1= 5Et[5t+1] +oaax (G — G- — 7 + Wt)) +ERt-
2. We allow for a response to the level of total debt, ay, # 0, in the monetary authority’s reaction

function, changing (E.23) to

3 A ° .o N 4 : 2

Ryt =oapRpi—1+ (1 —agr) (Wt + o (7t — ) + 0y Uy + aémEt[(stJrl] - Oébbt> + ERt-

3. We assume that, in addition to the wage bill, firms need to finance capital expenditures in
advance using loans from the financial intermediaries. This implies that ¢* = 1 in (E.8) and

(E.9), instead of setting (¥ = 0.

4. We include a price mark-up shock. After normalizing the variance of the shock the Phillips

curve for producer price inflation (E.10) becomes

. ~ L . >
Te— T = Oy <1 19 t+m0t) W(TFH,t—lfﬂ't)
5 ( c) B (1 —pz)o

B THt+1] — PTt 1+65 Ty + fif -

5. We use the following alternative preference specification:

> 1 5 _ 1 4y
EO Zﬂt'zt |: (Ct - hctfl)l 7 — @tgw,t Ny 77:| ) ﬁ € (07 1)7 o> 03 n 2 0.
Pt 1—0 147

These preferences allow for a variable wealth effect on labor supply through the endogenous
preference shifter ©; = x;(¢& — hér_1)~7 with x; = xi_+ (¢ — héi—1)7" and v € [0, 1], which
is taken as given by each individual household. The latter is proposed by Gali, Smets, and
Wouters (2012) as a way to match the joint behavior of labor market variables and other
macroeconomic variables over the business cycle. Its main role in our model is to allow for an
arbitrarily low wealth effect on labor supply, in line with a tradition of related studies for small
open economies that rely on the latter to explain, among other things, the impact of foreign
shocks and in particular contractionary effects of shocks to foreign interest rates (Mendoza,
1991; Neumeyer and Perri, 2005; Garcia-Cicco, Pancrazi, and Uribe, 2010). It nests as extreme
cases preferences with constant relative risk aversion (CRRA) for v = 1 and the preferences
with a zero wealth effect proposed by Greenwood, Hercowitz, and Huffman (1988) for v = 0.
This preference specification is related, but not identical, to the one proposed by Jaimovich and
Rebelo (2009) and modified to allow for internal habits by Schmitt-Grohhé and Uribe (2012).
The difference is that it assumes external habits as in Smets and Wouters (2007) and related

monetary DSGE models and one of the extreme cases is CRRA and not the (less conventional)
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preferences from King, Plosser, and Rebelo (1988). We estimate the strength of the wealth

effect v in the alternative preference specification, instead of calibrating it to v = 0.

6. We calibrate the strength of pass-through from sovereign to private credit conditions in (E.15)

to ve = 0.55, instead of estimating it.

The results are documented in Table G.1. All in all, the parameter estimates are relatively stable

across models but the marginal likelihoods tend to be lower than for the baseline model.

G.2 Subsample estimates

We also estimate the baseline model on subsamples. This is motivated by the economic reforms in
Turkey implemented after the 2000/01 financial crisis. These reforms initiated a pronounced disinfla-
tionary period along which also the level and the volatility of nominal interest rates and the expected
default rate declined considerably. The following analysis is therefore useful to assess the interactions
of monetary and fiscal policy in such a context. We follow the approach of Canova (2009) and divide
the data into two subsamples consisting of 1994Q3-2002Q4 and 2005Q1-2013Q3 and use the estimated
posterior distributions from the first to form priors for the second subsample. We drop two years of
observations in-between to ensure that the data are independent.! Since all posteriors from the first
subsample are close to normal distributions we use (mostly) normal distributions with the estimated
means and standard deviations implied by the posteriors as priors for the second subsample.

The results are provided in Table G.1. Generally, the posterior means of the parameters are
relatively stable across subsamples. For most parameters the 95% credible sets overlap. For several
parameters, there are interesting shifts in the estimated means. The default elasticity ®, declines from
0.12 to 0.04 and the haircut w from 0.59 to 0.50. This coincides with a marked reduction in policy
volatility. The standard deviation of innovations to the policy rate and to the inflation objective, og
and oz, decline from 0.07 to 0.02 and from 0.03 to 0.01, respectively. There is also some evidence
of stronger interest rate smoothing by the central bank, as ar increases from 0.24 to 0.33, while the
reaction coefficient of monetary policy to inflation remains similar across subsamples. Together, these
parameter shifts indicate that the monetary policy reforms introduced after 2001 have contributed
to reducing sovereign risk premia and thereby stabilizing the economy by reducing monetary policy
volatility. Still, the estimates of the two key parameters determining the importance of sovereign
risk beliefs, the default elasticity ®,; and the expected loss in case of default w, are not statistically

different for the two subsamples.

H Additional results

This section provides several additional results to complement the analysis from the main text. First,
Table H.1 documents the conditional posterior variance decomposition. Second, Table H.2 displays
selected moments of the observed data and the corresponding model-implied moments. Third, Table
H.3 documents one-step ahead root mean squared forecast errors. Fourth, Figures H.2 to H.4 show
the prior and posterior distributions for all parameters. Fifth, Figures H.5 plots the observed data
against the smoothed variables. Finally, Figures H.6 and H.7 show standard multivariate convergence

diagnostics based on two MH chains for each version of the model.

'Tn this way, the two subsamples are also of (nearly) identical length such that the parameters can be
estimated with similar precision.
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Table H.1: Conditional posterior variance decomposition.

With sov. risk (M1) No sov. risk (Mz)
Out- Cons. Inv. Infl. Int. Real RE- Def./ Def. Out- Cons. Inv. Infl. Int. Real RE- Def./
put rate wage ER GDP rate put rate wage ER GDP
Horizon h =1
Cons. pref. ¢, 128 458 04 00 00 04 01 00 00 193 861 22 06 02 71 14 0.0
Inv. eff. €, 20 0.0134 00 00 00 00 0.0 0.0 94 08905 04 01 0.0 02 00

Productivity eq4 25.6 29213 0.1 02 23152 02 02 0.1 0.0 0.0 0.0 0.0 22 01 0.0
Wage markup e, 9.5 1.1 82 00 0.1 76.7 53 0.1 0.1 0.3 0.0 0.0 0.0 0.0 671 03 0.0

Gov. cons. g4 6.3 0.0 0.0 0.0 0.0 00 00 0.1 01 5.7 0.0 0.0 0.0 0.0 00 01 01
Lump-sum tax e, 0.4 02 02 35 71 09 40 933 93.7 0.0 0.0 0.0 0.0 0.0 0.0 00 88.4
Int. rate e 16.8 4.7 27114 149 21 150 1.0 1.0 54.1 84 5.8 343 61.2 9.0 488 7.2
Infl. targ ex 206 103 9.1 365 9.7 02 64 06 0.7 3.5 05 01312 73 14 40 0.7

For. demand &= 07 01 01 02 02 01 03 00 0.0 04 01 01 04 03 02 05 0.0
For. inflation &, 00 00 00 01 01 00 0.1 0.0 0.0 0.0 00 00 00 00 0.0 01 0.0
For. int. rateep= 0.2 32 3.1 59 86 19 65 08 07 05 10 07 51 47 22 6.7 038
Int. rate parity e, 5.1 31.7 41.5 42.4 59.2 15.5 473 3.9 3.5 6.7 3.1 0.7 28.0 26.2 10.8 38.0 2.7

Horizon h =4

Cons. pref. e, 30 205 05 00 02 03 01 00 00 226 8.9 36 05 09 99 26 0.1
Inv. eff. €, 1.5 0.1 69 00 0.0 0.0 00 0.0 00 299 23921 03 01 01 03 00
Productivity 4 51.0 17.2 34.8 10.0 16.5 1.3 28.3 2.3 2.1 0.3 0.1 00 0.1 0.1 31 02 0.0
Wage markup €, 18.8 6.5 12.7 42 7.1 786 103 1.0 0.9 1.1 02 01 03 03 79.0 09 0.0

Gov. cons. g4 0.9 0.0 00 0.0 0.0 00 00 01 01 2.1 0.0 0.0 0.0 0.0 00 01 01
Lump-sum tax e, 0.1 03 03 16 36 05 22 89.1 90.0 0.0 0.0 0.0 0.0 0.0 0.0 00 88.3
Int. rate egp 4.3 34 12 57 88 06 34 1.0 1.0 34.0 7.3 3.4 225519 28279 638
Infl. targ ex 126 162 7.6 52.1 183 1.8 1.7 13 1.5 2.1 0.5 0.0 582244 04 28 1.3

For. demand &+ 0.3 01 01 01 01 01 04 0.0 0.0 0.4 0.1 01 03 03 03 14 0.0
For. inflation e, 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 01 0.0
For. int. rate ep= 0.3 30 22 31 57 16 59 09 08 0.5 1.0 05 28 38 1.1 126 0.8
Int. rate parity e, 7.4 32.6 33.8 23.2 39.6 15.2 47.8 4.3 3.6 7.1 1.8 0.1 15.0 182 3.4 51.2 26

Horizon h = 12

Cons. pref. e, 1.0 98 05 00 02 02 01 00 00 141 848 59 04 15 105 24 0.1
Inv. eff. ¢, 1.0 0.1 31 00 0.0 00 01 0.0 0.0 507 5.090.1 02 05 08 26 0.0
Productivity 4 62.5 32.2 44.0 10.5 206 1.2 298 3.7 3.1 0.3 0.1 00 0.1 0.1 35 02 0.0
Wage markup ¢, 19.2 10.4 131 3.8 7.7 642 93 13 1.2 1.8 06 02 03 04 780 13 0.0

Gov. cons. g4 0.3 0.0 00 0.0 0.0 00 00 01 01 1.2 0.0 00 0.0 0.0 00 01 01
Lump-sum tax e, 0.1 0.6 05 09 25 1.0 2.6 86.1 87.2 0.0 0.0 0.0 00 0.0 0.0 0.0 87.4
Int. rate er 1.6 1.8 05 27 50 05 15 10 1.0 21.1 6.4 1.9 10.6 29.8 24 213 6.7
Infl. targ ex 72 183 7.1 69.3 376 85 6.7 25 3.1 2.1 04 09 79.6 54.7 0.6 21 2.2

For. demand ey« 0.2 0.1 01 00 0.1 03 07 0.0 0.0 0.5 03 02 01 02 06 41 0.0
For. inflation e, 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 01 0.0
For. int. rate ep= 0.2 22 16 15 33 21 51 09 08 0.6 1.0 04 13 22 09176 0.8
Int. rate parity ¢, 6.8 24.5 29.6 11.3 23.0 22.1 44.0 4.3 3.5 7.6 1.5 04 73107 28 483 26

Horizon h = 40

Cons. pref. e, 09 68 04 00 02 02 00 00 00 128 789 58 03 09 102 20 0.1
Inv. eff. €, 1.0 04 25 00 00 00 04 0.0 0.0 517 105 871 02 04 29 265 0.0
Productivity e, 60.5 25.7 39.1 7.7 186 1.1 26.2 3.7 3.0 03 01 00 00 01 34 02 0.0
Wage markup &, 17.0 7.6 109 2.7 69 458 7.1 13 1.1 1.7 05 02 02 03 746 1.0 0.0

Gov. cons. g4 0.3 00 0.0 00 00 00 00 01 0.1 1.0 00 0.0 00 00 00 00 0.1
Lump-sum tax - 0.2 14 1.0 08 3.0 1.8 28 836 85.1 0.0 0.0 0.0 0.0 0.0 0.0 00 872
Int. rate ep 1.3 1.3 04 19 45 04 09 10 10 182 59 1.7 58 181 23 147 6.7
Infl. targ ex 10.6 37.6 16.7 77.6 43.2 30.6 26.3 5.2 5.4 6.0 0.5 3.5 887 724 10 27 25

For. demand ey« 0.3 03 02 00 01 07 11 0.0 0.0 1.0 1.0 06 01 01 18 7.5 0.0
For. inflation e« 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 01 0.0
For. int. rate ep« 0.3 16 1.3 1.1 30 16 3.0 09 038 0.5 1.0 03 07 13 08126 0.8
Int. rate parity e, 7.7 17.3 274 8.1 20.6 17.9 32.1 4.3 3.5 6.8 1.6 06 40 6.5 3.1 327 26

Notes. Table entries refer to the contribution to the conditional variance (in percent) at
horizon h, with h = 1,4,12,40 quarters, at the posterior mean. Some of the totals may not
sum up to 100% due to rounding errors.

28



Table H.2: Selected moments of observed data and model-implied moments.

Standard Std. deviation Correlation Autocorrel. Autocorrel.
deviation rel. to output with output of order 1 of order 4

Data Model Data Model Data Model Data Model Data Model
With sovereign risk (M)

Output 0.050 0.116 1.00 1.00 1.00 1.00 0.90  0.98 0.43  0.80
Consumption  0.049 0.128 0.97 1.10 0.89 081 0.83  0.98 0.45 0.87
Investment 0.153 0.443 3.04 3.82 0.89 0.8 0.88  0.99 0.33  0.85
Inflation 0.258 0.302 - - 0.03 -0.07 0.92 0.90 0.82 0.77
Nom. int. rate 0.527 0.523 - - 0.04 -0.42 0.85  0.90 0.79  0.70
Real wage 0.096 0.178 - - 0.39  0.20 0.85 0.95 0.36  0.77
Real exch. rate 0.086 0.375 - - -026  0.07 0.78  0.98 0.18  0.86
Gov. cons. 0.055 0.055 1.09 0.48 0.38  0.05 0.62 0.62 0.46  0.15
Deficit ratio 0.059 0.061 - - -043 -0.29 0.65 0.35 0.49  0.26
For. demand 0.030  0.027 0.60 0.23 0.01 0.06 0.98 097 0.77  0.89
For. inflation ~ 0.016 0.016 - - 0.29  0.00 029 035 -0.14 0.02
For. int. rate  0.049 0.039 - - -019 -0.04 0.94  0.88 0.69  0.60

No sovereign risk (Ms)

Output 0.050 0.052 1.00 1.00 1.00 1.00 0.90 0.93 0.43  0.66
Consumption  0.049 0.076 0.97 1.45 0.89 0.38 0.83 0.95 0.45 0.66
Investment 0.153 0.304 3.04 5.82 0.89  0.63 0.88  0.98 0.33  0.78

Inflation 0.258  0.366 - - 0.03 -0.16 0.92 0.88 0.82 0.83
Nom. int. rate 0.527 0.390 - - 0.04 -0.26 0.85 0.88 0.79  0.73
Real wage 0.096 0.138 - - 0.39  0.03 0.85 0.93 0.36  0.67
Real exch. rate 0.086 0.236 - - -026 0.19 0.78 094 0.18  0.79
Gov. cons. 0.055 0.055 1.09 1.06 0.38  0.10 0.62 0.62 0.46  0.15
Deficit ratio 0.059 0.054 - - -043 -0.08 0.65 0.34 0.49  0.09
For. demand 0.030  0.027 0.60 0.51 0.01 0.12 0.98  0.97 0.77  0.90
For. inflation  0.016 0.016 - - 0.29  0.00 029 035 -0.14 0.01
For. int. rate  0.049 0.038 - - -019  0.07 0.94  0.87 0.69  0.57

Notes. The model-implied moments are computed from the solution of the model at the
posterior mean. The standard deviations of inflation rates and interest rates are in annualized
percentage terms, the remaining standard deviations are in quarterly percentage terms.
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Table H.3: One-step ahead forecast errors.

Mean forecast Root mean squared

error ME forecast error RMSE
With sov. risk  No sov. risk With sov. risk  No sov. risk
(M) (M) (M) (M)
Output -0.16 -0.38 1.48 1.52
Consumption -0.38 -0.50 1.18 1.00
Investment -0.77 -0.32 3.59 2.88
Inflation 1.06 -1.14 6.67 7.66
Real wage 8.32 11.06 18.09 21.72
Nom. interest rate -0.44 -0.21 1.53 1.62
Real exch. rate 0.82 -0.69 2.20 3.26
Gov. consumption -0.01 -0.01 2.02 2.09
Deficit ratio -0.84 1.20 4.70 4.55
For. output 0.00 0.00 0.09 0.08
For. inflation 0.02 0.02 1.01 1.00
For. interest rate 0.38 0.41 0.69 0.75

Notes. The mean forecast errors and the root mean squared forecast errors are computed

according to the formulas MFE = 7! Z?zl F; and RMSFE = /T—1 Zthl F?, respectively,
where F} is the difference between the observed variable Y; and its one-step ahead forecast
from the Kalman filter th yie. Fp =Y — Y;f . Inflation rates and interest rates are measured
in annualized percentage terms, the remaining variables are in quarterly percentage terms.
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Figure H.1: Model-implied expected default rate (Ed;+1) and EMBIG Turkey spreads.
Notes. The model-implied default rate is the estimate implied by the Kalman smoother
at the posterior mean (1994Q3-2013Q3); source of EMBIG spreads (monthly data): J.P.
Morgan and Bloomberg; ‘USD’ indicates spreads on U.S. dollar Brady bonds and loans over
U.S. treasury bonds (08/1998-09/2013); ‘Euro’ indicates spreads on euro denominated bonds
and loans over German bunds (05/1999-09/2013).
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Figure H.2: Prior vs. posterior distributions, structural parameters.
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Figure H.3: Prior vs. posterior distributions, AR(1) coefficients.
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Figure H.4: Prior vs. posterior distributions, standard deviations.
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Figure H.5: Observed data vs. smoothed variables.
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Figure H.6: Multivariate convergence diagnostics, model with sovereign risk.
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Figure H.7: Multivariate convergence diagnostics, model without sovereign risk.
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