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Abstract This paper analyzes the effects of volatility on sovereign default risk. Empirically, the paper establishes a concave relationship between spreads and volatility. While for low levels of volatility an increase in volatility is associated with an increase in the sovereign risk premium, the risk premium increases at a decreasing rate. This empirical relationship is robust to different estimation methods, samples and control variables. Furthermore, the relationship between volatility and risk premia is non-monotonic: while at low levels of volatility an increase in volatility implies an increase also in spreads, for sufficiently high levels of volatility this relationship turns negative. The paper also presents a quantitative model of sovereign debt with default risk consistent with this feature and other characteristics of EME debt. The intuition for this result is the existence of a trade-off between prudential behavior in order to avoid large consumption fluctuations under autarky and the increased likelihood of a default, given that default provides some short-run relief under a very bad realization of shocks. JEL classification: F34; E62 Keywords: volatility; default; sovereign debt
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Introduction



Two distinct features of emerging market economies (EME) are that they are subject to large fluctuations compared to developed economies and also more prone to suffer balance of payments crises as well as default on their debt. Mendoza (1995), for example, provides compelling evidence that fluctuations in output as well as the terms of trade are on average more than twice as large for EME compared to developed economies. Therefore, not only endogenous business cycle fluctuations but also relatively exogenous shocks are larger in EME.1 In line with this evidence, as Mendoza and Oviedo (2006) show, government revenues are also much more volatile in EME than in developed countries. Since Ramey and Ramey’s (1995) empirical finding of a negative impact of volatility on economic growth, the literature on the interrelation between volatility and economic growth has been growing rapidly.2 However, the link between volatility and sovereign debt issues - especially risk premia and default risk - has received relatively little attention. Since the seminal paper on defaultable sovereign debt by Eaton and Gersovitz (1981), the question of how volatility affects spreads and debt holdings has not been systematically addressed in the literature using a dynamic stochastic general equilibrium model.



The contribution of this paper to the existing literature is twofold. First, it analyzes empirically the relationship between government revenue volatility and default risk (as well as risk premia). We find a concave relationship between sovereign default risk and volatility; risk is increasing in the level of volatility, but at a decreasing rate. In addition, evidence indicates a non-monotonic relationship; for low levels of revenue volatility, a change in volatility increases the risk of default; however, for sufficiently high levels of revenue volatility, default risk is actually decreasing in volatility. We show that this relationship is robust to alternative measures of default risk and premia as well as econometric methods and specifications. Second, we present a model of sovereign debt with potential repudiation that is consistent with this previous finding and other issues related to sovereign debt in EME. 1



For papers that quantify the importance of terms-of-trade shocks for developing countries see Broda (2004), Kose (2002), and Mendoza (1995). The latter shows that terms-of-trade shocks account for up to 50 percent of business cycle fluctuations in developing countries. 2 See e.g. Mendoza (1997) for an early analytical contribution, as well as Calvo (2005) and Aghion et al (2005) and references in these papers.
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Figure 1: Annual Real Revenue Growth Venezuela and Norway 50%
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Source: World Economic Outlook database, IMF



The stylized facts that guide the empirical and quantitative analysis are the following: 1. Revenues are much more volatile in emerging economies than in developed economies, as shown in Figures 1 and 2. This stylized fact has also been addressed earlier by Gavin and Perotti (1997) for the case of Latin America, as well as Mendoza and Oviedo (2006) for EME in general. Figure 1 shows the annual growth rate of real government revenues for Venezuela and Norway from 1981 to 2005. Both countries are large oil exporters, with oil related revenues being a significant share of the public sector’s income. In particular, oil exports represented on average about 24 percent of GDP in both countries during 1995 - 2005. In addition, the importance of oil prices is reflected by the high co-movement between both series - with a correlation coefficient of 0.53. Also, on average real revenues have grown at a similar pace (4 percent annually) in both countries from 1981 to 2005. However, the differences in the volatility of both series is striking. While the standard deviation of revenue growth is 7 percent in Norway, for the case of Venezuela it is around 21 percent, three times larger.3 The fact that revenue volatility differs significantly according to the level of development is also confirmed for a larger sample of countries in Figure 2, which shows the correlation between initial GDP per capita and the coefficient of variation 3



A similar difference in magnitudes of volatility also holds for real GDP growth, with standard deviations of 2 and 6 percent, respectively.
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of the revenue to GDP ratio from 1990 - 2004. The correlation between both variables is negative, around -0.53, and significant at conventional levels of confidence.
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Figure 2: Revenue Volatility and Level of Development
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2. For the case of emerging markets, as also shown by Mendoza and Oviedo (2006), debt holdings decrease with the level of revenue volatility. However, there is no significant relationship between volatility and debt holdings among rich OECD countries, as can be seen in Figure 3. 3. There is a non-monotonic relationship between risk premia, measured as the spread of sovereign bond secondary-market yields over US treasuries, as well as default risk, measured by the Institutional Investors Rating (IIR) (see Figures 4 and 5).4 As we document in section 1.2, this result is statistically significant and continues to hold when controlling for other potential determinants of risk, estimation methods and excluding potential outliers. This last stylized fact is “new” in the sense that the empirical literature has not documented it so far, while theoretical and quantitative models of sovereign debt have not addressed this issue neither. To our knowledge, after Eaton and Gersovitz (1981), the only paper that explores the empirical relationship between volatility and sovereign default is Catao and Kapur (2006). 4



For the case of the IIR, higher values represent less risk.
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Figure 3: Revenue Volatility and Average Debt Holdings 150
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According to their estimates, while demand for debt is increasing in volatility, debt ceilings - the level of debt beyond which a rational risk neutral lender is not willing to extend further credit decrease with macroeconomic volatility, measured by the volatility of the output gap or the terms of trade. In addition, they also estimate a logit model explaining sovereign default episodes and find that the probability of default increases with macroeconomic volatility.5 Another recent paper that explores a related issue is Genberg and Sulstarova (2008) who construct an riskindicator based on the variance-covariance matrix of macroeconomic shocks that determine the evolution of sovereign debt and show that this indicator has a significant effect on sovereign bond spreads. As seen in Figure 4, considering sovereign bond spreads, Korea and China are influential observations and when both are excluded, the relationship between spreads and revenue volatility is concave, but not non-monotonic in the sample. However, if we consider alternative risk measures - like the IIR in Figure 5 - the non-monotonic relationship is still present in the data when these two observations are excluded. Much of the effort in the empirical part of the paper is devoted to show the robustness of the non-monotonic relationship between risk premia and 5



Catao and Kapur provide also a simple two-period model in the spirit of Sachs and Cohen (1982) that shows a positive relationship between volatility and risk premia under a uniform distribution. The present paper analyzes the relationship between volatility and sovereign debt issues in a dynamic infinite-horizon small open economy model.
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Figure 4: Revenue Volatility and Sovereign Bond Spreads
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volatility in the data. Also, the model presented afterwards focuses especially on the relationship between revenue volatility and default risk.



While there are several papers on sovereign debt that generate a negative correlation between equilibrium debt holdings and volatility (stylized fact 2) based on precautionary savings motives in incomplete asset market economies (see Mendoza and Oviedo, 2006; Durdu et al, 2007), these papers assume that the government repays its debt under all states of nature. Therefore, they do not generate an endogenous risk premium and consequently do not analyze how changes in the volatility of shocks affect the incentive to default. In addition, default introduces the possibility of making non-contingent debt an ex-post contingent instrument. Thus, it is also interesting to analyze the relationship of debt holdings and volatility in a model that allows for default to occur. There is a recent and growing literature of quantitative models of sovereign debt with default risk inspired by Eaton and Gersovitz (1981) (for two influential contributions in this literature see Aguiar and Gopinath, 2006; and Arellano, 2008). However, the quantitative implications for risk premia of changes in volatility have not been explored systematically in this literature. Thus, a contribution of the present paper is to analyze this issue in a similar set-up.



In their seminal paper on sovereign debt, Eaton and Gersovitz (1981) address the effects 5
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Figure 5: Revenue Volatility and Institutional Investors Rating
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of volatility on debt in a non-stochastic model where the endowment income of the economy fluctuates period-by-period between a high and a low level of output. In this set-up, they show that a greater gap between both output realizations increases the desired level of debt by the borrower and the credit ceiling, allowing the borrower to hold higher levels of debt in equilibrium. The intuition for this result is the following. Given that in the event of default borrowers are punished by being excluded from the international credit market forever, a higher volatility implies a larger welfare cost from losing the possibility to smooth income fluctuations using debt. Thus, the argument goes, countries with higher volatility would be able to commit to higher debt levels. The non-stochastic nature of the model puts severe limitations on the results, given that default never occurs in equilibrium. Therefore, the model is not able to create an endogenous risk premium although it generates a credit ceiling - defined as a level of debt beyond which creditor would not be willing to extend more credit at any price, given that default would occur under all states of nature. In a stochastic environment, more output variability implies also more uncertainty which could lead to an increase in the probability of default and therefore push up risk premia. This potentially important mechanism is not active in Eaton and Gersovitz’s non-stochastic set-up. However, while Eaton and Gersovitz (1981) mention this possibility, they
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suggest that their results would hold in a more general set-up.6 Although Eaton and Gersovitz (1981) also present econometric evidence that the volatility of exports had a positive and significant effect on credit ceilings and debt levels in the 1970’s, for a more recent time period, empirical evidence by Catao and Kapur (2006) contradicts these results.



In general, the effects of volatility on debt levels, default risk and risk premia depend on the costs of default and sanctions that are imposed in the event of default. If the punishment in case of default is exclusion from the credit market, then it might be that countries that face more volatility could commit to higher debt levels, given that the cost of reverting to autarky would be more severe, whenever the sovereign borrower is risk averse. This is the main argument made by Eaton and Gersovitz (1981). However, a mean-preserving spread would also increase the likelihood of having a very bad draw. If the borrower defaults under bad states of nature, then higher volatility would increase the probability of default and creditors would tend to charge a higher risk premium. This latter effect is operating in Catao and Kapur’s (2006) set-up, while the two-period nature of their model makes it impossible to analyze the effects of exclusion from credit markets in the future. Thus, potentially there are two effects that go in opposite directions. This paper contributes to the literature by studying this issue quantitatively in a model where both of these channels coexist. The model shows that at low levels of volatility the increase in default risk dominates over the prudential reduction in borrowing, while for sufficiently high levels of volatility this latter effect tends to be relatively more important. This implies a non-monotonic relationship between revenue volatility and default risk, as observed in the data.



The remainder of the paper is structured as follows. Section 2 analyzes the empirical relationship between volatility and default risk as well as risk premia. In section 3, we develop the model economy and discuss briefly the solution algorithm. Section 4 presents the main quantitative results related to the impact of volatility on risk premia and average debt holdings. We also present several robustness checks. Section 5 concludes. 6



Although they discuss briefly the potential negative effect of volatility on debt ceilings in a stochastic environment, they argue that only very high discount rates could cause this result in their model. In addition, to address this item they must make very strong and limiting assumptions on the model (e.g. that the current debt levels have to be zero in order to create lending).
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2



Empirical Evidence



This section presents empirical evidence of a non-monotonic relationship between revenue volatility and sovereign risk premia, as well as measures of default risk. As discussed in the previous section, Figure 4 presents a non-monotonic relationship between sovereign risk premia - measured by the average JPMorgan EMBIG spreads over US treasury bills between 1998 and 2007 - and the volatility of government revenues. Figure 5 shows a similar relationship for default risk measured by the Institutional Investors Rating (IIR).7 This indicator measures specifically sovereign credit risk and has been used recently by Reinhart, Rogoff and Savastano (2003) and Reinhart and Rogoff (2004) as a measure of default risk. It is a rating on a scale from 0 to 100, where higher values represent less risk. In order to reduce the influence of potential outliers in the regressions when using spreads, we transform the risk premium to log(1 + si /10000), where si is the spread reported in basis points, so that the dependent variable is measured approximately in percentage points. The econometric estimation corresponding to the quadratic fit represented in the Figure 4 is shown in the first column of Table 1. The estimated coefficients on revenue volatility and its quadratic term are positive and negative, respectively, and statistically significant at conventional levels of confidence. In particular, the estimates imply that for a coefficient of variation of government revenues greater than 0.121 the effect of an increase in revenue volatility turns negative. A similar result using the IIR as dependent variable is shown in column 2. In addition, revenue volatility and the squared term alone explain more than 40 percent of the total cross-section variation in spreads in the sample. One immediate concern from a visual inspection of Figure 4 is that the results might be driven by Korea and China. Both countries present very high levels of revenue volatility and very low levels of spreads. While these low spreads might be explained by the very low levels of debt, possibly due to precautionary savings - as e.g. Durdu, Mendoza and Terrones (2007) argue - it is important to check the robustness of the correlation presented in columns 1 and 2. In order to do so, we re-estimate the quadratic regression dropping both observations. As it can be seen in column 3 and 4, the results remain significant for the case of the IIR measure, but the quadratic term is only marginally significant considering the spreads. Alternatively, in columns 5 and 6, we estimate the following 7



The information of government revenues refers to annual series for the central government - thus it excludes all subnational and government-enterprize revenues. The primary source for these series are the IMF’s WEO and GFS databases. In some case of missing information the national source, e.g. ministries of finance and central banks, is used. The period used to compute the coefficient of variation is 1990 to 2004, expressed in percentage points. These data were kindly provided by Marcelo Oviedo. They are also used by Mendoza and Oviedo (2006). For developed countries we use EURO-GBI spreads vis-a-vis Germany for the years 1999 - 2007.
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regression by non-linear least squares (NLS): Risk = α + rev β + ε. A coefficient significantly less that 1 (greater than -1) implies a concave relationship between spreads (IIR) and volatility. As the estimates show, for both dependent variables the coefficient is significant. In addition, the linearity hypothesis is rejected in both cases, such that the NLS regressions indicate a significant concave relationship. The next four columns of Table 1 present estimations based on the inclusion of additional control variables that have been found to be significant in the literature on the determinants of sovereign spreads and credit ratings.8 This relatively parsimonious model is able to explain a large fraction of the total cross-country variation in spreads, with an R-squared of around 0.76, and an even better fit for the IIR (R-squared of 0.84). We include the average inflation rate - defined as the average of log(1+inflation) from 1990 to 1999 - given that macroeconomic instability usually tends to increase risk. This intuition is confirmed by the estimates in column 7 and 8. Inflation is highly significant and positively (negatively) correlated with the sovereign risk premium (IIR). The estimate implies that an increase in the annual inflation rate from 2 percent to 12 percent would raise the real cost of borrowing by around 1 percentage point. In addition, we include the average ratio of central government expenditures to GDP for the period 1990 - 1999. The estimated coefficient is not significant.9 Another significant variable is the initial GDP per capita in PPP terms (in logs). This variable is in general included in the literature to proxy a series of factors, e.g. the quality of institutions, that might be relevant to the likelihood of default. The estimates show that GDP per capita has a significant and negative (positive) impact on sovereign risk premia (IIR). Next, given the relevance that the theoretical and empirical literature on sovereign debt has assigned to direct sanctions, we include trade openness - measured by the ratio of exports plus imports to GDP - as a control.10 However, the coefficient shows is not significant. Regarding the revenue volatility coefficients, the estimates remain similar to the previous ones, with tipping points, where the effect of increases in volatility on spreads become negative, are slightly below those estimated in columns 1 and 2. Overall, these estimations show that the non-monotonic relationship between spreads and revenue volatility remain significant when other determinants of risk are included in the regressions. 8



See Cantor and Paker (1996), as well as Reinhart (2002) on these issues. All explanatory variables - except for debt levels - are taken from the World Bank’s WDI database. 9 We also estimated alternative specifications with other macroeconomic variables such as the central government budget deficit or the current account deficit, but they were also not significant. 10 See Bulow and Rogoff (1989) and Rose (2005) on this particular issue.
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In column 9, we include the central government’s gross debt to GDP ratio (expressed in percentages) as an explanatory variable. In order to reduce endogeneity problems we use the average debt ratios for the first five years of the 1990’s. The estimates show that countries with higher levels of debt pay a significantly higher interest rate. The estimates imply that a one-percentage point increase in the Debt/GDP ratio increases the spread by 0.9 percentage points. The result regarding revenue volatility remains robust. As can be seen in column 10 of Table 1, debt levels have a very significant impact on spreads if we restrict our sample to EME countries, with the coefficient almost doubling in size. While the other controls turn out to be not significant in this subsample, the non-monotonic relationship between revenue volatility and spreads continues to be significant. Again, tipping points are well within the range of revenue volatility observed in the data. Thus, the result is not driven by a systematic difference between these two groups of countries. So far, the evidence indicates a significantly concave relationship between sovereign risk and volatility in the sample. While in most specifications this relationship is actually non-monotonic, the presence of two influential observations seems to be partially driving these results. In what follows, we use alternative measures of volatility and default risk to further analyze the robustness of these results.



Table 2 shows a series of robustness tests concerning the non-monotonic relationship between revenue volatility and default risk. First, we use the volatility of the business cycle - computed as the standard deviation of the Hodrick-Prescott filtered series of annual real GDP - as an alternative measure of volatility. As the first column shows, the non-monotonic correlation between volatility and spreads continues to hold using this alternative indicator of volatility. It is important to point out that for this indicator there are no clear outliers. One indication of this is the fact that the median business cycle standard deviation in the sample is 0.047, very close to the mean of 0.045. In addition, all countries lie within a two-standard deviation interval from the mean. Column 2 shows that this result also holds if the dependent variable is the spread in levels rather than logs.



Next, as an additional robustness check, we consider a instrumental variable estimations to control for potential endogeneity issues of our volatility measures. In columns 3 to 6, we instrument the volatility measures and its squared with the trade weighted business cycle volatility 10
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-0.027*** (0.009) 44 0.44 0.121 0.180



1.468*** (0.315) -6.101*** (1.907)



1.101*** (0.067) 40 0.43 0.116 0.180



-11.698*** (2.115) 50.234*** (11.202)



-0.014 (0.009) 42 0.53 0.295 0.152



(3) OLS Spreads (log) Excluding China and Korea 0.926*** (0.319) -1.568 (1.797)



1.082*** (0.079) 38 0.44 0.129 0.141



(4) OLS IIR Excluding China and Korea -10.827*** (2.932) 41.946** (18.732)



-0.844*** (0.021) 42 0.51



(5) NLS Spreads (log) Excluding China and Korea 0.044*** (0.007)



(6) (7) (8) (9) (10) NLS OLS OLS OLS OLS IIR Spreads (log) IIR Spreads (log) Spreads (log) Excluding China EME and Korea only -0.167*** 0.625** -3.983** 0.817*** 0.628* (0.021) (0.301) (1.569) (0.265) (0.312) -3.036* 25.847*** -3.727** -3.320** (1.550) (8.094) (1.643) (1.540) 0.011*** -0.059*** 0.010*** 0.004 (0.002) (0.012) (0.002) (0.003) 0.000 0.002 0.000 0.000 (0.001) (0.004) (0.001) (0.001) -0.007** 0.105*** -0.006* -0.003 (0.003) (0.017) (0.003) (0.003) 0.000 -0.001 0.000 0.000 (0.000) (0.001) (0.000) (0.000) 0.009** 0.016*** (0.004) (0.004) -1.018*** 0.032 0.032 -0.011 -0.025 (0.114) (0.025) (0.175) (0.033) (0.026) 38 44 40 44 21 0.43 0.72 0.84 0.75 0.71 0.102 0.077 0.109 0.094 0.180 0.180 0.180 0.180



Table 1: Spreads and Revenue Volatility - Cross-section Regressions (2) OLS IIR



Robust standard errors in parentheses, *, **,*** significant at 10, 5 and 1 percent, respectively. Dependent variable is log(1+spread/10000). GDP per capita and inflation are in logs. Columns (5) and (6) show the estimate of β based on a non-linear least squares estimation of y = α + rev β + ε, with y either log(1 + spread/10000) or IIR and rev is revenue volatility.



Observations R-squared Tipping point Max. in sample



Constant



Debt/GDP



Openness



GDP per capita



Gov. Expenditure/GDP



Inflation



Revenue Volatility sq.



Revenue Volatility



Estimation Method Dep. Variable Sample



(1) OLS Spreads (log)



(computed using the HP-filter as above) and the standard deviation of its terms-of-trade.11 . The results confirm our previous analysis of a non-monotonic relationship between volatility and default risk. In columns 4 to 10, we use sovereign credit ratings as dependent variable. Reinhart (2002) shows that downgrades in sovereign credit ratings predict future defaults, in contrast to currency crises, which tend to take place before downgrades occur. Also, Reinhart, Rogoff and Savastano (2003) show that sovereign credit ratings help statistically to separate defaulting from nondefaulting countries ex-ante. In particular, we use ratings from Moody’s, Standard&Poors, and Fitch, for a similar period as the spreads used above (1997 - 2000). The three rating agencies use a letter rating which were recoded into 17 categories from 0 to 16. This procedure is the standard practice in the literature (see e.g. Cantor and Packer, 1996; as well as Reinhart, 2002). Given that the coding for all ratings is such that higher values represent a higher degree of creditworthiness, the coefficients of revenue volatility and its quadratic term should now respectively be negative and positive if the relationship between default risk and volatility established for spreads continues to hold, as for the case of the IIR used in Table 1. Given that OLS estimates do not exploit the fact ratings are actually ordinal variables that take only 17 different ordered values instead of a continuous outcome, we estimate an ordered probit model which accounts for this fact correctly. As can be seen in Table 2, there is a significant U-shape relationship between ratings and revenue volatility for all three ratings. Furthermore, as column 9 shows, the same is true if the sample includes only EME. In addition, columns 10 shows that if the ordered probit model is estimated considering the standard deviation of the business cycle, the non-monotonic relationship between volatility and default risk remains significant. Finally, the last column shows that the logarithmic transformation for spreads does not have an impact on the significance of the non-monotonicity in the correlation between spreads and revenue volatility.



While the previous evidence is quite compelling, it considers only the cross-section dimension and does not exploit any variation across time, basically due to the fact that there are no sufficiently long time series of bond yields and consistent revenue series for emerging markets. However, in order to analyze the robustness of the results presented in the cross-country analysis so far and to compare them with the other study in the literature on this topic, we use similar econometric techniques and the same data as Catao and Kapur (2006) to analyze the shape 11



Data on terms-of-trade are from the Worldbank’s WDI database and the EIU.
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0.021** (0.008) -0.002*** (0.001) 0.012*** (0.003) -0.001 (0.001) -0.003 (0.006) -0.008*** (0.002) 0.043 (0.026) 44 0.79 8.320 14.500 -



191.828** (80.699) -23.209** (9.035) 120.468*** (27.963) -6.790 (5.187) -32.519 (67.783) -73.669** (30.804) 436.521 (346.307) 44 0.77 8.260 14.500 -



0.012*** (0.004) 0.002 (0.001) -0.018 (0.013) -0.017*** (0.005) 1.213 (0.785) -9.620** (3.883) 0.089* (0.052) 44 0.126 0.180 0.19; 0.22 0.913



0.0574** (0.0260) -0.007** (0.003) 0.014*** (0.002) -0.001 (0.001) -0.011 (0.009) -0.007*** (0.002) -0.04 (0.063) 44 7.650 14.500 0.22; 0.23 0.492



-0.056** (0.027) -0.008 (0.008) 0.086 (0.084) 0.134*** (0.032) -9.422* (4.872) 64.868*** (24.667) -0.001 (0.335) 40 0.145 0.180 0.20; 0.22 0.596



(5) IV IIR -0.449*** (0.151) 0.047 (0.037) -0.021** (0.010) 0.768*** (0.177) -49.958** (20.337) 269.061** (109.549) 44 0.261 0.186 0.180 -



(6) Order Probit Moody’s



(7) (8) (9) (10) Order Probit Order Probit Order Probit Order Probit Fitch S&P S&P S&P EME only -0.930** (0.427) 0.083** (0.039) -0.646*** -0.440*** -0.345** -0.576*** (0.152) (0.141) (0.174) (0.176) -0.015 0.034 -0.159** 0.094** (0.066) (0.037) (0.073) (0.038) -0.385 -0.020* 0.642 -0.126 (0.575) (0.010) (1.242) (0.662) 0.729*** 0.798*** 0.365 0.745*** (0.196) (0.183) (0.296) (0.187) -37.492* -43.332** -66.005*** (19.563) (19.011) (24.474) 211.355* 229.651** 381.228*** (110.386) (100.800) (120.763) 44 44 21 48 0.283 0.274 0.206 0.286 0.177 0.188 0.173 11.210 0.180 0.180 0.180 14.500 -



White-corrected robust standard errors in parentheses, *, **,*** significant at 10, 5 and 1 percent, respectively. GDP per capita and inflation are in logs. In columns 3 to 5, trade-weighted business cycle volatility (HP-filtered log of real GDP) of trade partners and the standard deviation of terms-of-trade growth and their squared terms are used as instruments. Shea R-squared reported are the first stage partial R-squares for the instruments of the volatility measure and its squared term, respectively. Hansen test is a overidentifying restrictions tests for the instruments.



Observations R-squared Tipping point Max. in sample Shea R-squared Hansen test (p-value)



Constant



Revenue volatility squared



Revenue volatility



GDP per capita (log)



Openness



Government Consumption/GDP



Inflation (log)



Std HP-filtered GDP squared



Std HP-filtered GDP



(4) IV log(Spread)



Table 2: Spreads and Revenue Volatility - Robustness



(1) (2) (3) OLS OLS IV log(Spread) Spread (level) log(Spread)



of the relationship between volatility and default risk. These authors analyze the impact of macroeconomic volatility on default probabilities applying an event study approach to defaults and credit events in a panel of 26 EME and developing countries from 1970 to 2001. They estimate logit models to assess the impact of output gap volatility or terms-of-trade volatility on the likelihood of observing a default or rescheduling of sovereign debt. Volatility is measured by the standard deviation of these variables using 10-year rolling windows previous to the year under consideration.12 This exercise has two aims. First, given that the time-series availability for spreads and revenue volatility is limited, in order to exploit the time series dimension, one has to rely on ex-post episodes as measures of default risk and alternative measures of volatility. Thus, this approach enables us to conduct a further robustness check in terms of considering an alternative definition of the dependent variable as well as additional measures of volatility. Second, this analysis allows us to check the robustness of our non-monotonicity finding using the same data and methodology as the only other study in the literature that addresses this issue. Therefore, we augment the econometric model of Catao and Kapur (2006) to include a quadratic term of their volatility measures, and ask whether this term has a negative and significant impact on the probability of default, as the cross-section evidence above indicates. The logit estimates are presented in Table 3. All regressions include the international interest rate, which enters positively and highly significantly in all specifications. This reflects the common wisdom that defaults are more likely during periods of tight international liquidity. In addition, exports as a fraction of GDP (which is included to capture the potential cost of trade sanctions in the event of default), shows the expected negative sign in most specifications although it is only significant in two of them. With respect to debt indicators, debt as a fraction of exports, as well as debt service as a fraction of exports, perform better than debt-to-GDP ratios. Regarding the variables of interest, the linear specification in column 1 shows that the volatility of the terms of trade has a positive effect on the probability of default. In column 2, we add the quadratic term of terms-of-trade volatility, which comes in highly significant with the expected negative sign. In addition, the fit of the regression measured by the pseudo-R-squared improves from 0.15 to 0.18. Hence, this evidence is consistent with the cross section regressions presented in Table 1. Adding the debt to exports ratio or estimating the model using random effects (column 3) yield similar results. While the implied tipping points at which the effects of 12



See their paper for more details and descriptive statistics on the dependent and independent variables used below. All explanatory variables are lagged one period in order to reduce endogeneity problems.
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terms-of-trade volatility on the probability of default become negative is well below the in-sample maximum, there could be concerns that the results are driven by some extreme observations. In column 4, we re-estimate the model excluding all observation with a 10-year rolling standard deviation above 50%. Again, the non-monotonic shape is significant in this subsample with an estimated tipping point at around values of 23%. Similar results are obtained when estimating considering the standard deviation of the residuals of a growth forecasting regression as an alternative measure of volatility. These are the residuals from regressing real GDP growth on two lags and a segmented time trend (with a break in 1974) as in Ramey and Ramey (1995). Finally, the results are robust to including the debt service to exports ratio and the deviation of the real exchange rate from its Hodrick-Prescott trend as additional controls.13



Summing up, the evidence presented in this section shows that there is a non-monotonic relationship between default risk/risk premia and revenue volatility. For low levels of volatility, an increase in volatility is associated with an increase in spreads and the perceived default risk. However, for sufficiently large levels of volatility, this relationship reverts. This empirical relationship is found using different measures of default risk, as well as alternative econometric methods and measures of volatility. In terms of the discussion presented in the introduction, this empirical fact can be interpreted as a trade-off between precautionary savings motives and the increased risk of default due to a higher variance of the relevant shocks. According to Eaton and Gersovitz (1981), a higher volatility of the relevant income process increases the cost of exclusion from credit markets. Therefore, default becomes less attractive for countries that face higher volatility. However, if this is the only channel through which volatility affects default incentives, the risk premium should be a decreasing function of volatility. This clearly is not observed in the data. Alternatively, as argued by Catao and Kapur (2006), volatility increases potentially the likelihood of receiving a very bad draw and therefore increases the fraction of the state space where default might be optimal. Clearly, in this case, default should be monotonically increasing in the variance of shocks. This is also not the whole story, according to the empirical evidence presented in this section. In the next section, we present a model that tries to disentangle these effects in a set-up where both forces are potentially relevant. 13



Interestingly, an appreciated real exchange rate is associated with a higher probability of default.
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16 -6.111*** (0.989) 584 0.18 0.551 0.958



0.419*** 0.417*** (0.123) (0.121) -0.025 -0.009 (0.017) (0.009) 0.009 (0.008) 9.837*** 10.706*** (2.848) (3.033) -9.036*** -9.707*** (2.983) (3.263) 0.003** (0.001)



(3)



-7.776*** (1.507) 564 0.19 0.233 0.498



32.561*** (11.806) -69.905** (31.126) 0.003*** (0.001)



(4) Std TOT growth ≤ 0.5 0.363*** (0.092) 0.001 (0.008)



0.562 0.958



-6.250*** (0.924) 584



10.775*** (3.891) -9.574* (5.242) 0.003* (0.001)



(5) Random Effects 0.437*** (0.104) -0.01 (0.013)



Table 3: Logit Regressions - Default Events



-4.677*** -5.426*** (0.790) (0.864) 584 584 0.16 0.18 0.544 0.958



0.421*** (0.128) -0.031* (0.018) 0.011 (0.008) 3.078*** (0.873)



(2)



-6.919*** (1.217) 583 0.26 0.563 0.958



2.927*** (0.751)



9.228*** (3.049) -7.899** (3.533) 0.000 (0.002)



0.432*** (0.132) -0.008 (0.009)



(6) 0.495*** (0.170) -0.012 (0.010)



(8)



-5.505*** (0.815) 543 0.17 0.011 0.018



-6.788*** (1.196) 543 0.27 0.010 0.018



0.003*** 0.000 (0.001) (0.002) 227.32*** 245.63*** (83.35) (86.30) -9932.45* -12031.27* (5866.97) (6399.67) 3.256*** (0.824)



0.482*** (0.150) -0.016* (0.010)



(7)



0.003* (0.001) 280.45*** (88.21) -16950.85** (0.793) 3.033*** (0.852) 10.283*** (2.737) -17.798*** (3.318) 543 0.34 0.008 0.018



0.463*** (0.148) -0.003 (0.006)



(9)



White-corrected robust standard errors in parentheses, *, **,*** significant at 10, 5 and 1 percent, respectively. Column 4 presents random effects logit estimations.



Observations pseudo R-squared Tipping point Max in sample



Constant



Real Exchange Rate Gap



Debt Service/Exports



Std Growth Forecast Residuals sq.



Std Growth Forecast Residuals



Debt/Exports



Std TOT growth sq.



Std TOT growth



Debt/GDP



Exports/GDP



US Real Interest Rate



(1)



Before finishing this section, it is useful to discuss some of the evidence regarding debt holdings and their relationship with volatility. In this case, although there is a clearly negative correlation, as shown in Figure 3 and also documented by Mendoza and Oviedo (2006), this empirical evidence is a little bit harder to interpret. Figure 3 plots the average debt holdings and revenue volatility for two distinct samples, rich OECD and Non-OECD countries.14 Clearly, the cross-section evidence shows a negative correlation between volatility and debt for EME. For the case of revenue volatility the correlation coefficient is -0.40, which is significant at conventional levels. However, in the case of developed countries there is no significant correlation between these variables. This distinct pattern across EME and developed countries can be interpreted in two ways. First, following Durdu, Mendoza and Terrones (2007), a higher volatility may induce agents to accumulate less debt due to precautionary saving motives in the face of incomplete asset markets. This model can explain the data if EME face a lot of market incompleteness, while developed countries have access to more sophisticated forms of finance and state-contingent assets. Second, in models with limited commitment on the borrower’s side, debt holdings reflect the minimum between desired debt levels and potential debt ceilings. In economies that always have access to capital markets, the government would use debt to smooth revenue shocks over the business cycle. Given that there would be no commitment problems, the government would be expected to repay always. Combined with the previous argument, precautionary motives would also be less severe in this case, given that permanent access to credit markets would allow the government to borrow more even during severe recessions. In addition, developed market economies might have a significantly large menu of contingent financing options, which would also tend to reduce the need for self-insurance, reducing precautionary savings motives and consequently the link between volatility and precautionary savings. Thus, debt levels primarily reflect debt demand for the OECD countries, and there are no strong reasons to expect a systematic correlation between volatility and debt levels.15 In contrast, for the case of EME, the significantly negative correlation could reflect the fact that volatile economies are more likely to be credit constrained 14



Average debt holdings are computed over the period 1990 - 2005. The data are taken from Jaimovich and Panizza (2006). This database has been constructed especially to allow cross country comparisons and has been used as a primary data source for the 2007 IDB Report on Economic and Social Progress in Latin America on sovereign debt. The classification of countries is based on those countries that were members of the OECD in the 1970’s. Therefore, e.g. Mexico and Korea are classified as Non-OECD, given that they joined the OECD in 1994 and 1996, respectively. 15 This refers to eliminating obvious short-run changes in debt levels over the business cycle. Countries that undergo a large shock are naturally expected to hold more debt than those that are close to their long-run equilibrium.
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because they have a higher probability of default. This would be in line with the finding by Catao and Kapur (2006) that debt ceilings are negatively correlated with volatility, while demand for debt increases with volatility. On the other hand, countries with very high revenue volatility (as could be the case of China, e.g.) might want to avoid a debt crisis by holding a more balanced position of net foreign assets. This precautionary motive might induce countries to demand less debt when they are at very high levels of volatility. Both of these features are distinct for EME because they are linked to potential loss of market access due to default risk. While we do not explore these issues empirically further here, this section yields the following main conclusions. First, default risk - and as a consequence interest rates and risk premia - show a positive correlation with revenue volatility. However, there is a non-monotonic relationship between these variables such that for sufficiently high levels of volatility, the probability of default - and therefore the sovereign spread also - actually decrease. Second, debt holdings are decreasing with volatility in EME, while there is no significant correlation between debt holding and volatility for developed economies. Finally, it should be mentioned that Reinhart, Rogoff and Savastano (2003) provide a further stylized fact related to those in established above: EME tend to default on lower debt to GDP ratios than developed countries.



3



The Model Economy



This section presents a simple model to analyze the impact of revenue volatility on risk premia and the probability of default, as well as equilibrium debt levels. In order to generate endogenous default, we follow the existing literature on sovereign debt with incomplete markets and limited commitment, such as Arellano (forthcoming) and Aguiar and Gopinath (2006). Although these models have problems in matching some moments of debt dynamics in emerging markets (especially debt levels and/or the magnitude of spreads), they do offer a framework to analyze the relationship between volatility and default risk. Given that the empirical evidence presented in section 1.2 shows a non-monotonic relationship between default risk and volatility, a theory that wants to match this empirical fact has to be capable of generating a risk premium and default (endogenously) in equilibrium. This is the main reason to opt for this framework. In contrast to the standard in the literature, we use a similar set-up to Alesina and Tabellini (2006) and Mendoza and Oviedo (2006) in which the government’s objective function differs from that of the representative household’s. The government’s objective is to smooth its expenditure,
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which reports no utility to the households. This implies that the competitive equilibrium in this economy will not reproduce the social optimum. In addition, we assume that the government might discount the future at a higher rate, reflecting the fact that political turnover and instability might induce the government to have a more myopic behavior.



3.1



The Household’s Problem



The representative household maximizes the expected discounted utility value of consumption and leisure given by:



E0



∞ X



βt



h Ct −



L1+ψ t 1+ψ



i1−δ



1−δ



t=0



,



(1)



where β is the subjective discount factor, and δ is the coefficient of relative risk aversion. The relationship between consumption (Ct ) and labor (Lt ) is modeled using the formulation by Greenwood et al (1988) which is standard in the real business cycle literature, given that it has the property that the elasticity of substitution between consumption and labor is independent of the level of consumption, which makes labor supply independent of consumption decisions. The elasticity of labor supply is given by the inverse of ψ.



Households also carry out production in the economy according to a linear production function given by:



Qt = At Lt ,



(2)



where total factor productivity (At ) is a random variable. The household’s budget constraint is given by:



Ct = Qt (1 − τt ),



(3)



where τt is an output tax rate set by the government. In particular, we follow Mendoza and Oviedo (2006) and assume that this effective tax rate is a combination of a constant tax rate over time and states and a stochastic revenue shock, such that:



19



τt = τ ezt .



(4)



The parameter τ is the average revenue as a fraction of GDP, while the zt shock process is assumed to capture tax as well as non-tax revenue shocks. Given that in many developing countries non-tax revenues - linked to commodity export income e.g. - represent an important fraction of total revenues, this shock might also capture fluctuations in the terms-of-trade.16 The representative household’s problem is static in nature. The first order condition of maximizing (1) subject to (2) - (4), yields a labor supply given by: ³ ´ ψ1 Lt = At (1 − τt ) .



3.2



(5)



The Government’s Problem



We assume that the government’s objective is to maximize the expected discounted utility of government expenditure given by: ∞ X g 1−δ E0 (βπ)t t , 1−δ t=0



(6)



where π represents the probability that the current government will stay in power. This parameter is included in order to account for a higher impatience of the government due to political uncertainty. For simplicity, we assume that π is constant over time and across states.17



Following the literature on quantitative models of sovereign debt with strategic default (see e.g. Arellano, forthcoming; as well as Aguiar and Gopinath, 2006), we assume that international asset markets are incomplete such that the government can only issue a one-period bond. The outstanding stock of net foreign assets is denoted by b, so that a negative value of b represents the level of outstanding debt. In addition, we assume that the government cannot commit to repay its debt, so that it will only repay its debt if the expected discounted utility value of doing so is greater than the value of defaulting on its obligations. In particular, the value function of the government’s maximization problem is given by V (b, z, A) = max{V D , V R }, where V D is 16



See Gavin and Perotti (1997) for evidence of the importance of non-tax revenues in Latin America. There is some evidence (e.g. Inter-American Development Bank, 2006) that the probability of the government being replaced or losing power increases after a default episode. Thus, π could be state-dependent. 17
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the value of default and V R the value of repayment. The latter is given by: Z



n



R



V (b, z, A) = max u(g) + βπ



o V (b0 , z 0 , A0 )dF (z 0 , A0 |z, A)



s.t. g + q(b0 , z, A)b0 = τ ez Q + b,



(7)



(8)



where q is the bond price, u(.) is the CRRA utility function, and F (.) is the joint cumulative distribution of the exogenous state variable, which is assumed to follow a Markov chain.



Alternatively, the government defaults on its debt. When it does so, the government is excluded for an uncertain period of time from international credit markets, so that the government has to rely exclusively on national tax revenue to finance expenditure. In addition, we assume that default involves disorder and potential deadweight losses due to sanctions imposed by creditors, so that revenues follow a different stochastic process under default, denoted by h(Q). Also, if the country is in a state of default, there is an exogenous re-entry probability α, so that the country on average is excluded only



1 α



years from credit markets. If the government reains access



to international capital markets after a default, it does so with zero debt. The value of default under these assumptions - which are standard in the literature - is given by:



¡



¢ V D (z, A) = u h(Q) + βπ



3.3



(Z



³



) ´ αV (0, z 0 , A0 ) + (1 − α)V D (z 0 , A0 ) dF (z 0 , A0 |z, A)



(9)



Creditors



As it is standard in the literature, international creditors are modeled as risk-neutral agents. They have access to an international capital market in which they can trade a risk-free bond at the interest rate r∗ which for simplicity is assumed to be constant over time and states of nature. In addition, there is perfect competition among creditors, such that their expected profits are zero. Under these conditions it is straightforward to show that the following condition has to hold:



1 + rt =



1 + r∗ , 1 − λ(bt+1 , zt , At )
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(10)



where r is the interest rate of the bond, given by rt =



1 qt



− 1, and λ(bt+1 , zt , At ) is the endogenous



default probability, defined as: h i λ(bt+1 , zt , At ) = E D(bt+1 , zt+1 , At+1 )|bt , zt , At ,



(11)



where D is an indicator function defined as:    1 if V D (zt , At ) > V R (bt , zt , At )   D(bt , zt , At ) =



    0 otherwise



(12)



This equation just states that the expected returns of investing in the risk free asset and making a risky loan to the agent have be be equal. It also shows that the interest rate is a function of the level of net foreign assets (bt+1 ), as well as the current state of revenues given by (zt , At ). A higher expected probability of default clearly implies a higher risk premium. Also, given that the default probability is decreasing in bt+1 , rt will be a non-increasing function of bt+1 . Clearly, the risk premium or spread is analogously defined as:18 s(bt+1 , zt , At ) =



3.4



λ(bt+1 , zt , At ) 1 − λ(bt+1 , zt , At )



(13)



Some Intuition



In order to provide some intuition of the forces present in the model, this subsection presents a brief discussion on how the incentives to borrow and default might change with volatility.



Assume that government revenues can be characterized by the following process: Tt = σ2



T ezt e− 2 , with zt being an i.i.d. shock, such that zt ∼ N (0, σ 2 ), which implies the expected value of Tt always equals T . This allows us to analyze the effects of a mean-preserving spread. In addition, assume that α = 0, such that there is permanent exclusion from credit markets after a default, but there is no further cost of default, i.e. h(Qt ) = Tt .19 Under these assumptions, the value of default will be given by: 18 19



The spread s is computed using the multiplicative formula: (1 + r∗ )(1 + s) = 1 + r. Aguiar and Gopinath (2006) use a very similar set-up to analyze sustainable debt levels in their model.
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V



D



1 2 ∞ X Tt1−δ (T e− 2 δσ )1−δ = E0 β = 1−δ (1 − β)(1 − δ) t=0



(14)



In addition, let us assume that under repayment, the government is able to complete smooth its expenditure, such that each period the government pays the amount of R = −rb of interest payments.20 Under these assumptions, the value of repayment will be given by: VR =



(T − R)1−δ (1 − β)(1 − δ)



(15)



The government will default on its debt, only if the V D > V R , i.e.: 1 R 2 > 1 − e 2 δσ T



(16)



This equation has a series on interesting implications. If the variance of revenues tends to zero, the right-hand side of the equation converges to zero, which means that the government would default whenever it has to make any positive repayment or if it holds a positive amount of debt. The rationale for this is that the utility cost of the exclusion punishment declines when volatility declines and therefore the government would be more tempted to default on its obligations. Considering the opposite case, when the variance of revenues tends to infinity, the right-hand side of the equation converges to one. This implies that the government would not default on any debt level below the level at which repayment would compromise all available resources.21 Thus, as also suggested by Eaton and Gersovitz (1981), for given levels of debt and interest rates, the probability of default is a decreasing function of the volatility of shocks in this set-up. In addition, the equation also shows that the speed at which the default probability decreases is a positive function of the coefficient of relative risk aversion (δ). Observe that if the government is not risk averse, it would default on any positive level of debt.22 If we assume that there is an additional cost of default that reduces the revenues in the state of default by a fraction η, such that h(Qt ) = (1 − η)Tt , it is straightforward to show that the right-hand side of 1



2



the equation becomes: 1 − (1 − η)e 2 δσ . This shows that the level of debt that the government 20 We are assuming b < 0 to make the discussion interesting. Observe also that even if it were feasible, complete expenditure smoothing will not be optimal in our calibrated exercises presented in the subsequent sections due to the relative impatience we assume. 21 Of course, other optimality considerations and prudential behavior would probably prevent the government to borrow up to this level of debt in the first place. 22 Clearly, in our model without risk aversion the only reason to borrow for the government is it relative impatience that induces it to prefer current expenditure to future expenditure.
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can support without defaulting increases with the severity of the punishment (η).23 However, several of the strong assumptions made so far are unlikely to hold. In particular, the government might not be able to smooth consumption completely under repayment. In this case, the value of repayment will be affected negatively by volatility and therefore default could act as partial insurance mechanism. As Eaton and Gersovitz (1981) also argue, under uncertainty volatility has an ambiguous effect. On the one hand, it makes it more attractive to honor the current debt, given the possibility that tomorrow’s revenue income will be low and therefore expenditures have to be cut. On the other hand, if the economy is hit by a larger shock today, default becomes more attractive. Therefore, the relationship between volatility and default risk will depend on which effect dominates. It is interesting to point out that this trade-off will also depend on the degree of impatience of the government. If the future is discounted at a higher rate - due to a low probability of staying in power, for example - the current gain of not having to repay the debt will become more attractive than the inter-temporal future gains from repaying the debt and conserve market access.



A second effect that could potentially affect the relationship between volatility and default risk is related to the impact of an increase in volatility on the demand for assets in incomplete market economies under uncertainty. In particular, given that we assume a CRRA utility function, it is well-known that this type of preferences generate prudential behavior. Thus, selfinsurance via precautionary savings could reduce the demand for debt and therefore it could lower the risk of default. Furthermore, given that the utility function exhibits a positive third derivative (u000 > 0) a “natural” debt limit as proposed by Aiyagari (1994) could arise. Let us assume for a moment that there is no commitment problem. In this case, the government solves the the following problem:



max E0



∞ X



(βπ)t u(gt )



(17)



t=0



s.t. gt + qt bt+1 = Tt + bt ,



(18)



Given that for utility functions that exhibit prudence, the following condition holds: limg→0 u0 (g) = ∞, gt ≥ 0 has to hold. Marginal utility becomes very large as expenditure tends to zero, so that 23



This point is also made by Aguiar and Gopinath (2006).
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the government would always avoid getting close to very low levels of expenditure. Combining this condition with the budget constraint, the fact that qt =



1 , 1+r∗



and solving it forward, implies



that:



bt+1 ≥ −



Tmin , r∗



(19)



where Tmin is the lowest possible realization of the revenue process. The right-hand side of this equation is the natural debt limit. Basically, the equation states that in order to avoid very low levels of expenditure, the government would always choose a debt level that would allow to service it under the worst possible realization of future revenues which is to receive the lowest possible draw forever. σ2



Now suppose that Tt follows the process specified above: Tt = T ezt e− 2 , with zt ∼ N (0, σ 2 ) and i.i.d. If zt is approximated using a discrete symmetric grid {zmin , ..., zmax }, with zmin = −zmax < 0, this will translate into a grid for revenues given by {Tmin , . . . , Tmax }. An increase in the variance of zt will reduce the value of Tmin . In the limit, as σ 2 → ∞, Tmin will converge to 0. Thus, the government would never hold a negative level of net assets. Although this previous debt limit was derived for the case where default does not occur, it is straightforward to show that a similar argument can be extended to the case without commitment. As Eaton and Gersovitz (1981) show, in the sovereign lending problem outlined at the beginning of this subsection there exists a finite net foreign asset ceiling, bt+1 > −∞ beyond which lender would not extent further credit, because the sovereign borrower would default with probability 1.24 The proof of this proposition follows from the fact that V R is increasing in the level of net foreign assets (b), i.e. it is a decreasing function of the outstanding debt level, while V D does not depend on the debt level. Therefore, the probability of default λ is a monotonically increasing function of debt. Under these conditions, the sovereign faces two possible constraints: the natural debt limit and the credit ceiling. Thus, the following has to hold: i Tmin 0 b ≥ max − ∗ , b (b, T ) r 0



h



(20)



Independently from the effects of volatility on the credit ceiling, in the limit the natural debt 0



limit will tend to zero, while b (b, T ) ≤ 0. Therefore, for extremely high levels of volatility, the demand for debt will converge to 0. Given that as debt converges to 0, the risk premium has to 24



The subindex is used to highlight the fact that this ceiling will depend on the state of the economy.
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fall, in the limit the risk premium converges to 0. However, at intermediate levels of volatility, the effect of volatility on the credit ceiling might be the relevant restriction, and therefore we could observe higher risk premia and tighter ceilings. The next subsection will explore these issues further using numerical methods.



3.5



Calibration



Tax shocks and the TFP process are modeled jointly as a VAR(1) process, similar to Mendoza and Oviedo (2006). We use the TFP series for Argentina from 1960 to 2003 from Fern´andez-Arias, Manuelli and Blyde (2006) and the ratio of central government revenues to GDP from the GFS database and the Ministry of Economics and Production.25 Both series were de-trended using the Hodrick-Prescott filter with a smoothing parameter of 6.25, as recommended by Uhlig and Ravn (2002). Given that revenue data are available only since 1970, the sample period is 1970 - 2003. Let the vector xt be given by de-trended TFP (tf pt ) and the de-trended revenue to GDP ratio (revt ), such that xt = (tf pt , revt )0 . We estimate the following VAR(1): xt = Γxt−1 + εt , where Γ is a coefficient matrix of dimension 2 × 2 and εt is a white noise error vector with variancecovariance matrix Σ. The resulting estimates and variance-covariance matrix of residuals is given by (standard errors are in parenthesis): 







0.8583 1.4052      (0.1271) (0.8274)     ˆ= Γ  ;      −0.0309 0.6927    (0.0251) (0.1634)



 ˆ = Σ



 0.002664 0.000266 0.000266 0.000104







(21)



As we solve the model using discrete optimization methods, the VAR process has to be translated into a discrete approximation. Therefore, we use the quadrature procedure by Tauchen and Hussey (1991) to approximate the continuous VAR by a discrete Markov chain. In particular, we use 25 pairs of realizations of TFP and revenue shocks (5 different realizations for each ˆ are marginally significant, we set particular shock). Given that the off-diagonal elements of Γ them equal to zero. The average revenue to GDP ratio τ is set equal to 16.6%, which is the sample mean over the period considered above. 25



For 1989, revenue data are missing. In this case, we interpolated linearly between the surrounding observations.
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Several of the remaining parameters are drawn from the existing literature on economic fluctuations in EME. As Mendoza (1991), we set the coefficient of relative risk aversion δ equal to 2 and the labor elasticity parameter ψ equal to 0.455, which are both standard in the literature. For the probability of redemption α, we use the historical evidence presented by Tomz and Wright (2007), who estimate an average exclusion duration of around ten years. Thus, α is set equal to 0.10. This parameter is somewhat smaller than alternative values used in the literature (e.g. Aguiar and Gopinath, 2006) based on Gelos et al (2004) estimate of an average exclusion duration of 2.5 years after a default in the 1990’s. However, Gelos et al (2004) focus on a very short time period for such a relatively low probability event as a default. Also, the latest default by Argentina indicates that exclusion from international capital markets might be significantly longer; since defaulting at the end of 2001, Argentina has not been yet able to re-access international capital markets, as of 2007. Thus, we prefer the estimate of Tomz and Wright (2007), which is also consistent with the findings of Arraiz (2006) of long periods of exclusion from credit markets. The risk-free real interest rate r∗ is set to 2.5% per annum, which is the average ex-post real interest rate on 10-year US Treasury Bonds for the period 1997 - 2006. The discount rate β is set equal to 1/(1 + r∗ ), i.e. 0.9756, while the probability of staying in power π is calibrated using the information from Alesina et al (1996) regarding the unconditional frequency of a major change in the executive in developing countries over the period 1950 - 1982 for 108 countries. This includes all “irregular” changes as well as “regular” changes. The resulting value for π is 0.735. Thus, the resulting effective discount factor of the government is around 0.72. While this value is low, it is relatively high compared to many models in the literature; Aguiar and Gopinath (2006) use a discount rate of 0.8 calibrated to quarterly data which would imply a rate of around 0.41 for annual data. Similarly, Martinez, Hatchondo and Sapriza (2007) model default with two different types of politicians that differ in their degree of impatience with quarterly discount rates are 0.9 and 0.6, respectively, which again result in lower annual discount factors than the one used in this paper. Arellano (forthcoming) uses a rate of 0.953 for quarterly data, resulting in an annual discount rate of 0.82.26 26



From a quantitative point of view, most of these models need low discount factors to create enough default episodes. This is also true in other models of lack of commitment, like Alvarez and Jermann (2001), who analyze the asset pricing implications of an endogenous incomplete markets model using a relatively low discount factor to make incentive compatibility constraints tighter and match equity premia for the US.
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Table 4: Baseline Parameter Values



Parameter β r∗ α ψ δ τ π η



Value 0.9761 0.025 0.10 0.455 2 0.166 0.735 0.031



Finally, with respect to the evolution of revenues under default, we follow Arellano (forthcoming) and model the function h(.) as:   (1 − η)E(τ ez Q) if τ ez Q ≥ E(τ ez Q) h(Q) =  (1 − η)τ ez Q else



(22)



The empirical motivation of this way to model revenues under default comes from the fact during the latest default episode in Argentina, output has remained below trend for almost 4 years while revenues have followed a similar path. From a mechanical point of view, the asymmetry between the revenue process under default and repayment increases the probability of default, given that default reduces the volatility of shocks. The parameter η is calibrated in order to match a probability of default of 3% per annum, which is also targeted by Arellano (forthcoming). The resulting value for η is 0.031, which is equal to the parameter chosen by Arellano (forthcoming) and close to the relative output loss of 2% per year estimated by Chuhan and Sturzenegger (2005). All parameters are presented in Table 4.
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Results



This section presents the main results from simulating the model outlined in section 1.3. The solution algorithm is presented in the appendix. First, we compare some moments of the ergodic distribution to the sample moments for Argentina. The first column of Table 5 shows the sample moments for Argentina, using annual data from 1980 to 2001, except for the spreads, which come from JPMorgan’s EMBI spreads for sovereign debt and which are only available since 1993. The correlations and standard deviations refer to HP-filtered series. Finally, the debt series we consider is the net external debt of the central government, from which we subtract net
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Table 5: Sample and Simulated Moments



Moments Argentina Model corr(output, spread) -0.71 -0.09 corr(output, tradebalance) -0.88 -0.17 E(b/revenue) -0.97 -0.23 E(spread) (bps) 783 418 σ(spread) 0.09 0.08 Def aultP robability 3.00% 3.01%



Full Commitment Model 0.00 0.57 -21.81 0.00 0.00 0.00%



international reserves, so that the debt aggregate is more similar to the one used in the model, as there are no debt holdings at the national level nor by the private sector in the model, so that the variable b refers to net foreign assets. As shown in Table 5, the model matches the sign of the empirical correlation between output and spreads, as well as the trade balance, although the absolute values are too small. The finding that model interest rates are higher when output is below trend and that capital flows are pro-cyclical are standard results in this literature (see Arellano, forthcoming; and Aguiar and Gopinath, 2006). These results are driven by the fact that in the model the incentive to default is higher during bad times. Therefore, when output and revenues are low, spreads will be higher, creating a disincentive to borrow. In contrast, when the model is solved assuming no commitment problems, such that the sovereign always repays the debt (column 3), capital flows are counter-cyclical, given that the government borrows from abroad during recessions to smooth expenditure and repays during booms, which is the standard result in small open economy models (see Mendoza, 1991). In addition, the baseline model generates an average debt-to-revenue level of around 23%. While this is around a third of the observed average debt-to-revenue level, it should be taken into account that the model allows only for one-year bonds. In the case of Argentina, e.g. short-term debt represented less than 1/4 of its total external obligations in the sample period. In addition, observe if the sovereign could fully commit to repay in all states of nature, debt holdings would be much higher, precisely more than 21-times the average revenue, which is completely at odds with the empirical evidence. In addition, it is interesting to point out that the model is able to create a relatively large spread.



Next, in order to analyze how volatility affects spreads in the model, we simulate the model for different levels of macroeconomic volatility. In order to do so, we hold fixed the coefficient
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matrix (Γ) of the joint TFP and revenue shock process remains the same, but multiply the variance and covariance matrix (Σ) by a factor that ranges from 0.25 to 3, which is close to the variation in the data used in section 1.2. The resulting average spread levels for different levels of volatility are presented in Figure 6. As this graph shows, the model generates the non-monotonic relationship between the spread and volatility observed in the data. The intuition for this result is the following. At relatively low levels of volatility, an increase in volatility primarily raises the probability of default, making default more likely for every level of debt. In addition, the incentives provided by the threat of exclusion at low levels of volatility are relatively low, and therefore the reduction in the demand for debt due to precautionary motives is relatively low. However, for sufficiently high levels of debt, the exclusion from capital markets in the event of default becomes more costly given the large fluctuations in the provision of public goods that would take place under autarky. Consequently, the government would borrow less, which makes it less likely that it would end up with a risky debt level on which the incentives to default are high. Figure 6: Average Simulated Spreads and Volatility 600
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This previous intuition can be corroborated by the relationship between volatility and average asset holdings and credit ceilings, presented in Figure 7. This figure shows the average level of asset holding as a fraction of revenues for different levels of volatility. In addition, it also reports the ceiling - defined as the level of assets beyond which creditors are not willing to extend 30



any further funds, given that the sovereign would default under all states of nature. Clearly, this ceiling is different for each point in the state space. The one reported in the graph refers to the average level of revenues in the model which does not change wit the increase in the variance of shocks. As Figure 7 shows, both average debt levels and the credit ceiling decrease initially with volatility, i.e. for higher levels of volatility the sovereign holds less debt and creditors are also willing to extend less credit. While the first fact can be explained by the standard precautionary savings result in incomplete asset market models (as in Mendoza and Oviedo, 2006), the lower supply of credit is explained by the fact that an increase in volatility makes default a more likely outcome. However, for sufficiently high levels of volatility, average asset holdings continue to decrease, while the credit ceiling becomes relatively less sensitive to increases in volatility, i.e. the slope of the credit-ceiling curve is smaller for higher levels of volatility. Thus, at sufficient high levels of volatility, precautionary savings tend to dominate the dynamics of debt, making default less likely and therefore dampening the effects of volatility on credit ceilings.



Figure 7: Average Net Asset Holdings, Debt Ceiling and Volatility −0.2
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This section so far has shown that the empirical non-monotonic relationship between spreads and volatility can be explained by a model with incomplete asset markets and default risk based on the trade-off between precautionary motives and increased default risk due to higher volatility. Next, we present some more intuition for this result based on a sensitivity analysis. 31



A key parameter related to the intuition for the non-monotonic relationship between spreads and volatility presented in the previous section is the coefficient of relative risk aversion. As discussed above, lower levels of this parameter should imply that default is more likely for a given level of net foreign assets, given that the sovereign would be less concerned about precautionary motives. Therefore, spreads should be higher for lower levels of risk aversion. In addition, give that prudential behavior is less relevant, the precautionary-savings effect should kick-in at higher levels of volatility. Figure 8 shows the relationship for the baseline parametrization with a coefficient of relative risk aversion (δ) equal to 2, as well as 1 (log utility) and 3. As it can be seen in the graph, the previous reasoning is confirmed by the simulations. Higher levels of risk aversion are associated with lower spreads for all levels of volatility. Furthermore, the tipping point happens at lower levels of volatility the coefficient of relative risk aversion is higher, which also confirms the intuition that precautionary motives become more relevant.



Figure 8: Average Simulated Spreads for Different Relative Risk Aversion Coefficients (δ) 700 delta = 2 delta = 1 delta = 3
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The next series of sensitivity analyses relate to changes in the effective discount factor via a higher probability of remaining in power for the sovereign (π = 0.9 instead of 0.735), changes in the cost of default parameter (η = 0.045 instead of 0.031), and a lower average period of exclusion (α = 0.4 versus 0.1). This higher value of α corresponds to an average exclusion 32
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0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00



Variance relative to baseline



Average Spreads (basis points) Average Asset Holdings/Revenues Baseline π = 0.9 η = 0.045 α = 0.4 Baseline π = 0.9 η = 0.045 α = 0.4 40 6 24 738 -0.25 -0.24 -0.34 -0.12 213 6 123 746 -0.24 -0.20 -0.31 -0.15 268 5 170 779 -0.24 -0.17 -0.29 -0.17 418 0 238 752 -0.23 -0.13 -0.28 -0.18 477 0 362 1160 -0.23 -0.11 -0.26 -0.19 510 0 408 1445 -0.23 -0.09 -0.26 -0.22 534 0 495 2106 -0.23 -0.07 -0.26 -0.22 530 0 504 2940 -0.22 -0.05 -0.25 -0.24 543 0 496 3264 -0.22 -0.05 -0.24 -0.24 515 0 481 3240 -0.22 -0.03 -0.23 -0.25 498 0 484 4080 -0.21 -0.03 -0.22 -0.27 478 0 456 4753 -0.21 -0.02 -0.21 -0.28



Table 6: Robustness under Alternative Parameterizations



period of 2.5 years after a default. Results are reported in Table 6. With respect to spreads, qualitatively all results go in the expected direction. A higher level of political stability induces the sovereign to be less impatient and therefore worry more about the future utility costs of default. This allows the sovereign to borrow at a substantially lower cost. For example, at the level of volatility estimated for Argentina, a higher value of π allows the government to pay on average the risk-free rate, while it contracts significantly less debt (10 percentage points less of a fraction of revenues than under the baseline parametrization). It is interesting to point out that for π = 0.9 the risk premium is very small and declines very fast with the level of volatility, which shows that the prudential motives dominate at all levels of volatility considered. This is confirmed by the fact that for π = 0.9 the average level of debt also declines faster with the level of volatility, in contrast with the other cases presented in Table 6 where there is a significant risk of default and average debt levels decline at a slower pace. Thus, a higher political stability induces more patience on behalf of the sovereign, reducing the demand for debt, the probability of default and the risk premium on sovereign debt. With respect to the effects of changing the cost of default parameter η, the simulations show that the risk premium is smaller at all levels of volatility, which is reasonable, given that if default is more costly the sovereign will try harder not to default for a given level of debt. Average debt holdings are higher than under the baseline case and decrease also with the level of volatility. These results confirm the common wisdom that higher cost of default can be beneficial for the borrower, because it reduces the cost of credit and increases the supply of credit. Finally, we analyze also the case of a higher probability of regaining access to capital markets after a default (α). In this case, the spreads are extremely high compared to those observed in the data. It should also be pointed out that for the range of volatility presented in Table 6 the risk premium is monotonically increasing. However, for a level of volatility 5.5 times larger than the baseline, a decline in spreads similar to the other cases is observed. This result is explained by the fact that a very high probability of being pardoned after a default reduces greatly any prudential behavior on the part of the sovereign. The simulated average debt levels under this parametrization are also consistent with this less prudent behavior. The average levels of debt holdings increase with volatility, contrary to all other parameterizations in which debt declines with volatility. Overall, these results again show the importance of the tradeoffs between precautionary motives and a higher default risk in the presence of an increase in volatility. 34
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Conclusions



This paper analyzes the effects of volatility on sovereign default risk. Empirically, the papers establishes a “new” empirical fact, namely a non-monotonic relationship between spreads and macroeconomic volatility. While for low levels of volatility an increase in volatility is associated with an increase in the sovereign risk premium, for sufficiently high levels of volatility this relationship turns negative. This empirical relationship is robust to different estimation methods, samples and control variables. The paper also provides a quantitative model of default risk consistent with this feature and other characteristics of EME debt. In the model, there is a trade-off between a higher default probability due to the increase in the variance of shocks and an increase in precautionary savings motives by the sovereign due to a higher degree of volatility in public expenditures if the sovereign cannot access capital markets for some time after a default episode. At low levels of volatility, the first effect dominates, given that the welfare loss under autarky is relatively small in comparison to the present gain associated with debt. However, for sufficiently high levels of volatility, the cost of potential exclusion becomes more relevant and dominates the trade-off. The analysis presented in the paper also yields some insights regarding the different behavior of EME in recent times regarding the accumulation of net foreign assets, especially in the form of reserves. Extremely volatile economies would tend to accumulate less debt - or hold more net assets - in order to self-insure against adverse shocks, while economies with lower levels of volatility would hold more debt. This result has been standard in the incomplete asset market literature since Aiyagari (1994) and has also been applied by Durdu, Mendoza and Terrones (2007) to EME. However, this paper is the first to explain the mechanics of why EME countries with very high levels of volatility tend to have lower spreads than countries with lower levels of volatility. For example, the quantitative model as well as the empirical evidence imply that countries with very high revenue volatility like Korea and China would demand less debt and pay a lower risk premium than Argentina or Brazil. While a reduction in volatility in general is associated with an increase in social welfare, the simulations of the model presented in the paper show that for certain levels of volatility a reduction in volatility might increase the incentives to default on sovereign debt, which in general implies a reduction in the possibility to smooth consumption. The paper shows that higher political stability that induces more patience on behalf of the sovereign, as well as higher default costs, are associated with lower
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spreads and higher sustainable debt levels. Thus, a reform agenda that targets these problems in addition to volatility seems promising in reducing vulnerabilities. However, in order to reduce the pro-cyclicality of capital flows and increase international risk-sharing, additional mechanisms that allow for more state-contingent instruments and reduce the frictions that generate lack of commitment by the sovereign are needed.
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