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Abstract 

 

Debt limit is public debt-to-GDP ratio above which financial markets stop lending to 

a sovereign. How wide the fiscal space –the difference between the current debt 

ratio and the debt limit- is essential for policymakers. However, this information 

ceases to be useful regarding up to which point in the fiscal space policymakers can 

take fiscal stimulus measures. We define “fiscal stimulus debt limit” as the debt ratio, 

beyond which fiscal stimulus leads to output losses relative to a no fiscal response 

case. We use this concept in a DSGE model and show that the gap between two 

limits is significant. 
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I Introduction  

A critical question that confronts policymakers during recessions is whether there is a room for maneuver 

to take fiscal stimulus measures. Elevated sovereign debt levels in the aftermath of the global crisis lead to 

concerns about the sustainability of public finances and limited implementation of fiscal stimulus measures 

despite record low levels of real interest rates. Consequently, an interest in debt limit (hereafter DL) and 

fiscal space estimations has intensified. Nonetheless, while DL and the corresponding fiscal space provide 

a valuable information for fiscal authorities regarding how close they are about to lose market access, they 

do not shed light up to which point in fiscal space they can take fiscal stimulus measures. Fiscal space does 

not necessarily indicate the degree to which countries have room for fiscal maneuver. Moreover, unless 

sovereign debt is default risk-free, it is even not necessary to know DL for this purpose. What is necessary 

is to identify fiscal stimulus debt limit –the debt ratio beyond which fiscal stimulus leads to output losses 

rather than output gains. The aim of this study is to define and measure this limit. 

DL is the public debt-to-GDP ratio above which financial markets stop lending to a sovereign, whereas 

fiscal space is the distance between DL and the current debt ratio (Ostry et al., 2010; Ghosh et al., 2013).1 

The underlying rationale is the fiscal fatigue concept. Ostry et al. (2010) argue that primary balances of a 

government cannot continually rise to offset higher interest payment burden of a sovereign due to political 

and economic reasons. Mendoza and Ostry (2008) show that there is a positive non-linear relation between 

primary balance and debt both for emerging economies (EEs) and advanced economies. Nonetheless, this 

evidence becomes weaker at high debt levels. DL is estimated in a model that combines debt dynamics 

equation with an arbitrage equation between the expected return on government debt and the risk-free rate, 

 

1
 There are other definitions of fiscal space and debt limit as well. For example, Aizenman and Jinjarak (2010) define the concept of “de facto fiscal 

space” which is the tax-years needed to repay the public debt. Bi et al. (2016) define debt limit as the expected discounted sum of the maximum 

primary surplus that can be generated in the future. 
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and a fiscal reaction function that reflects the fiscal fatigue concept (Ostry et al., 2010; Ghosh et al., 2013; 

Barr et al., 2014; Kim and Ostry, 2018). 

This literature has been silent about to what extent the fiscal space is at the disposal of policymakers for 

taking fiscal stimulus measures during recessions. Since beyond DL financial markets stop lending to a 

sovereign, there should be high levels of probability of default and associated sovereign borrowing rates 

close to DL.2 Then, at this upper range of the fiscal space, a fiscal expansion can further upsurge output 

losses rather than mitigate them by further elevating already high interest rates and bringing existing debt 

level closer to DL. As the debt ratio approaches to DL, fiscal stress will rise at an accelerated rate and spill 

over to the rest of the economy. If this is the case, then there is a threshold level of debt as percent of GDP 

above which a counter-cyclical policy in the form of fiscal stimulus will be useless. We define this threshold 

as the fiscal stimulus debt limit (hereafter FSDL). 

Our contribution to the literature is two-fold. First, we provide a computable definition of FSDL. Second, 

we apply this concept in a small open economy model that determines growth endogenously and provides 

various transmission channels of the sovereign default risk to the rest of the economy. Note that in the 

literature on DL, the GDP growth rate is exogenous and the sovereign default risk does not spill over to the 

rest of the economy. The core of the model is a fairly standard open economy New Keynesian DSGE model. 

There are adjustment costs for investment and price rigidities. Entrepreneurs face financial risk premium 

due to agency problems along the lines of Bernanke et al. (1999) (hereafter BGG). We consider two types 

of shocks: shock to risk-free foreign interest rate and a country spread shock. These shocks are found to be 

important determinants of the salient features of business cycles in EEs –countercyclical real interest rates 

 

2
 Corsetti et al. (2013) present this convex relation for a set of the European Union countries during the 2011 European crisis whereas Çufadar and 

Özatay (2017) document it for a set of large EEs during the Argentinean default at the end of 2001. In these studies, the convex part of the relation 
occurs in a wide range of public debt ratios. The expected return on government debt has a positive and convex relation with public debt ratio in the 

recent literature on fiscal space summarized above. However, it is stressed that the convex part of this relation occurs in a rather narrow range of 

debt ratios. See also Bi et al. (2016). 
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and countercyclical trade balance- in the presence of amplifying financial frictions (Neumeyer and Perri, 

2005; Uribe and Yue, 2006; Fernandez and Gulan, 2015). 

We extend this core to introduce a rich fiscal block. First, households derive utility from government 

consumption, government capital is productive and there is distortionary taxation. We specify utility along 

the lines of Sims and Wolf (2018) to allow complementary private and government consumption. We add 

government capital in the aggregate production function. Thus, government investment is useful as in Baxter 

and King (1993), Drautzburg and Uhlig (2015), and Sims and Wolf (2018).  

Second, we introduce endogenous sovereign default risk which depends on the level and currency 

composition of public debt-to-output ratio. Consequently, while shocks affect sovereign default risk, 

changes in default risk affect debt-to-output ratio by changing government borrowing costs and output, and 

in turn debt ratio changes default risk. The positive relation between sovereign spreads and government debt 

is a well-documented empirical fact (for example, Corsetti, et al., 2013; Aizenman et al., 2016). Limited 

fiscal capacity -high government debt relative to output or tax revenues- is one of the important reasons that 

prevent countries to pursue countercyclical fiscal policy especially in recessions (for a recent contribution 

see Aizenman et al., 2019). Note that, one of the shocks that we consider –the spread shock- amounts to a 

shift in the perception of creditors for an EE despite there is no change in its economic fundamentals. Such 

perception change stems from exogenous factors as discussed in Neumeyer and Perri (2005) and Uribe and 

Yue (2006) and can be seen as a sudden capital outflow as in Gertler et al. (2007) (hereafter GGN). Thus, 

sovereign spreads are driven by both economic fundamentals -i.e. debt-to-output ratio and developments 

that affect this ratio - and exogenous factors. 

Third, the sovereign default risk affects the financial risk premium of entrepreneurs through its impact on 

the funding cost of banks, the exit rate of entrepreneurs, and the uncertainty of the quality of entrepreneurs’ 

projects. Changes in financial risk premium of entrepreneurs, in turn, influence sovereign spreads through 

its supply side effects. In the financial accelerator mechanism of our model, we specify the rate at which 

entrepreneurs leave the market and the uncertainty of the quality of entrepreneurs’ projects as functions of 
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the sovereign default probability. Thus, external financial premium of a non-financial firm increases by an 

increase in the sovereign default risk. This last channel is akin to the risk shock of Christiano et al. (2014). 

In our model, the sovereign risk changes affect the uncertainty of the quality of entrepreneurs’ projects 

rather than an exogenous shock. Borensztein et al. (2013), Durbin and Ng (2005), and Mascia and Colla 

(2015) document the strong positive correlation between corporate and sovereign borrowing spreads. 

Increase in likelihood of government’s reliance on tax rate hikes, foreign exchange controls, expropriation 

of firms’ assets, disruptive strikes, social unrest, and general economic turmoil associated with heightened 

sovereign risk are shown as main underlying factors for this strong correlation (Durbin and Ng, 2005; 

Corsetti et al., 2013). Another strand of the empirical literature shows that survival rates of firms are affected 

by sovereign spreads (Aquiar and Gopinath, 2005; Bhattacharjee et al., 2009; Guariglia et al., 2016).  

Fourth, the model allows us to analyze the case where certain percentages of public debt and corporate 

debt are denominated in foreign currency. A negative external financial shock, by causing domestic currency 

to depreciate, deteriorates balance sheets of the government and firms. This deterioration increases the 

sovereign default risk and borrowing cost of the government, and the external financial premium of firms. 

The currency composition of public debt plays a central role in the second generation currency crises model 

of Obstfeld (1998) while the currency composition of corporate debt is at the core of the third generation 

currency crises models (Cespedes et al., 2004; Schneider and Tornell, 2004). The link between the currency 

depreciation and net worth of entrepreneurs is also an important feature of Aoki et al. (2018).  

The current study is additionally related to the recent literature that explores the effects of fiscal policy 

on output when alternative levels of public debt are taken into account. Ilzetski et al. (2013) show that fiscal 

multipliers are negative in high debt countries. Corsetti et al. (2013) find that when monetary policy is 

constrained due to a zero lower bound and risk perception is rather high, fiscal multiplier becomes negative, 
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provided that public debt is at very high levels. Çufadar and Özatay (2017) show that high public debt levels 

coupled with high foreign currency compositions lead to similar results for EEs.3 

Our main results are as the following. First, we find that FSDL is significantly lower than DL. That is, if 

the current level of debt is suggestively below DL but exceeds FSDL, the fiscal space implied by DL cannot 

be used for additional fiscal stimulus. Second, FSDL depends on the type of fiscal instrument employed in 

implementing fiscal policy. Provided that government capital is productive, the most output friendly fiscal 

policy is the one that increases government investment, rather than elevates government consumption or 

decreases tax rates. Increasing government consumption to goods that are complementary to private 

consumption goods is useful in increasing FSDL as well. A countercyclical fiscal policy that relies on tax 

rates during recessions is counterproductive except at rather low initial debt levels. Third, we show that not 

considering possible transmission channels of the sovereign risk leads to overestimation of the room for 

maneuver for a policymaker. Fourth, in the absence of foreign currency denominated debt, FSDL rises 

considerably. Fifth, it is important to emphasize that our FSDL concept rests on the importance of the mutual 

relation between the sovereign risk and the debt ratio. If all public debt were default-free, then DL would 

become the binding constraint. We show that these results are robust to different calibration of the 

parameters of the model. 

The remainder of the paper is organized as follows. Section II presents the model. Section III explores 

the transmission channels of sovereign risk changes. Section IV documents the calibration of the model. 

Section V compares the observed business cycle moments with those obtained from the model. Section VI 

discusses estimation of DL and FSDL. Section VII presents estimation results for DL and FSDL and 

discusses results. Section VIII concludes. Equilibrium conditions and other details of the model are provided 

on the online appendix to this article. 

 

3
 For a recent discussion of the literature on fiscal multipliers in general, see Alesina et al. (2018).  
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II Model4  

II.1 Households 

There are a large number of identical households which derive utility from private consumption, 

government consumption and disutility from labor. Our preference specification follows Sims and Wolf 

(2018) in permitting government consumption and private consumption to be complements (substitutes). 

The representative household’s lifetime expected utility is: 

(1) 𝐸0 ∑ 𝛽𝑡 (
𝑣𝑝𝑔

𝑣𝑝𝑔−1
𝐿𝑛𝐶𝑡̂ − 𝜎𝐻  

𝐻𝑡
1+𝜚

1+𝜚
)∞

𝑡=0   

where 𝐸𝑡 denotes expectations formed at t, 𝛽 is a discount factor, 𝐻𝑡 denotes hours of labor, 𝜚 is the inverse 

Frisch labor supply elasticity, and 𝜎𝐻 > 0 is a constant. 𝐶𝑡̂ is a composite of private (𝐶𝑡) and government 

(𝐺𝐶,𝑡) consumption: 

𝐶𝑡̂ = ∅𝐶𝐶𝑡

(𝑣𝑝𝑔−1)/𝑣𝑝𝑔 + (1 − ∅𝐶)𝐺𝐶,𝑡

(𝑣𝑝𝑔−1)/𝑣𝑝𝑔
 

∅𝐶 is the weight of private consumption in 𝐶𝑡̂ and 𝑣𝑝𝑔 > 0 is the elasticity of substitution between 𝐶𝑡 and 

𝐺𝐶,𝑡, which are utility complements (substitutes) when 𝑣𝑝𝑔 < 1 (𝑣𝑝𝑔 > 1). When 𝑣𝑝𝑔 → 1, utility becomes 

additively separable in 𝐶𝑡 and 𝐺𝐶,𝑡. 𝐶𝑡 is composed of domestic (𝐶𝑡
𝐻) and foreign (𝐶𝑡

𝐹) final goods, whereas 

𝐺𝐶,𝑡 is composed of domestic goods.5 The representative households maximizes Eq. (1) subject to the 

following budget constraint by choosing 𝐶𝑡, 𝐻𝑡, and 𝐷𝑡+1(the beginning of period t+1 domestic currency 

deposit stock)6: 

(2) (1 + 𝜏𝑡
𝐶)𝐶𝑡 =

(1−𝜏𝑡
𝑊)𝑊𝑡𝐻𝑡

𝑃𝑡
+ 𝑑𝑖𝑣𝑡 + 𝑑𝑖𝑣𝑡

𝑏 −
𝑇𝑡

𝑔

𝑃𝑡
−

𝐷𝑡+1−𝑅𝑡−1
𝐷 𝐷𝑡

𝑃𝑡
+

𝑇𝑓𝑟

𝑃𝑡
  

 

4
 With the exception of the household and fiscal blocks, the model mainly follows our earlier study (Çufadar and Özatay, 2017). In the current 

study, households derive utility from government consumption, government capital is productive, there is distortionary taxation, and sovereign 

default risk depends not only on the public debt-to-output ratio but also its currency composition. Thus, with the exception of these changes, the 

exposition of this Section draws on our earlier study. 
5 𝐶𝑡

𝐻 = (1 − 𝛼𝑚𝑐)(𝑃𝑡
𝐻/𝑃𝑡)−𝜌𝑐𝐶𝑡 and 𝐶𝑡

𝐹 = 𝛼𝑚𝑐(𝑃𝑡
𝐹/𝑃𝑡)−𝜌𝑐𝐶𝑡 where 𝜌𝑐 is the intertemporal elasticity of substitution between the home and foreign 

consumption goods,  𝛼𝑚𝑐 is the weight of foreign goods in the consumption basket, 𝑃𝑡
𝐻 is the home and 𝑃𝑡

𝐹 is the foreign consumer price indices.  
6 The first order conditions that are not shown in the text are provided in the online appendix to this article. 
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𝑊𝑡 is the nominal wage, 𝑃𝑡 is the consumer price index, 𝜏𝑡
𝐶 and 𝜏𝑡

𝑊 are consumption and labor income tax 

rates, respectively. Households own the firms, and 𝑑𝑖𝑣𝑡  denotes real total profits of domestic and imported 

goods retailers distributed to the households, whereas 𝑑𝑖𝑣𝑡
𝑏 is the banking system profits in real terms. 𝑇𝑡

𝑔
 

is lump-sum taxes – net of transfers – levied by the government, and 𝑇𝑓𝑟 is remittances from abroad.7 

Households save through domestic currency deposits 𝐷𝑡. 𝑅𝑡−1
𝐷  is the gross nominal deposit rate. 8 

 II.2 Private Capital Producers 

Private capital goods are produced by competitive firms owned by households. To produce new private 

capital (𝐾𝑡+1) capital producers purchase new investment goods and the undepreciated fraction of physical 

capital at the end of t. Technology for building new private capital is 

(3) 𝐾𝑡+1 = (1 − 𝛿)𝐾𝑡 + {1 −
𝜒

2
[

𝐼𝑡

𝐼𝑡−1
− 1]

2
} 𝐼𝑡  

where 𝛿 is the rate of capital depreciation and 𝜒 is the investment adjustment cost parameter. The second 

term in the curly brackets denotes the adjustment cost of investment, which is fairly standard in small open 

economy models to preclude excessive volatility in response to real interest rate changes. This specification 

follows Christiano et al. (2005). Private capital producers buy new investment goods (𝐼𝑡) at a real price 

𝑃𝑡
𝐼/𝑃𝑡 from final goods producers and undepreciated part of the private capital for real price 𝑄𝑡 from 

entrepreneurs. 𝐼𝑡 is composed of domestic (𝐼𝑡
𝐻) and foreign (𝐼𝑡

𝐹) final goods.9 At the end of period t, they 

sell new capital stock to entrepreneurs to be used in production at t+1 at a real price 𝑄𝑡. They choose 𝐼𝑡 and 

𝐾𝑡+1, subject to Eq. (3), to maximize their expected discounted profits 

 

7 Remittances from abroad are equal to the steady state level of total interest payments for foreign debt. This is a technical assumption, which does 

not affect model dynamics at all. It ensures that foreign trade is in balance in the steady state for each external debt level. Such technical assumptions 
to ensure balanced foreign trade in the steady state are usual. For example, Guerrieri et al. (2013), to obtain balanced trade in the steady state, force 

the foreign debt of the core countries of the European Union to be held by periphery banks to match the level of its counterpart.  
8

 All interest rates shown by capital letters throughout the paper are nominal and gross. 
9 𝐼𝑡

𝐻 = (1 − 𝛼𝑚𝐼)(𝑃𝑡
𝐻/𝑃𝑡

𝐼)−𝜌𝐼𝐼𝑡 and 𝐼𝑡
𝐹 = 𝛼𝑚𝐼(𝑃𝑡

𝐹/𝑃𝑡
𝐼)−𝜌𝐼𝐼𝑡 where 𝜌𝐼 is the intertemporal elasticity of substitution between home and foreign 

investment goods and  𝛼𝑚𝐼 is the weight of foreign goods in investment goods.  
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(4) 𝐸0 ∑ 𝛽𝑡𝜆𝑡 (𝑄𝑡  𝐾𝑡+1 − 𝑄𝑡(1 − 𝛿)𝐾𝑡 −
𝑃𝑡

𝐼

𝑃𝑡
𝐼𝑡)∞

𝑡=0  

where 𝜆𝑡 is the marginal utility of consumption. 

II.3 Entrepreneurs 

Entrepreneurs produce wholesale goods and sell them to retailers in a perfectly competitive market. To 

purchase private capital from private capital producers, they have to borrow funds from financial 

intermediaries (banks). Due to agency problems, the cost of borrowing is with a premium. This financial 

imperfection amplifies interest rate shocks. The financial accelerator mechanism is based on BGG which 

leads to three important equations: the zero profit condition for the bank, the external finance premium, and 

the evolution of net worth of entrepreneur. The exposition of the BGG mechanism in this section is standard. 

To finance capital purchase, the entrepreneur j uses his/her net worth along with borrowed funds from 

banks. Borrowing is both in domestic and foreign currencies:  

(5)   𝐿𝑡+1
𝑗

+ 𝑁𝑡+1
𝑗

= 𝑃𝑡𝑄𝑡𝐾𝑡+1
𝑗

; 𝐿𝑡+1
𝑗

= 𝐿𝑡+1
𝑗,𝐷𝐶

+ 𝑆𝑡𝐿𝑡+1
𝑗,𝐹𝐶

  

where 𝐿𝑡+1
𝑗

 is total borrowing banks at the end of period t. Domestic currency borrowing is a constant 

proportion of total loans: 𝐿𝑡+1
𝑗,𝐷𝐶

= (1 − 𝛼𝐹𝐶)𝐿𝑡+1
𝑗

. Similarly, foreign currency borrowing is given by: 

𝑆𝑡𝐿𝑡+1
𝑗,𝐹𝐶

= 𝛼𝐹𝐶𝐿𝑡+1
𝑗

. 𝑆𝑡 is the exchange rate –domestic currency value of one unit of foreign currency-, and 

0 ≤ 𝛼𝐹𝐶 ≤ 1. The net worth of entrepreneur at the end of period t is 𝑁𝑡+1
𝑗

. 

After purchasing capital, the entrepreneur j faces an idiosyncratic productivity shock 𝜔𝑡
𝑗
. This shock is 

assumed to be distributed log normally with cumulative density function 𝐹(𝜔) and 𝐸𝑡𝜔𝑡+1 = 1 for all t. It 

is observed by the entrepreneur yet the lender must pay a monitoring cost (𝜇) to see the shock. There is a 

cut-off value of this shock (𝜔̅𝑡+1
𝑗

), below which the entrepreneur declares bankruptcy and receives nothing: 

(6) 𝜔̅𝑡+1
𝑗

= 𝐸𝑡 [
𝑅𝑡

𝐿,𝑗
𝐿𝑡+1

𝑗

𝑅𝑡+1
𝐾 𝑃𝑡𝑄𝑡𝐾𝑡+1

𝑗 ]  
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where  𝜔̅𝑡+1
𝑗

𝑅𝑡+1
𝐾 𝑃𝑡𝑄𝑡𝐾𝑡+1

𝑗
 is what the entrepreneur j, who purchased one unit of capital at the end of t, 

should at least earn to pay-off his/her debt, 𝑅𝑡+1
𝐾  is the nominal gross rate of return of purchased capital 

which will be defined shortly, and 𝑅𝑡
𝐿,𝑗

 is the gross risky loan rate charged to the entrepreneur j by the bank. 

The zero profit condition for banks is as the following: 

(7)             𝐸𝑡 {[1 − 𝐹𝑡(𝜔̅𝑡+1
𝑗

)]𝑅𝑡
𝐿,𝑗

𝐿𝑡+1
𝑗

+ (1 − 𝜇) ∫ 𝜔𝑑𝐹𝑡(𝜔)𝑅𝑡+1
𝐾 𝑃𝑡𝑄𝑡𝐾𝑡+1

𝑗𝜔̅𝑡+1
𝑗

0
} = 𝑅𝑡

𝐶𝐿𝑡+1
𝑗

  

The first term on the left-hand side denotes the nominal return to financial intermediaries when the 

entrepreneur j does not default whereas the second term is the return to banks net of monitoring cost from 

the defaulted entrepreneur. The right-hand side of (7) defines the cost of funding to banks while 𝑅𝑡
𝐶 is the 

borrowing rate of banks.10 

The expected return of the entrepreneur j scaled by his/her opportunity cost is: 

(8) 𝐸𝑡 {∫ [
(𝑅𝑡+1

𝐾 𝑃𝑡𝑄𝑡𝜔𝑡+1𝐾𝑡+1
𝑗

−𝑅𝑡
𝐿,𝑗

𝐿𝑡+1
𝑗

)

𝑅𝑡
𝐶𝑁𝑡+1

𝑗 ] 𝑑𝐹𝑡(𝜔)
∞

𝜔̅𝑡+1
𝑗 }   

Given 𝑅𝑡+1
𝐾  and 𝑅𝑡

𝐶, the entrepreneur j maximizes Eq. (8) subject to the bank’s zero profit condition Eq. (7) 

by choosing 𝐾𝑡+1
𝑗

 and 𝜔̅𝑡+1
𝑗

. As shown in BGG, in general equilibrium, one can aggregate the first order 

conditions over the firms. The optimality condition for the entrepreneurial contract is then yields the external 

finance premium: 

(9) 𝐸𝑡(𝑅𝑡+1
𝐾 /𝑅𝑡

𝐶) = 𝑠(𝑁𝑡+1/𝑃𝑡𝑄𝑡𝐾𝑡+1 );  𝑠(. )′ < 0          

Thus, the external finance premium increases as 𝑁𝑡+1/𝑃𝑡𝑄𝑡𝐾𝑡+1 decreases.  

The net worth of entrepreneurs evolves according to:  

(10) 𝑁𝑡+1 = (1 − 𝑣𝑡)𝑉𝑡 + (1 − 𝜏𝑡
𝑤)𝑊𝑡

𝑒          

 

10
 Note that 𝑅𝑡

𝐶𝐿𝑡+1
𝑗

= 𝑅𝑡
𝐶,𝐷𝐶𝐿𝑡+1

𝑗,𝐷𝐶
+ 𝑅𝑡

𝐶,𝐹𝐶𝑆𝑡+1𝐿𝑡+1
𝑗,𝐹𝐶

, where 𝑅𝑡
𝐶,𝐷𝐶

 and 𝑅𝑡
𝐶,𝐹𝐶  are the domestic and foreign currency borrowing rates of banks, 

respectively. 
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where 𝑣𝑡 is the rate at which entrepreneurs leave the market, 𝑊𝑡
𝑒 is the entrepreneurial wage income, and 

𝑉𝑡 is the ex-post nominal return of the project to the entrepreneur net of his/her ex-post borrowing cost 

carried over from the previous period: 

(11)               𝑉𝑡 = 𝑅𝑡
𝐾𝑃𝑡−1𝑄𝑡−1𝐾𝑡 − 𝑅𝑡−1

𝐶 𝐿𝑡 − 𝜇 ∫ 𝜔𝑑𝐹𝑡−1(𝜔)𝑅𝑡
𝐾𝑃𝑡−1𝑄𝑡−1𝐾𝑡

𝜔̅𝑡

0
  

The leaving entrepreneurs consume their wealth: (1 + 𝜏𝑡
𝐶)𝐶𝑡

𝑒 = 𝑣𝑡𝑉𝑡/𝑃𝑡. The optimal choice of home 

and foreign goods consumption is similar to the households’ choice.  

Entrepreneurs real gross output is 

(12) 𝐺𝑌𝑡 =
𝑃𝑡

𝑤

𝑃𝑡
𝑌𝑡

𝐻 + [𝑄𝑡 −
𝑃𝑡

𝐼

𝑃𝑡
𝛿] 𝜔𝑡𝐾𝑡    

The term in the square brackets denotes the real market value of the private capital stock net of repairing 

worn out equipment and 𝑃𝑡
𝑤 is the wholesale price of domestic goods produced. 𝑌𝑡

𝐻 is the wholesale good 

production and given by 

(13) 𝑌𝑡
𝐻 = 𝜔𝑡𝐴𝑡𝐾𝐺,𝑡

𝜑𝐺𝐾𝑡
𝛼[(𝐻𝑡)𝛺(𝐻𝑡

𝑒)1−𝛺]1−𝛼   

where, 𝐴𝑡 is aggregate productivity shock, 𝐾𝐺,𝑡 is government capital, 𝜑𝐺 ≥ 0 is a parameter that measures 

the productivity of 𝐾𝐺,𝑡,  𝐻𝑡
𝑒 is the inelastic labor hours supplied by entrepreneurs as managerial input which 

is set to unity, 𝛼 is the share of capital, and 𝛺 is the household labor share in total labor hours.11  

The entrepreneur maximizes his/her profit by choosing labor. The first order conditions yield: 

(14) 𝑊𝑡
𝑒/𝑃𝑡 = (𝑃𝑡

𝑤/𝑃𝑡)(1 − 𝛼)(1 − 𝛺)𝑌𝑡
𝐻/𝐻𝑡

𝑒    

(15) 𝑊𝑡/𝑃𝑡 = (𝑃𝑡
𝑤/𝑃𝑡)(1 − 𝛼)𝛺𝑌𝑡

𝐻/𝐻𝑡    

The expected gross rate of return of purchased private capital is  

𝐸𝑡𝑅𝑡+1
𝐾 = 𝐸𝑡{𝜋𝑡+1[𝐺𝑌𝑡+1

𝐻 − (𝑊𝑡+1𝐻𝑡+1 + 𝑊𝑡+1
𝑒 𝐻𝑡+1

𝑒 )/𝑃𝑡+1]/𝑄𝑡𝐾𝑡+1} 

where 𝜋𝑡+1 = 𝑃𝑡+1/𝑃𝑡 is the gross inflation rate. Using (12-15) and 𝐸𝑡𝜔𝑡+1 = 1, this boils down to 

 

11
 Following GGN, we assume that fixed cost is borne by retailers. 
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(16) 𝐸𝑡𝑅𝑡+1
𝐾 = 𝐸𝑡 {𝜋𝑡+1 [

𝑃𝑡+1
𝑤

𝑃𝑡+1
𝛼

𝑌𝑡+1
𝐻

𝐾𝑡+1
+ 𝑄𝑡+1 −

𝑃𝑡+1
𝐼

𝑃𝑡+1
𝛿] /𝑄𝑡}   

II.4 Retailers 

The retail goods market is as in GGN. Domestic retailers buy goods from entrepreneurs at given wholesale 

price and then differentiate the product at a fixed cost, 𝑓𝑐𝐻. The differentiated goods are sold in a 

monopolistically competitive market to households, entrepreneurs, capital producers, exporters, and 

government. There is a Calvo type staggered nominal price setting. In any period t, only a fraction (1 − 𝜃𝐻) 

of retailers set their prices independently of the time elapsed since the last adjustment, whereas prices of a 

fraction  𝜃𝐻 of retailers are kept intact. The gross inflation rate for domestically produced goods is 

(17) 𝑃𝑡
𝐻/𝑃𝑡−1

𝐻 = (𝜇𝐻𝑃𝑡
𝑊/𝑃𝑡

𝐻)𝜁𝐻
𝐸𝑡(𝑃𝑡+1

𝐻 /𝑃𝑡
𝐻)𝛽; 𝜁𝐻 = (1 − 𝜃𝐻)(1 − 𝛽𝜃𝐻)/𝜃𝐻    

where (𝜇𝐻) is the desired mark-up rate of domestic goods retailers over wholesale prices. The imported 

goods market structure is similar to the domestic goods market.   

II.5 Banks 

Domestic currency deposits (𝐷𝑡+1) and foreign currency loans from foreign creditors (𝐵𝑡+1
𝐵,𝐹𝐶) are the 

sources of banks. Consequently, at the beginning of t+1, 𝐿𝑡+1 = 𝐷𝑡+1 + 𝑆𝑡𝐵𝑡+1
𝐵,𝐹𝐶

.  By making use of the 

zero profit condition of banks Eq. (7), one can use 𝑅𝑡
𝐶𝐿𝑡+1, in place of expected return from loans to 

entrepreneurs. The expected profits of banks is  

  𝐸𝑡𝑑𝑖𝑣𝑡+1
𝐵 = 𝑅𝑡

𝐶(𝐷𝑡+1 + 𝑆𝑡𝐵𝑡+1
𝐵,𝐹𝐶) − 𝑅𝑡

𝐷𝐷𝑡+1 − 𝐸𝑡(𝑅𝑡
𝐵,𝐹𝐶𝑆𝑡+1𝐵𝑡+1

𝐵,𝐹𝐶)  

where 𝑅𝑡
𝐷 is the gross nominal deposit rate which is equal to the central bank policy rate (𝑅𝑡

𝐶𝐵) and 𝑅𝑡
𝐵,𝐹𝐶

 

is the foreign currency borrowing rate from foreigners. Optimization leads to12: 

(18) 𝑅𝑡
𝐶 = 𝑅𝑡

𝐷 = 𝐸𝑡(𝑅𝑡
𝐵,𝐹𝐶𝑆𝑡+1/𝑆𝑡)     

 

12
 Note that 𝑅𝑡

𝐶,𝐷𝐶 = 𝑅𝑡
𝐶 and 𝑅𝑡

𝐶,𝐹𝐶 = 𝑅𝑡
𝐵,𝐹𝐶

. 
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II.6 Foreign Creditors and Exports 

The alternative assets available for a foreign investor are risk-free foreign assets, one-period domestic 

currency (𝐵𝑡
𝐺,𝐷𝐶) and foreign currency bonds (𝐵𝑡

𝐺,𝐹𝐶) issued by the home country government, and one-

period foreign currency loan to home banks (𝐵𝑡
𝐵,𝐹𝐶). A risk-neutral investor takes his/her decision based on 

expected returns of alternative assets, which yields the following optimality conditions: 

(19)               𝑅𝑡
∗(1 + 𝑠𝑡

𝑝𝑟
) = 𝐸𝑡[(1 − 𝑝𝑟𝑡+1)𝑅𝑡

𝐺,𝐹𝐶+𝑝𝑟𝑡+1(1 − 𝑑ℎ𝑐)𝑅𝑡
𝐺,𝐹𝐶]   

(20)                𝑅𝑡
∗(1 + 𝑠𝑡

𝑝𝑟
) = 𝐸𝑡 [(1 − 𝑝𝑟𝑡+1)𝑅𝑡

𝐺,𝐷𝐶 𝑆𝑡

𝑆𝑡+1
+𝑝𝑟𝑡+1(1 − 𝑑ℎ𝑐)𝑅𝑡

𝐺,𝐷𝐶 𝑆𝑡

𝑆𝑡+1
]         

(21)           𝑅𝑡
𝐵,𝐹𝐶 = 𝑐𝑟𝑝𝑡(𝑅𝑡

𝐺,𝐹𝐶)
𝜓

(𝑅𝑡
∗(1 + 𝑠𝑡

𝑝𝑟
))

1−𝜓
= 𝑐𝑟𝑝𝑡 𝑅𝑡

∗(1 + 𝑠𝑡
𝑝𝑟)𝐸𝑡 (

1

1−𝑝𝑟𝑡+1𝑑ℎ𝑐
)

𝜓

 

𝑅𝑡
∗ is the risk-free foreign interest rate, 𝑅𝑡

𝐺,𝐹𝐶
 and 𝑅𝑡

𝐺,𝐷𝐶
are, respectively, the foreign and domestic currency 

government borrowing rates, and 𝑠𝑡
𝑝𝑟

 is a country spread shock. The probability of sovereign default in the 

next period is 𝑝𝑟𝑡+1.13 𝑑ℎ𝑐 ∈ [0,1) is the size of the haircut in case of default, which is taken as constant. 

Given 𝑅𝑡
∗, the sovereign default probability, the haircut ratio, and the central bank’s policy rate, (18, 19-21) 

determine 𝑅𝑡
𝐺,𝐹𝐶

, 𝑅𝑡
𝐺,𝐷𝐶 , 𝑅𝑡

𝐵,𝐹𝐶
, and the change in the exchange rate (𝑆𝑡+1/𝑆𝑡). 

A number of studies has presented the high correlation between sovereign spreads and corporate sector 

spreads (Durbin and Ng, 2005; Fernandez and Gulan, 2015) and so called sovereign risk ceiling policy 

(Borensztein et al., 2013). The parameter 𝜓 in Eq. (21) shows the degree of pass-through from the sovereign 

risk to foreign funding costs of banks. If 𝜓 = 1, then the borrowing cost of the banking sector from foreign 

creditors is slightly above that of the government. Consequently, the difference between 𝑅𝑡
𝐵,𝐹𝐶

  and  𝑅𝑡
𝐺,𝐹𝐶

 

is determined by 𝑐𝑟𝑝𝑡 = 𝑒𝑥𝑝[∅𝑐𝑟𝑝𝑆𝐵𝑡+1
𝐵,𝐹𝐶/𝑃𝑌], where  ∅𝑐𝑟𝑝 > 0 and 𝑒𝑥𝑝 (. ) is the exponential function.14 

On the other extreme, when 𝜓 = 0, this link ceases to exist. 

 

13 We discuss how 𝑝𝑟𝑡+1 is determined in Section II.8. 

14
 crpt ensures the stationarity of the banking sector foreign debt and stability of the open economy model (see, for example, Schmitt-Grohe and 

Uribe, 2003).  
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It is assumed that the law of one price holds in the imported goods competitive wholesale market. So, the 

wholesale domestic currency price of imported goods is 

(22) 𝑃𝑡
𝑊,𝐹 = 𝑆𝑡𝑃𝑡

∗  

where  𝑃𝑡
∗ is the foreign currency price of imported goods, which is equal to the foreign price level. Exporters 

operate in a competitive market and purchase exported goods from domestic goods retailers. The foreign 

demand for home goods is defined as  

(23) 𝑋𝑡 = [𝑃𝑡
𝐻/𝑆𝑡𝑃𝑡

∗]−𝜌𝑋𝑌𝑡
∗  

where 𝑃𝑡
𝐻 is the home consumer price index, 𝜌𝑋 is the price elasticity of foreign demand for home goods, 

and 𝑌𝑡
∗ is foreign output. 

II.7 Monetary Policy 

The central bank smoothens interest rate changes (0 < 𝜌𝐶𝐵 < 1), responds to the deviations of inflation 

from the target (𝜌𝜋 > 1), output gap (𝜌𝑌 > 0), and nominal depreciation of domestic currency (𝜌𝑆 > 0): 

(24) 𝑅𝑡
𝐶𝐵/𝑅𝐶𝐵 = (𝑅𝑡−1

𝐶𝐵 /𝑅𝐶𝐵)
𝜌𝐶𝐵[(𝜋𝑡/𝜋)𝜌𝜋(𝑌𝑡/𝑌)𝜌𝑌(𝑆𝑡/𝑆𝑡−1)𝜌𝑆]1−𝜌𝐶𝐵 

The target for gross inflation is equal to one (its steady state value) and the output gap is defined as the gap 

between the output and its steady state value. Such a reaction function is one of the possible functions 

discussed in Svensson (2000) and empirically valid for EEs as shown, among others, in Ortiz et al. (2009). 

II.8 Fiscal Policy 

Five fiscal policy instruments are available for policymakers: consumption and labor income tax rates, 

lump-sum taxes, government investment (𝐺𝐼,𝑡) and consumption (𝐺𝐶,𝑡). The government’s total nominal 
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expenditure consists of expenditures on domestically produced consumption goods (𝑃𝑡
𝐻𝐺𝐶,𝑡), composite 

investment goods (𝑃𝑡
𝐼𝐺𝐼,𝑡), and interest and debt payments.15 The government capital stock evolves as 

(25)               𝐾𝐺,𝑡+1 = 𝐺𝐼,𝑡 + (1 − 𝛿)𝐾𝐺,𝑡 

The total nominal tax revenue of the government is the sum of taxes on labor income and consumption 

expenditures, and lump-sum taxes (𝑇𝐿
𝐺): 

(26)                    𝑇𝑡
𝐺 = 𝑇𝐿

𝐺 + 𝜏𝑡
𝑊(𝑊𝑡𝐻𝑡 + 𝑊𝑡

𝑒𝐻𝑡
𝑒) +  𝜏𝑡

𝐶𝑃𝑡(𝐶𝑡 + 𝐶𝑡
𝑒)  

The role of the lump-sum taxation in the model is to ensure balanced budget at each initial debt level at the 

steady state: 𝑇𝐿
𝐺 = [𝐺𝐶 + 𝐺𝐼 + (𝑅𝐺 − 1)𝐵𝐺] − [𝜏𝑤(𝑊𝐻 + 𝑊𝑒𝐻𝑒) + 𝜏𝐶(𝐶 + 𝐶𝑒)]. The term in the first 

square bracket denotes the required total tax revenue at the steady state to ensure balanced budget and the 

term in the second squared bracket is the sum of income and consumption tax revenues at the steady state.16   

𝐺𝐶,𝑡 and 𝐺𝐼,𝑡 evolve according to the following process: 

(27)                  𝐺𝑗,𝑡 − 𝐺𝑗 = 𝜌𝐺𝑗(𝐺𝑗,𝑡−1 − 𝐺𝑗) + 𝜀𝑡
𝐺𝑗

; 𝑗 = 𝐶, 𝐼 

where 𝜌𝐺,𝑗 is the autoregressive coefficient. 𝜀𝑡
𝐺𝐶 and 𝜀𝑡

𝐺𝐼 are shock terms. Fiscal expansion is calibrated as 

an innovation to the relevant shock term. Otherwise, 𝐺𝑗,𝑡 stays constant at its steady state level (𝐺𝑗).  

Tax instruments are used for two purposes: for taking fiscal stimulus measures and to prevent explosive 

debt dynamics. Government debt increases due to fiscal stimulus measures and increased government 

interest payments following the spread and foreign interest shocks. The jth tax rate is  

(28) 𝜏𝑡
𝑗

= 𝜏𝑗 +
𝑇1𝑡+𝑇2𝑡

𝑊𝑡𝐻𝑡+𝑊𝑡
𝑒𝐻𝑡

𝑒+𝑃𝑡(𝐶𝑡+𝐶𝑡
𝑒)

; 𝑗 = 𝑐, 𝑤 

The additional tax revenue necessary in preventing explosive debt dynamics is 

 

15 Note that  𝑃𝑡
𝐼𝐺𝐼,𝑡 = 𝑃𝑡

𝐻𝐺𝐼,𝑡
𝐻 + 𝑃𝑡

𝐹𝐺𝐼,𝑡
𝐹 , 𝐺𝐼,𝑡

𝐻 = (1 − 𝛼𝑚𝐼)(𝑃𝑡
𝐻/𝑃𝑡

𝐼)−𝜌𝐼𝐺𝐼,𝑡, 𝐺𝐼,𝑡
𝐹 = 𝛼𝑚𝐼(𝑃𝑡

𝐹/𝑃𝑡
𝐼)−𝜌𝐼𝐺𝐼,𝑡. 𝜌𝐼 is the intertemporal elasticity of substitution 

between home (𝐺𝐼,𝑡
𝐻 ) and foreign investment goods (𝐺𝐼,𝑡

𝐹 ), and  𝛼𝑚𝐼 is the weight of foreign goods in investment goods.  
16

 Note that at the steady state 𝑃𝐻 = 𝑃𝐼 = 𝑃 = 1 and since debt level is constant the only expenditure item other than government investment and 

consumption is interest payments (𝑅𝐺 − 1)𝐵𝐺. 
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(29) 𝑇1𝑡 = 𝜓𝑇1 (
𝐵𝑡+1

𝐺

𝑃𝑡𝑌𝑡
−

𝐵𝐺

𝑌
) 

and the tax revenue reduction process required for fiscal stimulus is given by 

(30) 𝑇2𝑡 = 𝜌𝜏𝑇2𝑡−1 − 𝜀𝑡
𝑇2 

where 𝜏𝑗 is the steady-state value of the tax rate j, 𝜓𝑇1 is a parameter that indicates the magnitude of the 

revenue increasing response to the deviation of debt ratio from its steady-state value, 𝜌𝜏 is an autoregressive 

coefficient, 𝜀𝑡
𝑇2 is a shock term.17 Since we compare the effect of alternative fiscal stimulus measures on 

FSDL we always specify the magnitude of the shock same for the two types of government expenditure and 

also for the additional tax revenue (Section V). 

Any excess expenditure over total revenues is financed by new debt formation. Despite the fact that the 

government has the option not to honor part of its liabilities, following Corsetti et al. (2013), we assume that 

a sovereign default is neutral in the sense that it does not affect the government budget deficit identity. This 

is ensured by assuming that the government makes transfers to foreigners at the amount equal to the value 

of debt defaulted (𝑇𝑡
𝑑 = 𝑝𝑟𝑡𝑑ℎ𝑐𝑅𝑡−1

𝐺 𝐵𝑡
𝐺).18 The probability of sovereign default still affects the government 

debt through its effect on the government borrowing cost (𝑅𝑡
𝐺).19 The government debt identity is 

(31)        𝐵𝑡+1
𝐺 = 𝑅𝑡−1

𝐺 𝐵𝑡
𝐺 + 𝑃𝑡

𝐻𝐺𝐶,𝑡 + 𝑃𝑡
𝐼𝐺𝐼,𝑡 − 𝑇𝑡

𝐺  

where 𝑅𝑡−1
𝐺 𝐵𝑡

𝐺 = 𝑅𝑡−1
𝐺,𝐷𝐶(1 − 𝛼𝐺,𝐹𝐶)𝐵𝑡

𝐺 + 𝑅𝑡−1
𝐺,𝐹𝐶𝛼𝐺,𝐹𝐶𝐵𝑡

𝐺𝑆𝑡/𝑆𝑡−1, and 𝛼𝐺,𝐹𝐶 is the share of foreign currency 

debt in total debt. Note also that 𝐵𝑡+1
𝐺,𝐷𝐶 = (1 − 𝛼𝐺,𝐹𝐶)𝐵𝑡+1

𝐺  and 𝑆𝑡𝐵𝑡+1
𝐺,𝐹𝐶 = 𝛼𝐺,𝐹𝐶𝐵𝑡+1

𝐺 . 

Corsetti et al. (2013) as well as Çufadar and Özatay (2017) define the ex-ante probability of default at a 

certain level of sovereign indebtedness in the next period by the cumulative distribution function of the 

generalized beta distribution. They consider the relation between sovereign spreads and total public debt as 

 

17
 Note that the steady-state values of both of the additional tax revenues are equal to zero. 

18
 For example, these transfers can be considered as lawsuit costs.  

19 As stressed by Corsetti et al. (2013), the equilibrium solution of a number of strategic sovereign default models implies that the probability of 

default increases in the level of debt (for example, Arellano, 2008; Mendoza and Yue, 2012). We do not explicitly model a strategic default decision, 

and to maintain the tractability of our model we impose such a relationship following Corsetti et al. (2013). 
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percent of GDP. Plausibly, the effect of one unit of foreign currency government debt on default risk can be 

more than the effect of the same level of domestic currency government debt, especially when there is an 

external financial shock that leads domestic currency to depreciate considerably. Based on this 

consideration, we define the ex-ante probability of default as 

(32)            𝐸𝑡𝑝𝑟𝑡+1 = 𝐹𝑏𝑒𝑡𝑎 (
(𝐵𝑡+1

𝐺,𝐷𝐶+𝜉𝐹𝐶𝑆𝑡𝐵𝑡+1
𝐺,𝐹𝐶)/(𝑃𝑡𝑌𝑡)

𝑏𝑚𝑎𝑥
𝐺 ;  𝛼𝐵𝐺  , 𝛽𝐵𝐺) 

where 𝜉𝐹𝐶  indicates the importance of foreign currency debt relative to domestic currency debt in 

determining the probability of default,  𝑏𝑚𝑎𝑥
𝐺  is the upper end for (𝐵𝑡+1

𝐺,𝐷𝐶 + 𝜉𝐹𝐶𝑆𝑡𝐵𝑡+1
𝐺,𝐹𝐶)/(𝑃𝑡𝑌𝑡), and 

𝛼𝐵𝐺  and 𝛽𝐵𝐺 are the parameters of the beta distribution. 

II.9 Market Clearing and Equilibrium 

The goods market equilibrium for domestically produced goods is 

(33)         𝑌𝑡
𝐻 = 𝐶𝑡

𝐻 + 𝐶𝑡
𝑒,𝐻 + 𝐼𝑡

𝐻 + 𝐺𝐶,𝑡 + 𝐺𝐼,𝑡
𝐻 + 𝑋𝑡 + 𝑓𝑐𝐻 +  𝜇𝛬𝑡−1(𝜔̅𝑡)𝑅𝑡

𝐾𝑄𝑡−1𝑃𝑡−1𝐾𝑡/𝑃𝑡                              

Domestic retailers differentiate the goods that they purchase from entrepreneurs at a fixed cost: 𝑓𝑐𝐻 =

(𝐶𝐻 + 𝐶𝑒,𝐻 + 𝐼𝐻 + 𝐺𝐶 + 𝐺𝐼
𝐻 + 𝑋 + 𝜇𝛬(𝜔̅)𝑅𝐾𝑄𝐾/𝑃)(𝜇𝐻 − 1). Net output is then given by 

(34) 𝑌𝑡 = 𝑌𝑡
𝐻 − 𝑓𝑐𝐻 

Because all government debt is held by foreigners, the total external debt at period t is determined by the 

gross interest payments on the previous period’s external debt, foreign trade balance and remittances from 

abroad to the households (𝑇𝑓𝑟). Consequently, 

(35)        𝐵𝑡+1
𝐺 + 𝑆𝑡𝐵𝑡+1

𝐵,𝐹𝐶 = 𝑅𝑡−1
𝐺 𝐵𝑡

𝐺 + (𝑆𝑡𝑃𝑡
∗𝑀𝑡 − 𝑃𝑡

𝐻𝑋𝑡)+𝑅𝑡−1
𝐵,𝐹𝐶𝑆𝑡𝐵𝑡

𝐵,𝐹𝐶 − 𝑇𝑓𝑟 

where 𝑀𝑡 is the total volume of imports: 

(36)                      𝑀𝑡 = (𝐶𝑡
𝐹 + 𝐶𝑡

𝑒,𝐹 + 𝐼𝑡
𝐹 + 𝐺𝐼,𝑡

𝐹 ) + (𝜇𝐹 − 1)(𝐶𝐹 + 𝐶𝑒,𝐹 + 𝐼𝐹 + 𝐺𝐼
𝐹)  

Using Eq. (31) for 𝐵𝑡+1
𝐺  in Eq. (35), banking system external debt is found as 

(37)              𝑆𝑡𝐵𝑡+1
𝐵,𝐹𝐶 = 𝑅𝑡−1

𝐵,𝐹𝐶𝑆𝑡𝐵𝑡
𝐵,𝐹𝐶 + (𝑆𝑡𝑃𝑡

∗𝑀𝑡 − 𝑃𝑡
𝐻𝑋𝑡) + (𝑇𝑡

𝐺 − 𝑃𝑡
𝐻𝐺𝐶𝑡 − 𝑃𝑡

𝐼𝐺𝐼,𝑡) − 𝑇𝑓𝑟 
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Finally, the domestic financial market equilibrium is given by 

(38) 𝐷𝑡+1 = 𝐿𝑡+1 − 𝑆𝑡𝐵𝑡+1
𝐵,𝐹𝐶

  

III Shocks and Transmission Channels 

III.1 Shocks 

We consider two exogenous shocks to the economy that follow AR(1) processes. The first one is a shock 

to the foreign risk free rate: 

(39) 𝑅𝑡
∗ − 𝑅∗ = 𝜌𝑅∗(𝑅𝑡−1

∗ − 𝑅∗) + 𝜀𝑡
𝑅∗

 

As emphasized in the introduction, exogenous country spread shocks are important for explaining business 

cycles in EEs. So, as a second shock we consider the following spread shock: 

(40) 𝑠𝑡
𝑝𝑟

− 𝑠𝑝𝑟 = 𝜌𝑠𝑝𝑟(𝑠𝑡−1
𝑝𝑟

− 𝑠𝑝𝑟) + 𝜀𝑡
𝑠𝑝𝑟

 

where 𝜀𝑡
𝑅∗

 and 𝜀𝑡
𝑠𝑝𝑟

 are shock terms. Their standard deviations are 𝜎𝑅∗ and 𝜎𝑠𝑝𝑟. The autoregressive 

coefficients are shown by 𝜌𝑅∗ and 𝜌𝑠𝑝𝑟. From Eq. (19), the sovereign spread is given by 

𝐸𝑡[(1 + 𝑠𝑡
𝑝𝑟

)/(1 − 𝑝𝑟𝑡+1𝑑ℎ𝑐)]. Thus, absent the spread shock, sovereign spread is endogenously 

determined in the model through the probability of sovereign default. This exogenous shock then amounts 

to a shift in the perception of creditors for an EE despite there is no change in its economic fundamentals. 

Such shifts can stem, for example, due to a financial crisis in another EE -the contagion effect-, or arise due 

to unexpected announcements in financial centers -the news effect-. 

III.2 Transmission Channels of Shocks 

Shocks to 𝑅𝑡
∗ and 𝑠𝑡

𝑝𝑟
 spill over to the economy through two main channels: upsurge the probability of 

sovereign default and depreciate the domestic currency (a rise in 𝑆𝑡). These channels are not independent; 

they reinforce each other. 
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Following the shocks, the probability of sovereign default (Eq.(32)) increases due to a rise in the 

government borrowing rates (Eqs. (19-20)) as well as government debt (Eq. (31)), and the depreciation of 

domestic currency. The elevated probability of sovereign default, in turn, affects the economy through three 

channels. First, it increases sovereign spreads by raising government borrowing costs and then soars the 

government debt, which causes a further rise in the sovereign risk, and so on (Eqs. (32, 19-20, 31, and again 

32)). This is the only channel in the literature on debt limit summarized in Section I.  

Second, an increase in the default risk is transmitted to the rest of the economy through an upsurge in the 

foreign funding cost of the banking sector (Eq. (21)). A rise in the banking funding costs triggers the 

financial accelerator mechanism to operate via a rise in the banking sector lending rate (Eqs. (18 and 7)), 

and the cut-off value of the idiosyncratic productivity shock (Eq. (6)), a reduction in the expected return of 

the entrepreneur (Eq. (8)) and his/her net worth (Eqs. (10-11)), a further rise in his/her borrowing rate, and 

so on. 

The third transmission channel strengthens the financial accelerator mechanism. As explained in the 

introduction, the survival rates of firms and the uncertainty of the quality of entrepreneurs’ projects are 

affected by financial distress caused by a rise in the sovereign default risk. Consequently, the model 

presented in Section II is amended to allow the government default risk to affect the standard deviation of 

the idiosyncratic shock faced by each entrepreneur: 

(41) 𝜎𝑡 = 𝜎 ∗ 𝑒𝑥𝑝[𝑎𝜎(𝐸𝑡𝑝𝑟𝑡+1 − 𝑝𝑟)] 

and the rate at which entrepreneurs leave the market: 

(42) 𝑣𝑡 = 𝑣 ∗ 𝑒𝑥𝑝[𝑎𝑣(𝐸𝑡𝑝𝑟𝑡+1 − 𝑝𝑟)] 

where 𝑎𝜎 > 0, 𝑎𝑣 > 0, 𝜎, and 𝑣 denote the steady state values of 𝜎𝑡 and 𝑣𝑡. Thus, an increase in the 

sovereign default risk raises 𝜎𝑡 and 𝑣𝑡, leading to a decline in the net worth of the entrepreneur. This triggers 

the financial accelerator mechanism to work as explained above. 
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To clarify the second main channel –the depreciation channel- rewrite Eq. (18) to obtain 𝑆𝑡 and use Eqs. 

(19-21) to substitute-out for 𝑅𝑡
𝐵,𝐹𝐶

: 𝑆𝑡 = 𝐸𝑡 {(𝑐𝑟𝑝𝑡𝑅𝑡
∗(1 + 𝑠𝑡

𝑝𝑟
)/𝑅𝑡

𝐶𝐵)(1/(1 − 𝑝𝑟𝑡+1𝑑ℎ𝑐))
𝜓

𝑆𝑡+1}. On the 

one hand shocks to 𝑅𝑡
∗ and 𝑠𝑡

𝑝𝑟
 cause depreciation, on the other hand the central bank responds to the 

depreciation and inflation by increasing its policy rate (𝑅𝑡
𝐶𝐵). The expected exchange rate for the next period 

soars as well. Net result is a rise in 𝑆𝑡 . These developments trigger a series of effects. First, an increase in 

𝑅𝑡
𝐶𝐵 leads to a rise in the banking sector funding costs and its lending rates (Eqs. (18 and 7)), cut-off value 

of the idiosyncratic productivity shock (Eq. (6)), and a decline in the net worth of the entrepreneur (Eqs. 

(10-11)). Second, since entrepreneurs borrow from banks both in domestic and foreign currencies at the 

same time (Eq. (5)), the depreciation leads to a rise in domestic currency value of the total liabilities of 

entrepreneurs to the banking sector. This further reduces their net worth. Third, the depreciation of domestic 

currency increases the wholesale domestic currency price of imported goods (Eq. (22)). This further raises 

the imported goods retail prices, the consumer price level, the investment price level, wholesale prices. 

Fourth, all these reactions cause investment and consumption to decline and exports to increase. Net effect 

is a decline in output. Due to these developments, the sovereign default risk increases. 

IV Calibration of Parameters and Shock Processes  

We calibrate the parameters of the model following the previous research and using observed values for 

the Turkish economy to match the fluctuations of the Turkish economy in the 2002Q1-2016Q2 period.20 

Table 1 documents the calibrated parameters. 

 

 

 

 

 

 

 

 

20
 The Turkish Statistics Institute revised GDP data at the beginning of 2017 and has since then announced GDP data based on the new series. The 

revision significantly changed the debt-to-GDP ratios of the past. In order to calculate the sample moments of the data, we used the data known at 

the time and therefore the last observation of our sample is the second quarter of 2016. The first quarter of our sample marks the start of the floating 

exchange rate regime. The relevant data is provided in the online appendix to this article.  
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Table 1 Calibrated values        

Notes: The numbers in parentheses denote the alternative calibration values 

 

The parameters that are set according to the observed values of the relevant variables in the 2002Q1-

2016Q2 period are as follows: At the steady state, we fix the share of government consumption expenditures 

in GDP (𝐺𝐶/𝑌) at 0.107, the share of government investment expenditures in GDP (𝐺𝐼/𝑌) at 0.039, the 

export to GDP ratio  𝑋/𝑌 at 0.24, banking sector foreign debt-to-GDP ratio (𝑆𝐵𝑡+1
𝐵,𝐹𝐶/𝑃𝑌) at 0.80 (which 

Parameter    Value    Description 

𝑣𝑝𝑔 1 (0.7) elasticity of substitution between private and government consumption  

∅𝐶 0.8 (0.7) weight of private consumption in the composite good 

𝜚  1 inverse Frisch labor supply elasticity 

H 1/3 steady state labor hours 

ρ
x
  0.8 (0.5)          price elasticity of export demand  

ρ
c
  1 consumption intra-temporal substitution  

ρ
I
  0.25 investment intra-temporal substitution  

1-Ω 0.01 share of entrepreneurial labor hours in total labor hours 

μH=μF 1.15  retailers mark-up rate 

θ
H
=θ

F
 0.75 (0) probability of not adjusting prices 

𝛿 0.035 quarterly depreciation rate of private and government capital 

𝛼 0.40 capital intensity of domestic goods  

χ  3.63 (1) investment adjustment cost parameter 

𝜎 0.28 steady-state variance of the idiosyncratic shock 

𝜇 0.12 monitoring cost rate 

v 0.0272 steady-state exit rate 

aσ=aν 2 (0)            sensitivity of BGG parameters to the probability of default  

Ψ 1 (0.8) pass-through from sovereign risk to banking foreign funding cost  

ϕcrp 0.00015 elasticity of banks’ external borrowing premium with respect to debt ratio 

𝐵𝐹𝐶/Y 0.8      foreign-debt-to-output ratio of banks (quarterly) 

ρCB  0 .72         Taylor rule coefficient on lagged interest rate 

ρπ  1.54          Taylor rule coefficient on inflation 

ρY  0.02          Taylor rule coefficient on output gap 

ρS  0.17          Taylor rule coefficient on the rate of currency depreciation 

𝜏𝐶  0.113 consumption tax rate 

𝜏𝑊 0.148 labor income tax rate 

𝐺𝐶,𝑡 0.107 government consumption expenditures-to-output ratio 

𝐺𝐼,𝑡 0.039 government investment expenditures-to-output ratio 

𝜑𝐺 0.05 (0.1, 0) productivity of government capital 

𝜉𝐹𝐶 2 weight of foreign currency debt in total debt in the beta function 

𝛼𝐵𝐺 2.6 parameter of the beta function 

𝛽𝐵𝐺 2.4 parameter of the beta function 

𝑏𝑚𝑎𝑥
𝐺  11.29 maximum debt-to-output ratio in the beta function (quarterly) 

𝑑ℎ𝑐 0.35 haircut ratio (quarterly) 

X/Y 0.251      export-to-output ratio 

αmI 0.187 the share of imported goods in investment 

𝜌𝑅∗ 0.69 AR(1) coefficient of risk-free rate shock process 

𝑆𝐷(𝜀𝑡
𝑅∗

) 0.002 standard deviation of risk-free rate shock process 

R* 1.0025 quarterly foreign risk-free gross rate  

𝜌𝑠 0.77 AR(1) coefficient of spread shock process 

𝑆𝐷(𝜀𝑡
𝑠𝑝

) 0.01837 standard deviation of spread shock process 
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amounts to 20% of GDP in annual terms), the consumption tax rate 𝜏𝐶 at 0.113, and the labor income tax 

rate 𝜏𝑊 at 0.148. The share of imported goods in the investment goods composite 𝛼𝑚𝐼 is set to 0.187. In the 

same period, the average foreign currency debt share of government in its total debt was 35.6% and the 

average ratio of the foreign currency liabilities of the non-financial corporate sector in its total liabilities 

was 45.6%. Consequently, we set 𝛼𝐺,𝐹𝐶 = 0.356 and 𝛼𝐹𝐶 = 0.456.  We take the steady state value of the 

risk-free real foreign interest rate as 1.0025 (quarterly and gross). 

A number of the preference and technology parameters are derived from the steady state solution of the 

model to pin down key steady state ratios. 𝜎𝐻 is derived to set the steady state labor hours 𝐻 to 1/3. Since 

the time preference 𝛽 is the inverse of the steady state value of the gross deposit rate, it is determined by the 

steady state sovereign default probability, the foreign borrowing premium of banks, and the foreign 

quarterly foreign discount factor and calculated in the model. Following Sims and Wolf (2018), we choose 

the steady state value of productivity (𝐴) to be consistent with 𝐴𝐾𝐺
𝜑𝐺 = 1, given 𝜑𝐺. The share of imported 

goods in the consumption goods composite (𝛼𝑚𝐶) and foreign output (𝑌𝑡
∗) are also derived from the model. 

The rest of the preference and technology parameters are taken from the literature on Turkey and other 

EEs. In their study on Turkey, Alp and Elekdag (2013) fix most of their calibrated parameters as in GGN’s 

study on Korea. They set the inverse Frisch labor supply elasticity 𝜚 at 1, the intra-temporal elasticity of 

substitution for the consumption good 𝜌𝐶 at 1 and that of the investment good 𝜌𝐼 at 0.25, the share of 

entrepreneurial labor (1-𝛺) in total labor at 0.01, the retailers’ mark-up rates for domestic goods 𝜇𝐻 and 

foreign goods 𝜇𝐹  to 1.15, the capital intensity parameter of domestic goods 𝛼 to 0.40, and the depreciation 

rate 𝛿 at 0.035. They estimate the investment adjustment cost parameter 𝜒 as 3.63 (posterior mode). We use 

the same values for these parameters. GGN sets the price elasticity of the export demand equation (𝜌𝑋) at 

unity. Agenor et al. (2014) takes it as 0.7. We set 𝜌𝑋 to 0.80. Following GGN the Calvo parameters 

(probability of not adjusting prices for domestic goods 𝜃𝐻 and foreign goods 𝜃𝐹) are set at 0.75. The 

parameter that shows the degree of pass-through from sovereign risk to foreign funding costs of banks (𝜓) 
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is set to 1. ∅𝑐𝑟𝑝 (the elasticity parameter of the banking system external borrowing premium with respect to 

𝐵𝐹𝐶/𝑌) is taken as 0.00015. 

The steady state values of the parameters of the financial accelerator are set to standard values. At the 

steady state, as evident from Eqs. (41-42), 𝜎𝑡 = 𝜎 and 𝑣𝑡 = 𝑣.  Following BGG we fix the steady-state exit 

rate 𝑣 at 0.0272 and the steady-state variance of the log-normally distributed idiosyncratic shock faced by 

entrepreneurs 𝜎 at 0.28. Since 𝑎𝑣 and 𝑎𝜎  in are introduced in this paper, the literature does not provide 

guidance for their values. We proceed as follows: the elasticity of 𝑣𝑡 is calibrated such that the average life 

of entrepreneurs declines by approximately 10% at the maximum initial public debt level. Consequently, 

we set 𝑎𝑣 = 2. Similarly, we set 𝑎𝜎 = 2 to ensure that the variance of the idiosyncratic shock does not 

exceed its steady state value by more than 20%. The monitoring cost rate 𝜇 is fixed at 0.12 as in BGG. 

The parameters of the monetary policy reaction function are set at estimated values (posterior modes) of 

Alp and Elekdag (2013). Consequently, 𝜌𝐶𝐵 = 0.72, 𝜌𝜋 = 1.54, 𝜌𝑌 = 0.02, and 𝜌𝑆 = 0.17. Note that these 

values are close to values reported in Ortiz et al. (2009, Table 2.2) for Turkey. To our knowledge, in the 

literature, for EEs there are no values fixed for  ∅𝐶 (the weight of private consumption in 𝐶𝑡̂), 𝑣𝑝𝑔 (the 

elasticity of substitution between private and government consumption), and 𝜑𝐺  (a measure of the 

productivity of government capital). Sims and Wolf (2018) calibrate ∅𝐶 and 𝜑𝐺 and estimate 𝑣𝑝𝑔. Following 

them, we take ∅𝐶 =0.8 and 𝜑𝐺 = 0.05. We set 𝑣𝑝𝑔=1, which is among the alternative values of Sims and 

Wolf. This amounts to assuming an additively separable utility function. For a number of parameters for 

which the literature does not provide guidance or alternative values are used for Turkey or EEs we conduct 

robustness tests (Section VII). These parameters are as follows: 𝜌𝑋, 𝜃𝐻, 𝜃𝐹, 𝜓, 𝑎𝑣, 𝑎𝜎, 𝜑𝐺, and 𝑣𝑝𝑔. 

We follow the literature when parametrizing the shock processes. We take the quarterly real gross US 3-

month Treasury bill rate as the risk-free foreign interest rate.21 We then fit Eq. (39) to the Hodrick-Prescott 

 

21
 As in Chang and Fernandez (2013), the real gross rate is the 3-month Treasury bill rate divided by the average gross US inflation over the past 

four quarters. See the online appendix to this article. 
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(HP) de-trended data over the 1980Q1-2019Q1 period. The following parameter estimates are obtained: 

𝜌𝑅∗ = 0.69 and the 𝜎𝑅∗ = 0.002 (standard deviation of 𝜀𝑡
𝑅∗

). When Eq. (40) is fitted to the HP de-trended 

quarterly emerging market bond index (EMBI) spread of Turkey over the 1999Q2-2019Q2 period we obtain 

the following parameter estimates: 𝜌𝑠𝑝𝑟 = 0.77 and the 𝜎𝑠𝑝𝑟 = 0.0184 (standard deviation of 𝜀𝑡
𝑠𝑝𝑟

).22 

Finally, for the parameters of the probability of sovereign default function, we follow Corsetti et al. 

(2013), and Çufadar and Özatay (2017). Corsetti et al. (2013) use the relation between 5-year sovereign 

CDS spreads as of May 6, 2011 and forecasts for gross general government debt ratio for end-2011 for a 

number of EU countries plus the U.S whereas Çufadar and Özatay (2017) specify the link between EMBI 

spreads as of January 1, 2002 and government debt ratio for end-2002 for a number of EEs.  

Fig. 1. Sovereign risk premium (EMBI spread in basis points –bps.) and domestic currency plus two times the foreign currency public debt as percent 

of GDP. Left panel: Argentinean 2001 default episode. Right panel: Argentinean 2001 and Russian 1998 default episodes. 
Notes: The curved lines indicate the fitted spreads (projected values are not shown). Left panel: EMBI spreads are as of December 24, 2001, debt 

as percent of GDP are for end-2002. Countries: Argentina, Brazil, Bulgaria, Chile, Colombia, Ecuador, Egypt, Korea, Mexico, Morocco, Hungary, 

Panama, Peru, Philippines, Poland, Russia, South Africa, Thailand, and Turkey. Right panel: In addition to the data used in the left panel following 
data are included: EMBI spreads as of September 2, 1998 and debt as percent of GDP for end-1999 for Argentina, Brazil, Bulgaria, Colombia, 

Ecuador, Korea, Mexico, Morocco, Panama, Peru, Philippines, Poland, Russia, South Africa, Thailand, and Turkey. EMBI spreads: Bloomberg; 

Debt-to-GDP ratios: Article IV Consultation Reports of the IMF. Data is provided in the online appendix to this article. 

Fig. 1 (left panel) depicts the link between EMBI spreads as of December 24, 2001 -the date when the 

Argentinean government declared its intention to default- and government debt-to-GDP ratio and its 

currency composition for end-2002 for EEs. The right panel shows the same relation both for the December 

24, 2001 Argentinean and September 2, 1998 Russian default episodes.23 The solid lines indicate the fitted 

 

22
 EMBI spread data for Turkey starts at 1999Q2. Quarterly spread is calculated as (𝐸𝑀𝐵𝐼𝑇𝑅/104)0.25, where 𝐸𝑀𝐵𝐼𝑇𝑅 is the observed sovereign 

spread for Turkey in basis points. See the online appendix to this article. 
23

 Timing of the default episodes is discussed in the online appendix to this article. 
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spread when the parameters of the generalized beta distribution are as follows: 𝜉𝐹𝐶 = 2,  𝑏𝑚𝑎𝑥
𝐺 = 11.29 

(end-2002 value for Argentina), 𝛼𝐵𝐺 = 2.6, and 𝛽𝐵𝐺 = 2.4. The fifth parameter that underlines the plotted 

projections is the haircut ratio (𝑑ℎ𝑐). The average haircut ratio during the defaults of EEs is reported as 

33.6% by Panizza et al. (2009) and 37% by Cruces and Trebesch (2013). We set 𝑑ℎ𝑐 = 0.35.24 

V Matching Moments 

The average government debt-to-GDP ratio over the period 2002Q1-2016Q2 was 50% of GDP and the 

35.6% of the total debt was in foreign currency. Using these values, following Corsetti et al. (2013), we 

solve the non-linear model under perfect foresight, start the economy in the steady state and subject it at the 

beginning of the first period to shocks. We calibrate the initial innovations to the real foreign interest rate 

and spread shocks such that each innovation is equal to the standard deviation of the relevant shock and its 

persistence is as given in Section IV (for the subsequent periods each innovation takes the value of zero). 

Table 2 presents the empirical moments for output, private consumption, private investment, trade 

balance-to-output ratio, and the foreign borrowing rate of government for the Turkish economy over the 

period 2002Q1-2016Q2 together with the moments obtained from the model. In the data, the volatility of 

consumption is slightly above the volatility of output. The model matches the observed volatility of 

consumption, whereas it estimates the volatility of output equal to that of the consumption, and 

overestimates the volatility of investment. The estimated correlation of investment with output is close to 

the empirical correlation whereas the model predicts higher correlation between output and consumption. 

The literature on the business cycles in EEs has stressed the countercyclicality of both the trade balance-to-

 

24
 We investigate the determinants of spreads through cross-section regressions. Results indicate that the coefficient of foreign currency debt is 

approximately 2-3 times larger than that of the domestic currency debt, depending on the controls used. The expected total debt of Argentina for the 

end of 2002 was 164.2% of GDP and its foreign currency share was 71.7%. Based on these values, domestic currency plus two times of the foreign 

currency debt of Argentina was 281% of its GDP. Because the model is quarterly, in numerical solutions, we set 𝑏𝑚𝑎𝑥
𝐺 = 11.2926. Similarly, for 

quarterly frequency, 𝑑ℎ𝑐 = 0.0875. The details of the data and estimation results are provided in the online appendix to this article. No doubt that 

there are other factors that affect spreads as well. For example, Özatay et al. (2009), using daily data for a panel of 18 EEs for the 1997-2006 period, 

show that the long-run evolution of emerging market bond index (EMBI) spreads depends on global financial conditions, crises contagion and 
domestic fundamentals. They also demonstrate that short-run spreads respond substantially also to U.S. macroeconomic news and changes in the 

Federal Reserve’s target interest rates. Our spread shock variable aims at capturing contagion and news effects, whereas domestic fundamentals are 

covered by debt-to-output ratio and its currency composition. 
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output ratio and the real interest rate (see, for example, Aguiar and Gopinath, 2007; Fernandez and Gulan, 

2015). The model captures the countercyclicality of these variables. Consequently, the model’s performance 

is reasonably well in accounting for some of the main business cycle patterns in Turkey. 

Table 2. Business cycle moments 
 σ (observed) σ (model) 𝜌𝑌,𝑗 (observed) 𝜌𝑌,𝑗  (model) 

𝑌𝑡 2.31 (0.33) 2.65 (0.15) - - 

𝐶𝑡  2.62 (0.31) 2.66 (0.26) 0.76 (0.05) 0.96 (0.02) 

𝐼𝑡   7.14 (1.06) 8.61 (2.15) 0.69 (0.06) 0.75 (0.06) 

𝑇𝐵𝑡/𝑌𝑡 1.50 (0.15) 1.25 (0.22) -0.48 (0.13) -0.87 (0.04) 

𝑅𝑡
𝐺,𝐹𝐶

 0.30 (0.05) 0.49 (0.17) -0.41 (0.12) -0.52 (0.10) 

Notes: σ denotes standard deviation and 𝛒𝐘,𝐣 is the correlation coefficient of variable j with Yt. Standard deviations are expressed in percent. Values 

in parentheses are standard errors. Moments and their corresponding standard errors are computed using GMM. The sample for the observed 

variables is 2002Q1-2016Q2. The same number of observations is used to
 
obtain the model moments. TBt /Yt is the trade balance-to-output ratio. 

For the definition of the rest of the variables, see the text. For the observed moments, the quarterly rate of changes of Yt, Ct, and It and the first 

differences of the rest of the variables are used. For the model, the rate of changes and the first differences are calculated with respect to the steady 

state values. 

VI Derivation of Debt Limit and Fiscal Stimulus Debt Limit 

VI.1 Debt Limit 

Using the government debt accumulation equation -Eq. (31)- the debt-to-output ratio stabilizing primary 

surplus is given as 

(43) 𝑃𝑆𝐷𝑆,𝑡 = (𝑅𝑡−1
𝐺 −

𝑃𝑡𝑌𝑡

𝑃𝑡−1𝑌𝑡−1
) 𝐵𝑡

𝐺  

To derive the debt limit we proceed as follows:  

(i) Before the shocks, for each initial (steady state) debt-to-output ratio, we find the debt-to-output 

stabilizing primary surplus 𝑃𝑆𝐷𝑆 and check whether this necessitates a primary surplus that exceeds the 

maximum primary surplus level (𝑃𝑆̅̅̅̅ ). We set 𝑃𝑆̅̅̅̅  as 5.5% of output based on Escolano et al. (2014).25 The 

minimum debt ratio that satisfies this condition gives the steady-state debt limit (𝐷𝐿𝑆𝑆).  

 

25
 In Turkey, in the time period covered in this study, the maximum primary surplus-to-GDP ratio was registered in 2005 as 6%. The 2005-2006 

average was 5.7. See the online appendix to this article. 
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(ii) We subject 𝑅𝑡
∗ and 𝑠𝑡

𝑝𝑟
 to positive shocks and solve the nonlinear model under perfect foresight as 

discussed in Section V. If there is no fiscal stimulus 𝐺𝐶,𝑡, 𝐺𝐼,𝑡 and 𝑇2𝑡 remain at their steady state levels. 

However, 𝑇1𝑡 increases to prevent explosive debt dynamics and thus tax rates increase (see Section II.8). 

(iii) These recessionary shocks create a set of dynamic effects as discussed in Section III. Interest burden 

of the government rises due to these effects. We calculate the average (𝑃𝑆𝐷𝑆,𝑡) for the first four periods 

(quarters). We check at which initial debt ratio this average value of 𝑃𝑆𝐷𝑆,𝑡 exceeds 𝑃𝑆̅̅̅̅ . The minimum debt 

ratio at which this level is exceeded gives the tentative post-shock DL. 

(iv) We then check whether the average 𝑃𝑆𝐷𝑆,𝑡 of each four-quarter period follows a declining path for 

the five consecutive four-quarter periods. If yes, then DL is the level found at step iii. If not, we check 

whether in the previous debt ratio 𝑃𝑆𝐷𝑆,𝑡 < 𝑃𝑆̅̅̅̅ . If yes, then DL is this debt ratio. If not, we continue 

similarly.26 

VI.2 Fiscal Stimulus Debt Limit 

In the aftermath of the recessionary shocks, there are two alternative fiscal policies. First, the government 

can keep 𝐺𝐶,𝑡, 𝐺𝐼,𝑡, and 𝑇2𝑡 at their steady state levels (no action). Second, it can take three alternative fiscal 

stimulus measures: (i) increase 𝐺𝐼,𝑡; (ii) increase 𝐺𝐶,𝑡; (iii) decrease 𝑇2𝑡. Fiscal expansion is calibrated as 

an innovation to the relevant shock term (Eqs. 27 and 30). The magnitude of the shock for all of the 

alternatives is 1% of output. The persistence coefficient of each shock (the relevant autoregressive 

coefficient) is fixed to 0.85.27 This specification amounts to shocks of equal magnitude and equal persistence 

for each alternative and thus allows us to compare the efficiency of each instrument. For each type of fiscal 

 

26
 This way of calculating the debt limit is different from that of the literature on the debt limit that rests on three equations: standard government 

budget constraint, an arbitrage equation between the expected return on risky government debt and the risk-free rate, and a non-linear fiscal reaction 

function that reflects the fiscal fatigue concept. One then obtains an equation that reflects the joint endogeneity of the risk premium and the default 

probability. Solution of this ‘fixed point’ problem gives the debt limit. See, for example, Ghosh et al. (2013). 
27

 In the baseline case, which is discussed in the following section, the shock dies at the 34th period when its total impact reaches 1.66% of output. 

The impact at the end of the second year (8th quarter) is 1.22% and at the end of the third year is 1.43% of output. Horton et al. (2009) provide the 

fiscal stimulus measures announced by G-20 countries at the beginning of 2009. According to Table 2 of the appendix, the fiscal stimulus measure 

announced for Turkey was 0.8% of GDP for 2009 (exactly our amount) and 0.3 % of GDP for 2010.     
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policy and initial steady-state debt level, we calculate the net present value of output losses for the first 20 

(and alternatively for the first 8, 12, 16) quarters.28 The debt level at which the net present values of output 

losses obtained from the “no action” case and the “fiscal stimulus” case are equal gives FSDL. Beyond this 

level, fiscal stimulus leads to more output losses relative to the no fiscal response case. 

VII Results and Discussion 

VII.1 Baseline and Alternative Calibration for Fiscal Parameters 

The baseline simulation is based on the calibrated parameters and shock processes discussed in Section 

IV. Fig. 2 depicts the estimated debt-to-output ratio stabilizing primary surpluses both at the steady state 

(step i of Section VI.1) and after the shocks (step iv of Section VI.1) together with 𝑃𝑆̅̅̅̅  for the initial debt-

to-output ratios in the range of 0 to 67.5%. Notice that, given that the probability of sovereign default and 

the borrowing rate of the government are convex functions of public debt ratio, as the initial steady state 

debt ratio increases the debt-stabilizing primary surplus rises at an increasing rate. DL is the debt-to-output 

ratio where the after-shock debt stabilizing primary surplus-to-output ratio (the convex line) intersects the 

maximum affordable primary surplus-to-output ratio (the horizontal dots indicating 5.5% of output). 

Consequently, DL is 55% of output whereas 𝐷𝐿𝑆𝑆 is 68% of output. For the purpose of this study, DL is the 

relevant limit which we compare with FSDL. 29  

 

28
 The output loss of each quarter is with respect to the steady state. Output losses are discounted and their sum is calculated to yield the net present 

value of the output losses. In what follows, to save space, we present results for the shortest and the longest horizons. The online appendix provides 

the rest.  
29

 Pienkowsky (2017), with a different methodology, reports that the debt limit is 58% when the foreign currency denominated debt is half of the 

public debt and 98% when there is no foreign currency debt. The corresponding debt limits obtained from our model are 48% and 79%, respectively 

(see Table3). 
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Fig. 2. Debt-to-output ratio stabilizing primary surplus-to output ratio at each initial debt-to-output ratio. 

 

 

Fig. 3. Net present value of output in percentage points (pp.) for the first 20 quarters for the baseline case. 

 

We now turn to FSDL for the baseline case. Fig. 3 shows the net present value of output losses for the 

first 20 quarters for the “no response” and “investment stimulus” cases for each initial debt level when 

government investment is used as the fiscal instrument. Increasing government investment decreases output 

losses relative to the no response case up to 36% initial debt-to-output ratio (the dashed line which shows 

the fiscal stimulus case remains above the solid line which denotes the no response case). Both curves 
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intersect at the 36% initial debt ratio. According to our definition this is FSDL. There is a significant gap of 

19 percentage points (pp.) between DL and FSDL. If one considers only the first 8 quarters –the period in 

which the bulk of the fiscal stimulus (73% of the total) is given- DL is estimated as 44% of output. Still, the 

gap between DL and FSDL is high. Table 3 provides both limits for all instruments and two time periods –

the first 8 and 20 quarters. Note that there is a unique DL for all type of fiscal instruments, which is not the 

case for FSDL. The most output-friendly fiscal instrument is government investment. This is especially 

evident when one focuses on the 20-quarter period: FSDL for the government investment case is 9 pp. and 

20 pp. higher than that of the government consumption case and the tax stimulus case, respectively. 

 
Table 3. Fiscal stimulus debt limits (%) 

Type of fiscal stimulus: Investment Consumption Tax 

Number of periods for NPV: 8 20 8 20 8 20 

S1. Baseline (𝐷𝐿𝑆𝑆=68, DL=55) 44 36 43 27 32 16 

S2. More productive government capital (𝐷𝐿𝑆𝑆=68, DL=56) 50 46 43 27 32 16 

S3. Government capital is not in the production function (𝐷𝐿𝑆𝑆=68, DL=55) 37 22 43 27 32 16 

S4. Non-separable utility in private and government consumption 

(𝐷𝐿𝑆𝑆=68, DL=56) 

47 37 52 38 32 15 

S5. Higher weight of government consumption in the composite 

consumption good (𝐷𝐿𝑆𝑆=68, DL=55) 

44 36 43 27 32 16 

S6. Delayed tax increase to prevent explosive debt dynamics (𝐷𝐿𝑆𝑆=68, 
DL=56) 

47 35 46 26 36 15 

S7. Sovereign spread is not transmitted to entrepreneurs’ projects and 

survival rates (𝐷𝐿𝑆𝑆=68, DL=58) 

56 47 54 38 44 23 

S8. Less pass-through from sovereign spreads to banks (𝐷𝐿𝑆𝑆=68, DL=54) 45 37 44 29 34 17 

S9. Higher foreign currency share in government debt (50%) (𝐷𝐿𝑆𝑆=64, 

DL=48) 

36 29 35 23 26 13 

S10. Lower foreign currency share in government debt (10%) (𝐷𝐿𝑆𝑆=79, 
DL=69) 

DL 54 68 39 49 23 

S11. No price rigidity (𝐷𝐿𝑆𝑆=68, DL=53) 42 31 40 19 41 21 

S12. Less private investment rigidity (𝐷𝐿𝑆𝑆=64, DL=51) 36 32 36 26 25 15 

S13. Less export price elasticity (𝐷𝐿𝑆𝑆=64, DL=56)  42 34 44 28 30 15 

Notes: NPV denotes the net present value, 𝐷𝐿𝑆𝑆 is the steady-state debt limit, and DL is the debt limit (after the shocks). 

 

How sensitive are our results to the baseline calibration? To answer this question we conduct a number 

of exercises. First, we consider a more productive (𝜑𝐺 = 0.10) and an unproductive government capital 

(𝜑𝐺 = 0) cases. When government capital is more productive, FSDL increases to 50% and 46% of output 

for the 8 and 20 quarters horizon, respectively. Still, the gap between DL and FSDL is considerable (Table 

3; S2). If government capital is unproductive, increasing government consumption outperforms investment 
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as the most output friendly stimulus measure and the gap between the two limits increase considerably for 

the 20-quarter horizon (Table 3; S3). 

Second, when the utility is not additively separable and government consumption is a complement (𝑣𝑝𝑔 =

0.7), for the 20-quarter period there is no difference in FSDL achieved between expenditure based fiscal 

stimulus measures. However, for the shorter time horizon government consumption outperforms 

government investment in yielding a higher FSDL (Table 3; S4). Third, a higher government consumption 

weight in the consumption composite (1 − ∅𝐶 = 0.3) does not change the baseline results. In all of the 

cases, the worst performing fiscal stimulus policy is to decrease tax rates. Furthermore, FSDL is always 

lower than DL, and significantly so (Table 3; S5). 

What if the government delays the tax rate increase? As discussed in Section II.8, following the realization 

of the exogenous shocks the government increases distortionary tax rates to prevent explosive debt dynamics 

(Eqs. 28 and 29). In the baseline case, the maximum increase in each of the tax rates is 1.4 pp. (at the end 

of the 6th quarter) and 2.1. pp (again at the end of the 6th quarter) when no fiscal stimulus measure is taken 

and government investment is increased, respectively. We consider a delay of 8 quarters in which 𝜓𝑇1 = 0 

and increases to 0.073 afterwards (in the baseline it is 0.055 for all t). This policy slightly increases FSDL 

when the 8-quarter horizon is considered, however, then either lowers it in a limited fashion or leads to the 

same FSDL (Table 3; S6). Nonetheless, the necessary tax rate increase to ensure nonexplosive debt 

dynamics increases to 2.6 pp. and 4.7 pp. when no fiscal stimulus measure is taken and investment stimulus 

is taken, respectively (both are the maximum levels observed at the end of the 9th quarter).    

VII.2 Restricting Transmission Channels of Shocks 

First, we search the effects of eliminating the link between the sovereign risk and the variance of the 

shock to entrepreneurs’ projects and their exit rates: 𝑎𝑣 = 0 and 𝑎𝜎 = 0 (Table 3; S7). Now, DL increases 

by 3 pp. to 58% and for the 8-quarter period and for both of the expenditure-based stimulus FSDL reaches 

a level close to, but still remains under it. For the longest horizon (20 quarters) the gap between DL and 
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FSDL is considerable as in the baseline case. Second, we analyze the case when the impact of the sovereign 

risk on the foreign borrowing cost of the banks is less (𝜓 = 0.8).30 There is not a significant change 

compared to the baseline (Table 3; S8).    

Third, we investigate how the foreign currency debt of the government affects DL and FSDL. In the 

baseline case, the share of foreign currency denominated debt in total government debt is 35.6% which is 

the average value observed in our sample for Turkey. The maximum and minimum values are 50% and 

10%, respectively. When the foreign currency share is increased to 50% and the same shocks are applied, 

the impact on both of the debt limits is considerable. DL decreases to 48% - 7 pp. reduction relative to the 

baseline-, whereas FSDL for the government investment case declines to 36% for the 8-quarter period - 8 

pp. reduction compared to the baseline. For the longer horizon and other stimulus instruments, declines in 

both of the limits are similar (Table 3; S9). On the contrary and as expected, a rather limited foreign currency 

denomination – 10%- increases both of the debt limits significantly. Now, DL is 69%. Both for the 

consumption and investment stimuli, when one considers the 8-quarter horizon, the gap between the two 

limits ceases to exist. Nevertheless, for the 20-quarter and also for the 16 and 12-quarter horizons (not 

shown), there is still a considerable gap between DL and FSDL (Table 3; S10).  

VII.3 Further Robustness Checks 

Removing the price rigidity and monopolistic competition from the model yields a lower FSDL –

especially at the 20-quarter horizon- for both of the expenditure instruments (Table 3; S11). For all cases, 

the gaps between DL and FSDL are significant. Reducing the cost of investment adjustment parameter (𝜒 

=1) lowers FSDL (Table 3; S12). Even so, the differences from the baseline case are rather minor. We obtain 

similar results to the baseline case for a lower price elasticity of export demand (𝜌𝑋 = 0.5: Table 3; S13). 

 

30  This is the average correlation between sovereign and corporate spreads given in Durbin and NG (2005). Fernandez and Gulan (2015, Appendix 

Table 1) report a higher correlation for Turkey (0.88). 
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VII.4 Discussion 

First, as expected, the shocks reduce the steady state debt limit. Second, FSDL is significantly lower than 

DL for all types of fiscal instruments considered in this study. As emphasized in the introduction section, 

the fiscal space -calculated as the difference between DL and the current public debt ratio- does not provide 

any information regarding up to which debt level policymakers can take fiscal stimulus measures. Thus, 

when faced a recessionary external shock policymakers are clueless regarding their room for maneuver. The 

FSDL concept proposed in this study provides this information. This means that once this lower limit is hit, 

the remaining fiscal space cannot be used for additional fiscal stimulus. At this point, the only useful 

information that the conventionally calculated DL provides is how close a country is to a collapse. 

Third, the composition of fiscal stimulus is important. If fiscal policymakers can design a fiscal stimulus 

package that consists of productive investment and/or government consumption which is complementary to 

the private consumption, they can increase FSDL. For example, the FSDL difference between a fiscal 

stimulus based on unproductive government investment and productive investment is higher than FSDL 

itself under the unproductive case. Unless the government capital is not productive, an investment stimulus 

yields the most output-friendly results whereas tax stimulus is the worst performing fiscal instrument.  

The fourth result is related with so-called original sin problem of EEs. EEs that have considerable amount 

of foreign currency denominated debt are infamous for having low debt limit relative to advanced 

economies. Our study once again confirms this notorious feature of EEs by documenting that when the share 

of foreign currency denominated public debt is rather low, both DL and FSDL rise considerably. This mainly 

stems from the fact that the external shocks lead the domestic currency to depreciate. Nonetheless, in the 

absence of the external shocks -that is at the steady state- still there is a loss of room for maneuver. The 

main underlying reason is the close link between foreign currency public debt and the sovereign default 

risk. 

Fifth, when the transmission of the sovereign risk to the rest of the economy is considerably limited, FSDL 

rises. The underlying reason is that the rising debt as percent of output after the fiscal stimulus increases the 
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sovereign risk but falls short of affecting the rest of the economy. Thus, neglecting possible spillover 

channels of the sovereign risk to the economy can lead to overestimation of the room for maneuver for 

policymakers. 

Sixth, abstracting from the price rigidities or decreasing the investment rigidity lead even a larger gap 

between DL and FSDL for the two expenditure instruments. For the tax instruments, the gap is still large. 

Thus, the main factors effective on our results are the rigidities stemming from the sovereign risk and its 

spillover channels to the rest of the economy rather than the price rigidity.  

Seventh, delaying tax rise to set the stage for fiscal stimulus measures to be more effective on mitigating 

recessionary forces is fruitless. The underlying reason is that such a policy increases default risk by 

postponing the necessary measure to prevent the occurrence of explosive debt dynamics. 

 

 

Fig. 4. Government bonds are default free. Net present value of output in percentage points (pp.) for the first 20 quarters. 

 

To clarify further the relative importance of the sovereign default risk, consider an extreme case. Let the 

government bonds be default free. Fig. 4 depicts the net present value of output changes for the first 20 

quarters, for each initial debt-to-output ratio, both when government investment fiscal stimulus measure is 

taken and not taken. FSDL ceases to exist. This brings us to the eighth result. Our FSDL concept rests on 
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the importance of the mutual relation between the sovereign default risk and the public debt ratio. If this 

link does not exist at all, then the debt limit becomes the binding constraint. After the global financial crisis 

alternative financing mechanisms of public debt to expand fiscal space has intensified. One of the proposals 

is to issue GDP-linked bonds, which are free of sovereign default risk.31 Thus, if all the public debt is in the 

form of GDP-linked bonds, which is not a reasonable case at least for a foreseeable future, the fiscal stimulus 

debt limit concept will not be operative. 

IX Conclusion 

The debt limit is defined as the public debt-to-GDP ratio beyond which fiscal solvency is in doubt and 

thus financial markets stop lending to a sovereign. How far the current level of debt is from this limit, that 

is how large the fiscal space is, provides important information for the policymakers. However, when a 

country faces a recessionary shock, this information ceases to be useful regarding up to which point in the 

fiscal space policymakers can take fiscal stimulus measures. We argue that there is a threshold debt-to-GDP 

ratio beyond which fiscal stimulus leads to output losses as opposed to a no fiscal response case. We name 

this level as the fiscal stimulus debt limit. 

We apply this concept in a dynamic general equilibrium model. Various fiscal instruments, different 

currency compositions of debt, and various transmission channels of the sovereign risk to the economy are 

analyzed. We show that the fiscal stimulus debt limit is significantly lower than the debt limit and the gap 

between them varies depending upon the composition of the fiscal stimulus, the currency composition of 

the public debt, and the spillover channels at work. This means that in some cases while the conventionally 

estimated debt limit can give the impression that a country is far from losing access to the financial markets, 

in fact it may have no fiscal stimulus space to act and make use of the fiscal space conventionally estimated. 

 

31
 See, for example, Barr et al. (2014) and Kim and Ostry (2018). 
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Mind the Gap: Debt Limit and Fiscal Stimulus Debt Limit 

Online Appendix 

A. Equilibrium Conditions 

Households 

(A1) 𝐶𝑡
𝐻 = (1 − 𝛼𝑚𝑐)(𝑃𝑡

𝐻/𝑃𝑡)−𝜌𝑐𝐶𝑡 

(A2) 𝐶𝑡
𝐹 = 𝛼𝑚𝑐(𝑃𝑡

𝐹/𝑃𝑡)−𝜌𝑐𝐶𝑡 

(A3) 𝜆𝑡(1 + 𝜏𝑡
𝐶) = ∅𝐶𝐶𝑡

−1/𝑣𝑝𝑔/𝐶𝑡̂ 

(A4) 𝜆𝑡 = 𝛽𝐸𝑡(𝜆𝑡+1𝑅𝑡
𝐷/𝜋𝑡+1 ) 

(A5) 𝜆𝑡(1 − 𝜏𝑡
𝑊)𝑊𝑡/𝑃𝑡 = 𝜎𝐻𝐻𝑡

𝜚
 

(A6)   𝐶𝑡̂ = ∅𝐶𝐶𝑡

(𝑣𝑝𝑔−1)/𝑣𝑝𝑔 + (1 − ∅𝐶)𝐺𝐶,𝑡

(𝑣𝑝𝑔−1)/𝑣𝑝𝑔
 

Capital Producers 

(A7) 𝐼𝑡
𝐻 = (1 − 𝛼𝑚𝐼)(𝑃𝑡

𝐻/𝑃𝑡
𝐼)−𝜌𝐼𝐼𝑡  

(A8) 𝐼𝑡
𝐹 = 𝛼𝑚𝐼(𝑃𝑡

𝐹/𝑃𝑡
𝐼)−𝜌𝐼𝐼𝑡  

(A9) 𝐾𝑡+1 = (1 − 𝛿)𝐾𝑡 + {1 − (
𝜒

2
) [(

𝐼𝑡

𝐼𝑡−1
) − 1]

2
} 𝐼𝑡  

(A10)             
𝑃𝑡

𝐼

𝑃𝑡𝑄𝑡
= 1 −

𝜒

2
(

𝐼𝑡

𝐼𝑡−1
− 1)

2
− 𝜒 (

𝐼𝑡

𝐼𝑡−1
− 1)

𝐼𝑡

𝐼𝑡−1
+ 𝛽𝐸𝑡 [

𝜆𝑡+1𝑄𝑡+1

𝜆𝑡𝑄𝑡
] 𝜒 (

𝐼𝑡+1

𝐼𝑡
− 1) (

𝐼𝑡+1

𝐼𝑡
)

2
   

Entrepreneurs 

(A11) 𝐿𝑡+1 + 𝑁𝑡+1 = 𝑃𝑡𝑄𝑡𝐾𝑡+1  

(A12) 𝐿𝑡+1
𝐷𝐶 = (1 − 𝛼𝐹𝐶)𝐿𝑡+1  

(A13) 𝑆𝑡𝐿𝑡+1
𝐹𝐶 = 𝛼𝐹𝐶𝐿𝑡+1  

(A14) 𝐸𝑡{[𝛤𝑡(𝜔̅𝑡+1) − 𝜇𝛬𝑡(𝜔̅𝑡+1)]𝑅𝑡+1
𝐾 𝑃𝑡𝑄𝑡𝐾𝑡+1} = 𝑅𝑡

𝐶𝐿𝑡+1  

(A15)          𝐸𝑡 {[1 − 𝛤𝑡(𝜔̅𝑡+1)]
𝑅𝑡+1

𝐾

𝑅𝑡
𝐶 +

𝛤𝑡
′(𝜔̅𝑡+1)

𝛤𝑡
′(𝜔̅𝑡+1)−𝜇𝛬𝑡

′(𝜔̅𝑡+1)
[(𝛤𝑡(𝜔̅𝑡+1) − 𝜇𝛬𝑡(𝜔̅𝑡+1))

𝑅𝑡+1
𝐾

𝑅𝑡
𝐶 − 1]} = 0 

(A16) 𝑅𝑡
𝐶𝐿𝑡+1 = 𝑅𝑡

𝐶,𝐷𝐶𝐿𝑡+1
𝐷𝐶 + 𝑅𝑡

𝐶,𝐹𝐶𝑆𝑡+1𝐿𝑡+1
𝐹𝐶          

(A17) 𝜇𝛬(𝜔̅) = 𝜇 ∫ 𝜔𝑓(𝜔)𝑑𝜔
𝜔̅

0
; 𝑓(𝜔) is the pdf of 𝜔         

(A18) 𝜇𝛬′(𝜔̅) = 𝜇𝜔̅𝑓(𝜔̅) 

(A19) 𝛤(𝜔̅) = ∫ 𝜔𝑓(𝜔)𝑑𝜔
𝜔̅

0
+ 𝜔̅ ∫ 𝑓(𝜔)𝑑𝜔

∞

𝜔̅
 

(A20)      𝛤′(𝜔̅) = 1 − 𝐹(𝜔̅); 𝐹(𝑥) = 𝑃𝑟[𝜔 < 𝑥]  is a continuous probability distribution; 𝐹(0) = 0 
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(A21) 𝑁𝑡+1 = (1 − 𝑣𝑡)𝑉𝑡 + (1 − 𝜏𝑡
𝑤)𝑊𝑡

𝑒          

(A22) 𝑉𝑡 = 𝑅𝑡
𝐾𝑃𝑡−1𝑄𝑡−1𝐾𝑡 − 𝑅𝑡−1

𝐶 𝐿𝑡 − 𝜇𝛬𝑡−1(𝜔̅𝑡)𝑅𝑡
𝐾𝑃𝑡−1𝑄𝑡−1𝐾𝑡  

(A23) 𝜎𝑡 = 𝜎 ∗ 𝑒𝑥𝑝[𝑎𝜎(𝐸𝑡𝑝𝑟𝑡+1 − 𝑝𝑟)] 

(A24) 𝑣𝑡 = 𝑣 ∗ 𝑒𝑥𝑝[𝑎𝑣(𝐸𝑡𝑝𝑟𝑡+1 − 𝑝𝑟)] 

(A25) (1 + 𝜏𝑡
𝐶)𝐶𝑡

𝑒 = 𝑣𝑡𝑉𝑡/𝑃𝑡 

(A26) 𝐶𝑡
𝑒,𝐻 = (1 − 𝛼𝑚𝑐)(𝑃𝑡

𝐻/𝑃𝑡)−𝜌𝑐𝐶𝑡
𝑒 

(A27) 𝐶𝑡
𝑒,𝐹 = 𝛼𝑚𝑐(𝑃𝑡

𝐹/𝑃𝑡)−𝜌𝑐𝐶𝑡
𝑒 

(A28) 𝑌𝑡
𝐻 = 𝜔𝑡𝐴𝑡𝐾𝐺,𝑡

𝜑𝐺𝐾𝑡
𝛼[(𝐻𝑡)𝛺(𝐻𝑡

𝑒)1−𝛺]1−𝛼 

(A29) 𝐻𝑡
𝑒 = 1   

(A30) 𝐸𝑡𝑅𝑡+1
𝐾 = 𝐸𝑡 {𝜋𝑡+1 [

𝑃𝑡+1
𝑤

𝑃𝑡+1
𝛼

𝑌𝑡+1
𝐻

𝐾𝑡+1
+ 𝑄𝑡+1 −

𝑃𝑡+1
𝐼

𝑃𝑡+1
𝛿] /𝑄𝑡}  

(A31) 
𝑊𝑡

𝑒

𝑃𝑡
=

𝑃𝑡
𝑤

𝑃𝑡
(1 − 𝛼)(1 − 𝛺)

𝑌𝑡
𝐻

𝐻𝑡
𝑒    

(A32) 
𝑊𝑡

𝑃𝑡
=

𝑃𝑡
𝑤

𝑃𝑡
(1 − 𝛼)𝛺

𝑌𝑡
𝐻

𝐻𝑡
    

Retailers and Price Equations 

(A33) 
𝑃𝑡

𝐻

𝑃𝑡−1
𝐻 = (𝜇𝐻 𝑃𝑡

𝑊

𝑃𝑡
𝐻 )

𝜁𝐻

𝐸𝑡 (
𝑃𝑡+1

𝐻

𝑃𝑡
𝐻 )

𝛽

; 𝜁𝐻 =
(1−𝜃𝐻)(1−𝛽𝜃𝐻)

𝜃𝐻     

(A34)  
𝑃𝑡

𝐹

𝑃𝑡−1
𝐹 = (𝜇𝐹 𝑃𝑡

𝑊,𝐹

𝑃𝑡
𝐹 )

𝜁𝐹

𝐸𝑡 (
𝑃𝑡+1

𝐹

𝑃𝑡
𝐹 )

𝛽

; 𝜁𝐹 =
(1−𝜃𝐹)(1−𝛽𝜃𝐹)

𝜃𝐹    

(A35) 𝑃𝑡 = [(1 − 𝛼𝑚𝑐)(𝑃𝑡
𝐻)1−𝜌𝑐 + 𝛼𝑚𝑐(𝑃𝑡

𝐹)1−𝜌𝑐]
1

1−𝜌𝑐  

(A36) 𝑃𝑡
𝐼 = [(1 − 𝛼𝑚𝐼)(𝑃𝑡

𝐻)1−𝜌𝐼 + 𝛼𝑚𝐼(𝑃𝑡
𝐹)1−𝜌𝐼]

1

1−𝜌𝐼  

(A37) 𝜋𝑡+1 = 𝑃𝑡+1/𝑃𝑡 

Banks 

(A38) 𝑅𝑡
𝐶 = 𝐸𝑡(𝑅𝑡

𝐵,𝐹𝐶𝑆𝑡+1/𝑆𝑡)    

(A39) 𝑅𝑡
𝐷 = 𝑅𝑡

𝐶𝐵     

(A40) 𝑅𝑡
𝐶 = 𝑅𝑡

𝐷     

(A41) 𝑅𝑡
𝐶,𝐷𝐶 = 𝑅𝑡

𝐷     

(A42) 𝑅𝑡
𝐶,𝐹𝐶 = 𝑅𝑡

𝐵,𝐹𝐶
     

Foreign Creditors 

(A43)    𝑅𝑡
∗(1 + 𝑠𝑡

𝑝𝑟
) = 𝐸𝑡[(1 − 𝑝𝑟𝑡+1)𝑅𝑡

𝐺,𝐹𝐶+𝑝𝑟𝑡+1(1 − 𝑑ℎ𝑐)𝑅𝑡
𝐺,𝐹𝐶]   

(A44)          𝑅𝑡
∗(1 + 𝑠𝑡

𝑝𝑟
) = 𝐸𝑡 [(1 − 𝑝𝑟𝑡+1)𝑅𝑡

𝐺,𝐷𝐶 𝑆𝑡

𝑆𝑡+1
+𝑝𝑟𝑡+1(1 − 𝑑ℎ𝑐)𝑅𝑡

𝐺,𝐷𝐶 𝑆𝑡

𝑆𝑡+1
]         
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(A45)        𝑅𝑡
𝐵,𝐹𝐶 = 𝑐𝑟𝑝𝑡(𝑅𝑡

𝐺,𝐹𝐶)
𝜓

(𝑅𝑡
∗(1 + 𝑠𝑡

𝑝𝑟
))

1−𝜓
= 𝑐𝑟𝑝𝑡  𝑅𝑡

∗(1 + 𝑠𝑡
𝑝𝑟

)𝐸𝑡 (
1

1−𝑝𝑟𝑡+1𝑑ℎ𝑐
)

𝜓
 

(A46) 𝑐𝑟𝑝𝑡 = 𝑒𝑥𝑝[∅𝑐𝑟𝑝𝑆𝐵𝑡+1
𝐵,𝐹𝐶/𝑃𝑌] 

(A47) 𝑃𝑡
𝑊,𝐹 = 𝑆𝑡𝑃𝑡

∗  

(A48) 𝑋𝑡 = [
𝑃𝑡

𝐻

𝑆𝑡𝑃𝑡
∗]

−𝜌𝑋

𝑌𝑡
∗  

Fiscal Policy 

(A49)      𝐾𝐺,𝑡+1 = 𝐺𝐼,𝑡 + (1 − 𝛿)𝐾𝐺,𝑡 

(A50)                𝑇𝑡
𝐺 = 𝑇𝐿

𝐺 + 𝜏𝑡
𝑊(𝑊𝑡𝐻𝑡 + 𝑊𝑡

𝑒𝐻𝑡
𝑒) +  𝜏𝑡

𝐶𝑃𝑡(𝐶𝑡 + 𝐶𝑡
𝑒)  

(A51)             𝑇𝐿
𝐺 = [𝐺𝐶 + 𝐺𝐼 + (𝑅𝐺 − 1)𝐵𝐺] − [𝜏𝑤(𝑊𝐻 + 𝑊𝑒𝐻𝑒) + 𝜏𝐶(𝐶 + 𝐶𝑒)] 

(A52)          𝐺𝑗,𝑡 − 𝐺𝑗 = 𝜌𝐺𝑗(𝐺𝑗,𝑡−1 − 𝐺𝑗) + 𝜀𝑡
𝐺𝑗

; 𝑗 = 𝐶, 𝐼 

(A53)    𝜏𝑡
𝑗

= 𝜏𝑗 +
𝑇1𝑡+𝑇2𝑡

𝑊𝑡𝐻𝑡+𝑊𝑡
𝑒𝐻𝑡

𝑒+𝑃𝑡(𝐶𝑡+𝐶𝑡
𝑒)

; 𝑗 = 𝑐, 𝑤 

(A54) 𝑇1𝑡 = 𝜓𝑇1 (
𝐵𝑡+1

𝐺

𝑃𝑡𝑌𝑡
−

𝐵𝐺

𝑌
) 

(A55) 𝑇2𝑡 = 𝜌𝜏𝑇2𝑡−1 − 𝜀𝑡
𝑇2 

(A56) 𝐵𝑡+1
𝐺 = 𝑅𝑡−1

𝐺 𝐵𝑡
𝐺 + 𝑃𝑡

𝐻𝐺𝐶,𝑡 + 𝑃𝑡
𝐼𝐺𝐼,𝑡 − 𝑇𝑡

𝐺 

(A57) 𝐵𝑡+1
𝐺,𝐷𝐶 = (1 − 𝛼𝐺,𝐹𝐶)𝐵𝑡+1

𝐺   

(A58) 𝑆𝑡𝐵𝑡+1
𝐺,𝐹𝐶 = 𝛼𝐺,𝐹𝐶𝐵𝑡+1

𝐺   

(A59)  𝑃𝑡
𝐼𝐺𝐼,𝑡 = 𝑃𝑡

𝐻𝐺𝐼,𝑡
𝐻 + 𝑃𝑡

𝐹𝐺𝐼,𝑡
𝐹  

(A60) 𝐺𝐼,𝑡
𝐻 = (1 − 𝛼𝑚𝐼)(𝑃𝑡

𝐻/𝑃𝑡
𝐼)−𝜌𝐼𝐺𝐼,𝑡 

(A61)              𝐺𝐼,𝑡
𝐹 = 𝛼𝑚𝐼(𝑃𝑡

𝐹/𝑃𝑡
𝐼)−𝜌𝐼𝐺𝐼,𝑡 

(A62) 𝐸𝑡𝑝𝑟𝑡+1 = 𝐹𝑏𝑒𝑡𝑎 (
(𝐵𝑡+1

𝐺,𝐷𝐶+𝜉𝐹𝐶𝑆𝑡𝐵𝑡+1
𝐺,𝐹𝐶)/(𝑃𝑡𝑌𝑡)

𝑏𝑚𝑎𝑥
𝐺 ;  𝛼𝐵𝐺  , 𝛽𝐵𝐺) 

(A63) 𝑃𝑆𝑡 = (𝑇𝑡
𝐺 − 𝑃𝑡

𝐻𝐺𝐶𝑡 − 𝑃𝑡
𝐼𝐺𝐼,𝑡) 

(A64) 𝑃𝑆𝐷𝑆,𝑡 = (𝑅𝑡−1
𝐺 −

𝑃𝑡𝑌𝑡

𝑃𝑡−1𝑌𝑡−1
) 𝐵𝑡

𝐺  

(A65)    𝑅𝑡−1
𝐺 = (1 − 𝛼𝐺,𝐹𝐶)𝑅𝑡−1

𝐺,𝐷𝐶 + 𝛼𝐺,𝐹𝐶(𝑆𝑡/𝑆𝑡−1)𝑅𝑡−1
𝐺,𝐹𝐶

 

Monetary Policy 

(A66) 𝑅𝑡
𝐶𝐵/𝑅𝐶𝐵 = (𝑅𝑡−1

𝐶𝐵 /𝑅𝐶𝐵)
𝜌𝐶𝐵[(𝜋𝑡/𝜋)𝜌𝜋(𝑌𝑡/𝑌)𝜌𝑌(𝑆𝑡/𝑆𝑡−1)𝜌𝑆]1−𝜌𝐶𝐵 

Market clearing and equilibrium 

(A67)       𝑌𝑡
𝐻 = 𝐶𝑡

𝐻 + 𝐶𝑡
𝑒,𝐻 + 𝐼𝑡

𝐻 + 𝐺𝐶,𝑡 + 𝐺𝐼,𝑡
𝐻 + 𝑋𝑡 + 𝑓𝑐𝐻 +  𝜇𝛬𝑡−1(𝜔̅𝑡)𝑅𝑡

𝐾𝑄𝑡−1𝑃𝑡−1𝐾𝑡/𝑃𝑡  
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(A68)               𝑓𝑐𝐻 = (𝐶𝐻 + 𝐶𝑒,𝐻 + 𝐼𝐻 + 𝐺𝐶 + 𝐺𝐼
𝐻 + 𝑋 + 𝜇𝛬(𝜔̅)𝑅𝐾𝑄𝐾/𝑃)(𝜇𝐻 − 1) 

(A69) 𝑌𝑡 = 𝑌𝑡
𝐻 − 𝑓𝑐𝐻  

(A70)                     𝑀𝑡 = (𝐶𝑡
𝐹 + 𝐶𝑡

𝑒,𝐹 + 𝐼𝑡
𝐹 + 𝐺𝐼,𝑡

𝐹 ) + (𝜇𝐹 − 1)(𝐶𝐹 + 𝐶𝑒,𝐹 + 𝐼𝐹 + 𝐺𝐼
𝐹) 

(A71)        𝑆𝑡𝐵𝑡+1
𝐵,𝐹𝐶 = 𝑅𝑡−1

𝐵,𝐹𝐶𝑆𝑡𝐵𝑡
𝐵,𝐹𝐶 + (𝑆𝑡𝑃𝑡

∗𝑀𝑡 − 𝑃𝑡
𝐻𝑋𝑡) + (𝑇𝑡

𝐺 − 𝑃𝑡
𝐻𝐺𝐶𝑡 − 𝑃𝑡

𝐼𝐺𝐼,𝑡) − 𝑇𝑓𝑟 

(A72)                𝑇𝑓𝑟 = (𝑅𝐵,𝐹𝐶 − 1)𝐵𝐹𝐶 + (𝑅𝐺,𝐷𝐶 − 1)𝐵𝐺,𝐷𝐶 + (𝑅𝐺,𝐹𝐶 − 1)𝐵𝐺,𝐹𝐶  

(A73) 𝐷𝑡+1 = 𝐿𝑡+1 − 𝑆𝑡𝐵𝑡+1
𝐵,𝐹𝐶

  

Shocks 

(A74) 𝑅𝑡
∗ − 𝑅∗ = 𝜌𝑅∗(𝑅𝑡−1

∗ − 𝑅∗) + 𝜀𝑡
𝑅∗

 

(A75) 𝑠𝑡
𝑝𝑟

− 𝑠𝑝𝑟 = 𝜌𝑠𝑝𝑟(𝑠𝑡−1
𝑝𝑟

− 𝑠𝑝𝑟) + 𝜀𝑡
𝑠𝑝𝑟

 

 

B. Steady State Equations 

Households 

(B1) 𝐶𝐻 = (1 − 𝛼𝑚𝑐)𝐶 

(B2) 𝐶𝐹 = 𝛼𝑚𝑐𝐶 

(B3)           𝜆(1 + 𝜏𝐶) = ∅𝐶𝐶
−

1

𝑣𝑝𝑔/(∅𝐶𝐶
𝑣𝑝𝑔−1

𝑣𝑝𝑔 + (1 − ∅𝐶)𝐺𝐶

𝑣𝑝𝑔−1

𝑣𝑝𝑔 ) 

(B4) 1/𝛽 = 𝑅𝐷 

(B5) (1 − 𝜏𝑊)𝑊/𝑃 = 𝜎𝐻𝐻𝜚 

Capital Producers 

(B6) 𝐼𝐻 = (1 − 𝛼𝑚𝐼)𝐼  

(B7) 𝐼𝐹 = 𝛼𝑚𝐼𝐼  

(B8) 𝛿𝐾 = 𝐼  

(B9)  𝑄 = 1   

Entrepreneurs 

(B10) 𝐿 + 𝑁 = 𝐾  

(B11) 𝐿𝐷𝐶 = (1 − 𝛼𝐹𝐶)𝐿  

(B12) 𝐿𝐹𝐶 = 𝛼𝐹𝐶𝐿  

(B13) [𝛤(𝜔̅) − 𝜇𝛬(𝜔̅)]𝑅𝐾𝐾 = 𝑅𝐶𝐿  

(B14) [1 − 𝛤(𝜔̅)]𝑅𝐾/𝑅𝐶 +
𝛤′(𝜔̅)

𝛤′(𝜔̅)−𝜇𝛬′(𝜔̅)
([𝛤(𝜔̅) − 𝜇𝛬(𝜔̅)]𝑅𝐾/𝑅𝐶 − 1) = 0 

(B15) 𝑅𝐶𝐿 = 𝑅𝐶,𝐷𝐶𝐿𝐷𝐶 + 𝑅𝐶,𝐹𝐶𝐿𝐹𝐶         



42 

 

(B16) 𝜇𝛬(𝜔̅) = 𝜇 ∫ 𝜔𝑓(𝜔)𝑑𝜔
𝜔̅

0
; 𝑓(𝜔) is the pdf of 𝜔         

(B17) 𝜇𝛬′(𝜔̅) = 𝜇𝜔̅𝑓(𝜔̅) 

(B18) 𝛤(𝜔̅) = ∫ 𝜔𝑓(𝜔)𝑑𝜔
𝜔̅

0
+ 𝜔̅ ∫ 𝑓(𝜔)𝑑𝜔

∞

𝜔̅
 

(B19) 𝛤′(𝜔̅) = 1 − 𝐹(𝜔̅); 𝐹(𝑥) = 𝑃𝑟[𝜔 < 𝑥]  is a continuous probability distribution; 𝐹(0) = 0 

(B20) 𝑁 = (1 − 𝑣)𝑉 + 𝑊𝑒(1 − 𝜏𝑊)          

(B21) 𝑉 = 𝑅𝐾𝐾 − 𝑅𝐶𝐿 − 𝜇𝛬(𝜔̅)𝑅𝐾𝐾  

(B22) (1 + 𝜏𝐶)𝐶𝑒 = 𝑣𝑉 

(B23) 𝐶𝑒,𝐻 = (1 − 𝛼𝑚𝑐)𝐶𝑒 

(B24) 𝐶𝑒,𝐹 = 𝛼𝑚𝑐𝐶𝑒 

(B25) 𝑌𝐻 = 𝐾𝛼𝐻𝛺(1−𝛼)  

(B26) 𝐴𝐾𝐺
𝜑𝐺 = 1 

(B27) 𝐻𝑒 = 1   

(B28) 𝑅𝐾 =
𝛼𝑌𝐻

𝜇𝐻𝐾
+ 1 − 𝛿  

(B29) 𝑊𝑒 = (1 − 𝛼)(1 − 𝛺)
𝑌𝐻

𝜇𝐻    

(B30) 𝑊 = (1 − 𝛼)𝛺
𝑌𝐻

𝐻
    

Retailers and Price Equations 

(B31) 𝑃𝐻 = 1    

(B32)  𝑃𝐹 = 1  

(B33) 𝑃 = 1  

(B34)  𝑃𝐼 = 1   

(B35) 𝜋 = 1 

Banks 

(B36) 𝑅𝐶 = 𝑅𝐵,𝐹𝐶     

(B37) 𝑅𝐷 = 𝑅𝐶𝐵     

(B38) 𝑅𝐶 = 𝑅𝐷     

(B39) 𝑅𝐶,𝐷𝐶 = 𝑅𝐶 = 𝑅𝐷     

(B40) 𝑅𝐶,𝐹𝐶 = 𝑅𝐵,𝐹𝐶     

Foreign Creditors 

(B41) 𝑅∗ = (1 − 𝑝𝑟 ∗ 𝑑ℎ𝑐)𝑅𝐺,𝐹𝐶   

(B42) 𝑅∗ = (1 − 𝑝𝑟 ∗ 𝑑ℎ𝑐)𝑅𝐺,𝐷𝐶         
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(B43) 𝑅𝐵,𝐹𝐶 = 𝑐𝑟𝑝 ∗ (𝑅𝐺,𝐹𝐶)𝜓(𝑅∗)(1−𝜓) 

(B44) 𝑐𝑟𝑝 = 𝑒𝑥𝑝[∅𝑐𝑟𝑝𝐵𝐵,𝐹𝐶/𝑌] 

(B45) 𝑃𝑊,𝐹 = 1/𝜇𝐹  

(B46) 𝑋 = [1/𝜇𝐹]−𝜌𝑋𝑌∗  

Fiscal Policy 

(B47) 𝐵𝐺 = 𝑅𝐺𝐵𝐺 + 𝐺𝐶 + 𝐺𝐼 − 𝑇𝐺  

(B48) 𝐺𝐼
𝐻 = (1 − 𝛼𝑚𝐼)𝐺𝐼 

(B49) 𝐺𝐼
𝐹 = 𝛼𝑚𝐼𝐺𝐼 

(B50) 𝑅𝐺 = 𝑅𝐺,𝐷𝐶(1 − 𝛼𝐺,𝐹𝐶) + 𝑅𝐺,𝐹𝐶𝛼𝐺,𝐹𝐶  

(B51) 𝐵𝐺,𝐷𝐶 = (1 − 𝛼𝐺,𝐹𝐶)𝐵𝐺  

(B52) 𝐵𝐺,𝐹𝐶 = 𝛼𝐺,𝐹𝐶𝐵𝐺  

(B53)            𝑇𝐿
𝐺 = [𝐺𝐶 + 𝐺𝐼 + (𝑅𝐺 − 1)𝐵𝐺] − [𝜏𝑤(𝑊𝐻 + 𝑊𝑒𝐻𝑒) + 𝜏𝐶(𝐶 + 𝐶𝑒)] 

(B54) 𝑇𝐺 = [𝐺𝐶 + 𝐺𝐼 + (𝑅𝐺 − 1)𝐵𝐺] 

(B55) 𝑇1 = 0 

(B56) 𝑇2 = 0 

(B57) 𝛿𝐾𝐺 = 𝐺𝐼 

(B58) 𝑃𝑆 = 𝑇𝐺 − (𝐺𝐶 + 𝐺𝐼) 

(B59) 𝑃𝑆𝐷𝑆 = (𝑅𝐺 − 1)𝐵𝐺  

(B60)   𝑝𝑟 = 𝐹𝑏𝑒𝑡𝑎 (
(𝐵𝐺,𝐷𝐶+𝜉𝐹𝐶𝐵𝐺,𝐹𝐶)/𝑌

𝑏𝑚𝑎𝑥
𝐺 ;  𝛼𝐵𝐺  , 𝛽𝐵𝐺) 

Market clearing and equilibrium 

(B61)             𝑌𝐻 = 𝐶𝐻 + 𝐶𝑒,𝐻 + 𝐼𝐻 + 𝐺𝐶 + 𝐺𝐼 + 𝑋 + 𝜇𝛬(𝜔̅)𝑅𝐾𝐾 + 𝑓𝑐
𝐻 

(B62)            𝑓𝑐
𝐻 = (𝐶𝐻 + 𝐶𝑒,𝐻 + 𝐼𝐻 + 𝐺𝐶 + 𝐺𝐼 + 𝑋 + 𝜇𝛬(𝜔̅)𝑅𝐾𝐾)(𝜇𝐻 − 1) 

(B63) 𝑌 = 𝑌𝐻 − 𝑓𝑐
𝐻  

(B64) 𝑀 = 𝜇𝐹(𝐶𝐹 + 𝐶𝑒,𝐹 + 𝐼𝐹 + 𝐺𝐼
𝐹)  

(B65) 𝐵𝐵,𝐹𝐶 = 𝑅𝐵,𝐹𝐶𝐵𝐵,𝐹𝐶 + (𝑀/𝜇𝐹 − 𝑋) + (𝑇𝐺 − 𝐺𝐶 + 𝐺𝐼) − 𝑇𝑓𝑟 

(B66) 𝐷 = 𝐿 − 𝐵𝐵,𝐹𝐶  

where, 𝛼𝑚𝑐, 𝜏, 𝛽, 𝑌∗, 𝑏 are find from the steady state solution of the model and 𝑆 = 1; 𝑃∗ = 1      
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C. Algorithm for Finding Steady State Values 

(C1) The model is solved for different initial values of government debt-to-output ratio and its foreign 

currency share. Thus 𝐵𝐺/𝑌 and 𝛼𝐺,𝐹𝐶 as well as 𝐵𝐺,𝐷𝐶/𝑌 and 𝐵𝐺,𝐹𝐶/𝑌 are given (𝑆 =1). 

(C2) One obtains 𝑝𝑟 from (B60). 

(C3) Taking 𝑅∗ = 1.0025 (quarterly), (B41-B42) yields 𝑅𝐺,𝐹𝐶 and 𝑅𝐺,𝐷𝐶. (B50) gives 𝑅𝐺. 

(C4) Since 𝐵𝐵,𝐹𝐶/𝑌 is calibrated one obtains 𝑅𝐵,𝐹𝐶 from (B43-B44). 

(C5) This yields 𝑅𝐶, 𝑅𝐶,𝐷𝐶, and 𝑅𝐶,𝐹𝐶 (B36, B39-B40) and also 𝑅𝐷 and 𝑅𝐶𝐵 (B38, B37). 

(C6) One obtains 𝛽 from (B4). 

(C7) Numerical derivation of the optimal cut-off value 𝜔̅: 

a. Derive 𝑅𝐾/𝑅𝐶 from (B14), which is a function of 𝜔̅. 

b. Divide both sides of (B10) and (B13) by 𝑁 and find 𝐾/𝑁 as a function of  𝑅𝐾/𝑅𝐶  and 𝜔̅, thus only a 

function of 𝜔̅. Name this as (𝐾/𝑁)1. 

c. Divide both sides of (B20) by 𝐾 and derive 𝐾/𝑁 as a function of 𝑉/𝐾 and 𝑊𝑒/𝐾. Call this as (𝐾/𝑁)2. 

d. Divide both sides of (B29) by 𝐾 and  find 𝑊𝑒/𝐾 as a function of 𝑌𝐻/𝐾. Use (B28) to derive 𝑌𝐻/𝐾 as 

a function of 𝑅𝐾. Substitute these in (𝐾/𝑁)2. Thus now one has (𝐾/𝑁)2 as a function of 𝑉/𝐾 and 𝑅𝐾 . We 

have to derive 𝑉/𝐾 as a function of 𝑅𝐾.  

e. Use (B13) in (B21) which gives 𝑉/𝐾 as a function of 𝑅𝐾/𝑅𝐶 as well as a function of 𝑅𝐾 since we know 

𝑅𝐶. Use this in (𝐾/𝑁)2.  

f. So far we obtained two equations for 𝐾/𝑁 only a function of 𝜔̅. 

g. Use an initial value for 𝜔̅ to initiate an iterative process that ends when (𝐾/𝑁)1 = (𝐾/𝑁)2. This yields 

the optimal value for 𝜔̅. 

(C8) Using 𝜔̅ in (B16, B17, B18, and B19) yields 𝛬(𝜔̅), 𝛬′(𝜔̅), 𝛤(𝜔̅), and 𝛤′(𝜔̅). 

(C9) 𝑅𝐾/𝑅𝐶 and thus 𝑅𝐾 are derived from (B14). Using this in step b of (C7) yields 𝐾/𝑁. 

(C10) One now has 𝑌𝐻/𝐾  from (B28).     

(C11) One now has monitoring cost divided by 𝑌𝐻 : 𝜇𝛬(𝜔̅)𝑅𝐾𝐾/𝑌𝐻. 

(C12) 𝐼/𝑌𝐻 is obtained from (B8), which gives 𝐼𝐻/𝑌𝐻 and 𝐼𝐹/𝑌𝐻 from (B6, B7) 

(C13) 𝑁/𝐾 ∗ 𝐾/𝑌𝐻 gives 𝑁/𝑌𝐻. 

(C14) Equations (B10, B11, and B12) yields 𝐿/𝑌𝐻, 𝐿𝐷𝐶/𝑌𝐻, and 𝐿𝐹𝐶/𝑌𝐻. 

(C15) Obtain 𝑊𝑒/𝑌𝐻 from (B29). 

(C16) Use step (C11), /𝑌𝐻 ,  𝐿/𝑌𝐻, 𝑅𝐾, and 𝑅𝐶  in (B21) for 𝑉/𝑌𝐻 . 

(C17) Find 𝐷/𝑌𝐻 from (B66). 
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(C18) Foreign trade is balanced at the steady state: 𝑀/𝜇𝐹 = 𝑋. Since 𝑋/𝑌 is given one obtains 𝑀/𝑌. 

(C19) 𝐻 =1/3. Step (C10) provides one equation for 𝑌𝐻/𝐾. The second one is (B25). These two equations 

give 𝑌𝐻 and 𝐾. 

(C20) Use these values in steps given above to obtain the monitoring cost, 

𝐼𝐻 , 𝐼, 𝐼𝐹 , 𝑁, 𝐿, 𝐿𝐷𝐶 , 𝐿𝐹𝐶 , 𝑊𝑒 , 𝑉, 𝑊𝑒 , 𝐷, 𝑀, 𝑋.   

(C21) Derive 𝐶𝑒 from (B22). 

(C22) Add (B61, B62) and (B64). This will yield 𝐶 +  𝐶𝑒 and since 𝐶𝑒 is known, one obtains 𝐶. 

(C23) Use (B2) for 𝐶𝐹 and (B24) for 𝐶𝑒,𝐹 in imports equation (B64) to obtain 𝛼𝑚𝑐. Using this value in 

(B1) gives 𝐶𝐻 and in (B2) yields 𝐶𝐹. Similarly (B23) gives 𝐶𝑒,𝐻and (B24) 𝐶𝑒,𝐹 . 

(C24) Find 𝑊 from (B30). 

(C25) Since 𝑋 is known, 𝑌∗ is derived from (B46). 

(C26) Obtain 𝑌 from (B63). 

(C27) Since 𝐺𝐶/𝑌 and 𝐺𝐼/𝑌 are given obtain 𝐺𝐶 and 𝐺𝐼. (B48) and (B49) give 𝐺𝐼
𝐻and 𝐺𝐼

𝐹. Find 𝐾𝐺 from 

(B57). Use (B26) to derive A.  

(C28) Using initial values for various debt ratios derive 𝐵𝐵,𝐹𝐶 , 𝐵𝐺,𝐷𝐶 , 𝐵𝐺,𝐹𝐶 , 𝐵𝐺 .  

(C29) Find 𝑇𝐿
𝐺 from (B53) and  𝑇𝐺 from (B54). Use this value in (B58) to obtain 𝑃𝑆. Find 𝑃𝑆𝐷𝑆 from 

(B59). 

(C30) Find 𝑇𝑓𝑟 from (B65). 

(C31) Using 𝑊 in (B5), find 𝜎𝐻. Derive 𝜆 from (B3). 

D. Probability of Default, Spread, and Debt-to-GDP Ratio 

Data used for drawing Panel A of Fig. 1 is given in Table A1, whereas Panel B of Fig. 1 is based on the 

data of Panel A and also the EMBI data as of September 2, 1998 -when the founder of the Long-Term 

Capital Management (LTCM) announced that LTCM lost 52% of its value following the Russian debt 

moratorium - and end-1999 debt data. Table A2 provides the data for this second episode. Table A3 shows 

results of some simple cross section regression to show the relation between sovereign spreads as measured 

by JP Morgan’s EMBI+ and debt-to-output ratio. 

E. GDP and its Components, Tax Rates, Share of Imported Investment Goods, Government and 

Banking Sector Debt 

The Turkish Statistics Institute revised GDP data at the beginning of 2017 and has since then announced 

GDP data based on the new series. The revision significantly changed the debt-to-GDP ratios of the past. 
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In order to calculate the sample moments of the data we used the data known at the time and therefore the 

last observation of our sample is the second quarter of 2016. The first quarter of our sample marks the 

start of the floating exchange rate regime. Relevant data are provided in the following tables.  

Table A4: Source: Turkey Data Monitor. Original source: Turkish Statistical Institute. 

Table A5: Source: Turkey Data Monitor. Original source: Turkish Statistical Institute. 

Table A6: Source: Turkey Data Monitor. Original source: Ministry of Treasury and Finance and 

Turkish Statistical Institute. 

Table A7: Source: 

EMBI: Bloomberg. 

Nominal US 3-month Treasury bill rate: Federal Reserve Bank of St. Louis (FRED) database; code: 

TB3MS. Quarterly average, not seasonally adjusted. It is converted to gross nominal rate. Annual 

consumer price inflation: FRED database; code: CPALTT01USQ659N. It is converted to gross inflation 

rate. Gross nominal interest rate divided by the gross inflation rate gives the real US 3-month bill rate 

(annual). This annual rate then converted to the quarterly real rate. 

Government foreign currency borrowing rate: As in Uribe and Yue (2006) and Fernandez and Gulan 

(2015) it is obtained as the product between EMBI spread for Turkey and the 3-month real US Treasury 

bill rate. 

 Tables A8 and A9: Source: Turkey Data Monitor. Original source: Ministry of Treasury and Finance 

and Turkish Statistical Institute. 
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Table A1. Data of Figure 1 (Panel A) 

 
Notes: BG/Y is public debt-to-GDP ratio, αG,FC is foreign currency share of public debt. ‘AIV’ stands for Article IV, ‘Txx’ denotes Table xx, IMF 
is the International Monetary Fund, ‘CRP’ denotes Country Report, ‘PIN’ is Public Information Notice, ‘WEO’ stands for World Economic 

Outlook database. Source of EMBI is Bloomberg; it is EMBI+.   

 
Table A2. Data of Figure 1 (Panel B) 

 

Notes: BG/Y is public debt-to-GDP ratio, αG,FC is foreign currency share of public debt. ‘AIV’ stands for Article IV, ‘Txx’ denotes Table xx, IMF 

is the International Monetary Fund, ‘CRP’ denotes Country Report, ‘PIN’ is Public Information Notice. Source of EMBI is Bloomberg; it is 

EMBI+. 
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Table A3 EMBI-Debt regressions  

Table 3 Debt limit and fiscal  stimulus debt limit (% output) 

   
 I II III IV V VI 

𝐵𝐺,𝐷𝐶/𝑌 -5.1 (0.5)      

(𝐵𝐺,𝐷𝐶/𝑌)2 0.27 (1.2) 0.14 (3.1) 0.22 (3.3)   0.15 (3.2) 

𝐵𝐺,𝐹𝐶/𝑌 -1.1 (0.2)      

(𝐵𝐺,𝐹𝐶/𝑌)2 0.38 (7.6) 0.37 (19.0) 0.37 (13.4)   0.36 (16.2) 

(𝐵𝐺,𝐷𝐶/𝑌+2*𝐵𝐺,𝐹𝐶/𝑌)2    0.07 (23.9) 0.07 (15.7)  

Current account balance / Y      15.58 (0.8) 

𝑅̅2 0.95 0.96 0.81 0.96 0.79 0.95 

Number of observations 19 19 35 19 35 19 

Notes: Dependent variable is EMBI+. BG,DC/Y is domestic currency public debt-to-GDP ratio, BG,FC/Y is foreign currency public debt-to-GDP ratio. 

Data for debt ratios and EMBI+ are provided in Tables A1 and A2. Values in parentheses are t-ratios. Colums III and IV are for the Argentinian 

and Russian default episodes, whereas the rest of the columns are for the Argentinian default episode.  
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