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Abstract

Country risk premia can substantially affect macroeconomic dynamics in open economies.

The literature accentuates a number of factors that affect risk premia. We concentrate

on one of the most important - a country’s net foreign asset position and - in contrast

to the existing research - investigate its nonlinear link to risk premia. The importance

of this particular nonlinearity is twofold. First, it bears a close relationship to debt

crises. Second, such a nonlinear relationship is a standard ingredient of DSGE models,

but its proper calibration/ estimation is missing. Our estimation shows that indeed the

link is highly nonlinear and helps to identify the level of NFA position where serious

and posibly dangerous nonlinearities kick in at about -100% of GDP. We also provide a

proper calibration of the risk premium - foreign debt relationship for DSGE modelers.
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1 Introduction

Country risk premia have the ability to substantially affect macroeconomic dynamics in open

economies. This is particularly the case when spreads shoot up (as they for instance recently

did in Greece) effectively cutting of the economy off from borrowing. What stands out in this

context is the potential of risk premia to cause a debt crisis. If a country is highly indebted

investors may fear about its solvency. As a consequence risk premia could rise, increasing

debt servicing costs and, as a consequence, possibly further increasing foreign debt. This

mutual relationship can not only have bearing consequences for indebted countries, but also

make the relationship between foreign debt and risk premia highly nonlinear. As explained

below this paper pays particular attention to the nonlinear nature of the relationship between

country risk and foreign debt.

Given their importance, risk premia have received substantial attention in the literature,

both empirical and structural (DSGE). Empirical papers concentrate on finding the deter-

minants of country risk. The list of related papers is long and includes i.a. Ferrucci (2003);

Ciocchini et al. (2003); Baldacci and Kumar (2010) and Bellas et al. (2010). Fouejieu and

Roger (2013) provide an extensive literature review on the topic. These studies point at

a number of important risk premium determinants, including the fiscal balance and debt,

foreign debt or net foreign assets, political stability, exchange rate volatility, financial sector

characteristics, the ability to borrow in domestic currency or external liquidity conditions.

Several papers point out the crucial role of foreign debt, however it usually enters the es-

timated equations in a linear fashion. To motivate our case we present on Figure 1 the

scatterplot of our two main data series - the interest rate differential between a country’s

and the United States’ long term bonds and its net foreign asset position. The non-linear

relationship is evident, although one should remember that this picture does not control for

other, possibly important factors.

In the DSGE literature risk premia play a very important role - following Schmitt-Grohe

and Uribe (2003) endogeneous risk premia, driven by a country’s net foreign asset (NFA)

position are used to pin-down foreign debt and allow for solving DSGE models of small, open

economies (e.g. Adolfson et al. 2007; Christoffel et al. 2008; Justiniano and Preston 2010).

The source of the problem is that without an endogeneous premium a small, open economy

could borrow any amount at the world interest rate.

As already explained, the NFA position plays a crucial role in both streams of the litera-

ture. However, both streams miss something important. The empirical literature has so far

concentrated on modeling a linear relationship between the risk premium and NFA (or gross

foreign debt) position. This misses the crucial problem of debt traps. The DSGE literature

in contrast, usualy focuses on a nonlinear (e.g. exponential) relationship, however it neglects
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its calibration. This may bias the models dynamics.

In this paper we focus our attention on the nonlinear relationship between the risk pre-

mium and the NFA position of a country. We see two important contributions, one for policy

and one for modeling. Both are not offered by linear models. First, from the policy perspec-

tive our estimates help to determine the regions where the premium becomes particularly

elastic to debt and - as a consequence - the economy risks falling into a debt trap. From

the modeling perspective, we offer a ready-to-use calibration of the risk premium - NFA

relationship that can be applied in DSGE models. Of course one has to bear in mind that

the relationship offers rather a shortcut than a structural linkage. From this perspective our

results could also be considered as motivation to provide a structural derivation of this link

in the DSGE literature. Our results could then serve as a check whether the derived link is

in line with empirics.

The paper consists of two parts. In the first we estimate a nonlinear model of the

risk premium, focusing primarily on its relationship with the NFA. We collect data for 40

advanced and emerging economies and show that indeed the link is highly nonlinear. For

positive and mildly negative NFA positions the risk premium to NFA elasticity is slightly

negative. However, once NFA worsens further the elasticity decreases substantially. We

identify the level at which strongest nonlinearities kick in at approximately -100% NFA to

GDP ratio. At this level of foreign debt risk premia increase very strongly - the semi-elaticity

of spreads with respect to NFA increases more than tenfold compared to normal times. As

a consequence a country can be cought in a debt trap.

The second part provides a choice of estimated risk premium - foreign debt relationships

that can be directly applied in DSGE models. Such relationships have for a long time

constituted an important ingredient of small open economy DSGE models. However, their

calibation was supposed to provide model stability rather than reflect the elasticities found

in the data. We fill this gap.

The rest of the paper is organized as follows. Section 2 discusses the data and Section 3

our econometric procedure and results. Section 4 discusses the application of our results for

DSGE modeling. Section 5 concludes.

2 Data

We collect annual data for 40 advanced and emerging economies (see Table 1 for a list).

Our panel extends from 1990 to 2014, is however unbalanced due to limited availability

of data on long-term interest rates. Our dependent variable is defined as the difference

between a country’s long-term ineterest rate and the rate for United States. The data comes

from International Financial Statistics and Bloomberg and in most cases represents the yield
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on 10-year government bonds. For a few countries, where 10-year bonds were missing we

approximate the spread using 5-year bonds.

Following the literature we use the following set of explanatory variables:

• Net foreign asset position - the data is drawn from the IMF’s database constructed for

the External Balance Assesment exercise (IMF, 2013). The series is and update on the

NFA statistics provided by Lane and Milesi-Ferretti (2001).

• General government gross debt to GDP ratio (source: World Economic Outlook)

• General government net lending to GDP ratio (source: World Economic Outlook)

• VXO (source: Chicago Board of Trade)

• Foreign exchange reserves to GDP ratio (source: World Development Indicators)

• CPI inflation (differential to US inflation) (source: World Development Indicators)

• Current account balance (source: World Economic Outlook)

• GDP per capita (at purchasing power parity) relative to the US (source: World Eco-

nomic Outlook)

• Exchange rate volatility (unconditional volatility based on monthly data) (source:

Bank for International Settlements and International Financial Statistics)

3 Model and estimation

3.1 Econometric approach

We assume the non-linear relationship between a country’s risk premium and the value of

its net foreign assets. In particular we expect that the semi-elasticity of the risk premium

with respect to its NFA position increases as the latter variables approaches on negative

values. We capture this non-linear relationship using panel smooth transition regression

(PSTR) model as proposed initially by Granger and Teräsvirta (1993) and Teräsvirta (1994)

for time series and cross sectional data and extended by González et al. (2005) for panel data.

We differentiate between two regimes, which depend on the level of the country’s external

indebtedness.

González et al. (2005) propose a model, for which the transition function has been defined

ex ante as a logistic function. In contrast we start from a more general form of non-linearity

and test for the distribution of the transition function. Therefore we formulate a fixed effects

PSTR model which takes a general form:
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yit = µi + δ1NFAit +G (sit; γ, c) · δ2NFAit + β′xit + uit, (1)

where G(sit; γ, c) is a transition function allowing for the non-linear relationship between

the country’s risk premium yit and the net foreign assets position (NFAit). Moreover xit

stands for the vector of other variables affecting the risk premium (as listed in Section 2),

µi express the fixed individual effects while uit are the error terms. We investigate two

alternative transition functions usually proposed in the literature, the logistic function:

G(sit; γ, c) = (1 + exp{−γ(sit − c)})−1; γ > 0 (2)

and the exponential function:

G(sit; γ, c) = 1− exp{−γ(sit − c)2}; γ > 0. (3)

The variable sit in (2) and (3) is the transition variable, c is a threshold parameter,

while γ is a transition parameter, which measures the speed of transition from one regime

to another. The restriction γ > 0 is an identifying restriction.

The transition functions described by (2) and (3) are bounded between 0 and 1. It means

that the parameter measuring the semi-elasticity of the risk premium with respect to net

foreign assets position may vary between δ1 and δ1 + δ2 along with the transition variable

sit. The logistic function (2) approaches zero for very large negative values of the transition

variable and approaches one for very large positive values. The exponential function (3)

approaches unity for very large both positive and negative values of the transition variable

st and is close to zero when st is equal to the value of the threshold parameter c.

We assume that the semi-elasticity of the risk premium with respect to the country’s

NFA position depends on its NFA stock. Therefore the transition variable sit in equation (1)

reflects the net foreign assets position and the PSTR model boils down to:

yit = µi + δ1NFAit +G (NFAit; γ, c) · δ2NFAit + β′xit + uit, (4)

If the PSTR model with the logistic transition function (2) is true, it implies that the

changes in external debt influence the risk premium to a different extent when the debt is

low and when it is high. On the other hand, when the exponential transition function (3)

is validated the semi-elasticity of the risk premium with respect to external debt changes

(probably rises) as debt increases but after exceeding a certain debt level it goes back to the

initial level.

We proceed in two steps. First we test for the presence of general PSTR non-linearity in

the form proposed by the model (4) against the linear panel model. The model (4) is linear
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if γ = 0 or δ1 = δ2. However under both hypothesis the PSTR model contains unidentified

parameters and the respective tests are non-standard (see Hansen, 1996 and Luukkonen et

al., 1988 for discussion). Therefore we adopt the method proposed by Escribano and Jordá

(2001), which allows to distinguish between two alternative transition functions: the logistic

and the exponential one.1 Following this approach we approximate the non-linearity in

model (1) by the second order Taylor series expansion of the PSTR model with exponential

transition function around γ = 0, which is the auxiliary regression for this test:

yit = ui + δNFAit + β′xit + λ1NFAitsit + λ2NFAits
2
it+

+λ3NFAits
3
it + λ4NFAits

4
it + uit

, (5)

After substituting NFAit into (5) as the transition variable sit we get the test regression

in the following form:

yit = ui + δNFAit + β′xit + λ1NFA
2
it + λ2NFA

3
it + λ3NFA

4
it + λ4NFA

5
it + uit, (6)

The null hypothesis of linearity is:

H0 : λ1 = λ2 = λ3 = λ4 = 0

and may be tested using LM type statistic.

Once the linearity is rejected the next step is to select between the PSTR model with the

logistic or exponential transition functions. Therefore following Escribano and Jordá (2001)

we test two hypotheses:

H0L : λ1 = λ3 = 0

and

H0E : λ2 = λ4 = 0

We choose the PSTR model with logistic (exponential) transition function if the minimum

p-value is obtained for H0L (H0E), conditionally on rejecting linearity.

After the transition function has been selected we estimate the parameters of the non-

linear model (4). For the smooth transition regression model with fixed effects González

et al. (2005) propose the application of the within estimator and non-linear least squares

(NLS). As for the linear within estimator we remove first the fixed effects from the model by

1González et al. (2005) propose the testing procedure where the non-linear (logistic) transition function
in equation (1) is approximated by the first order Taylor series expansion. Since we would like to test the
general non-linearity first and then select between the transition functions we do not follow this procedure,
which implies ex ante the logistic distribution of the transition function.
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subtracting the individual specific means from the data. Then we apply the non-linear least

squares estimator to the transformed variables.

The algorithm which allows to compute the within estimator for the panel STR model

differs slightly as compared to the linear case. Since the model is non-linear the values of

some explanatory variables in (4) depend on the parameters of the transition function c and

γ. Therefore respective explanatory variables and their individual specific means are varying

with the iterative estimation of the parameters of the transition function. For that reasons

they have to be recomputed at each iteration (see González et al., 2005 for details).

3.2 Estimation results

We start the analysis by specifying the linear model first. We relate the risk premium to

country’s net foreign assets position as well other variables which may potentially affect the

risk premium: the general government debt level, the fiscal balance, the inflation differential,

the ratio of FX reserves to GDP, the C/A balance and GDP per capita.

We estimate a static fixed effects model with the standard errors corrected for the presence

of autocorrelation and remaining heteroscedasticity. The estimation results for the linear

model with country fixed effects have been collected in Table 2. In the first column we

present the risk premium model including the whole initial set of potential explanatory

variables. Some of them prove to be statistically insignificant. In particular we find the risk

premium not to be affected by the value of foreign exchange reserves as related to country’s

GDP. Moreover the yield differential is not influenced by the changes in the current account

balance.

This latter result combined with the statistical significance of the net foreign assets po-

sition allow concluding that the investors in the assessment of the country’s risk premium

pay more attention to the stock of the external indebtness rather than to its changes. All

other explanatory variables included initially in the risk premium model prove to have a

statistically significant impact on the yields differential.

Our estimates seem consistent with economic intuition. The risk premium depends pos-

itively on the general government debt and on the inflation differential, which partially

captures the difference in the short term nominal interest rates. We also observe a positive

relationship with exchange rate volatility. Furthermore the estimation outcome shows that

the yields differential decreases as the real convergence process occurs. We evidence that

the progress in the stage of convergence expressed by the relative GDP per capita limits a

country’s risk premium. The premium is also negatively affected by the general government

balance. It is worthy to note that the risk premium is influenced by both the government

debt and the fiscal deficit. Interestingly in contrast to the external indebtness the investors
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account for the stock but also the flow fiscal variables.

In the second column of Table 2 we show the final specification of the linear fixed effects

model with statistically significant explanatory variables only. The semi-elasticity of the risk

premium with respect to inflation differential amounts to 0.54 which means that the increase

of country’s inflation as compared to US inflation transmit to the long term yields differential

only by a half. The semi-elasticity of the public debt is relatively low and equals 0.023 – the

growth of general government debt to GDP ratio by 1 p.p. raises the yields differential by 2.3

bps. The reaction of the investors to changes in the general government balance is stronger.

The improvement of the fiscal balance by 1 p.p. reduces the yields differential by ca. 7 bps.

However it is worth to note that both fiscal variables are correlated with each other because

the improvement of the fiscal balance might lead to the reduction of the borrowing needs and

furthermore to decrease of public debt. Hence the isolated impact of each of these variables

may be stronger.

The net foreign assets position is statistically significant - its improvement by 10 p.p.

shrinks the yields differential by slightly more than 8 bps.

At this point the issue of potential endogeneity of the explanatory variables has to be

raised. As far as the fiscal variables are concerned this problem seems to be negligible

since the change in long-term yields differential affects the current level of debt and fiscal

deficit only to minor extent. That is because the change in long-term yields influences only

the costs of the debt service for the new issuance of the long-term sovereign bonds, which

constitutes usually only a small part of the whole debt service costs. We also do not expect

the endogeneity problem in case of the net foreign assets position since we use the NFA

stock measured at the end of the preceding year. We believe that the only explanatory

variable which may be endogenous in our model is the variable representing the exchange

rate volatility. To address the problem of potential endogeneity we instrument this variable

by its first differences and by the VXO index measuring the level of risk aversion on the

global financial markets

The results for the model with instrumented exchange rate volatility variable have been

collected in the third column of Table 2. The Sargent J-test fails to reject the hypothesis

about the proper choice of instruments at the 5% significance level. The results achieved

for the model with instrumental variables do not differ substantially as compared with the

estimation results for the model estimated with the OLS presented in column (2). Only

the coefficient estimate for exchange rate volatility is slightly smaller. The choice of the

estimation method does not alter the coefficient estimates for other variables.

As a next step we test for the potential non-linearity in the relationship between the

net foreign assets position and the country’s risk premium using the algorithm proposed by

Escribano and Jordá (2001) described in more details in Section 3. First we estimate the
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second order Taylor series expansion for the PSTR model with exponential transition func-

tion, which is the auxiliary regression for this test. We verify the joint statistical significance

of the variables being the subsequent powers of NFA from the second to the fifth power in

equation (6). We collect the outcomes of this test in Table 3. We follow this testing proce-

dure for the model estimated with OLS (columns 1 and 2 in Table 3) and for the alternative

model, in which the exchange rate volatility has been instrumented (columns 3 and 4). The

appropriate test statistics allow rejecting the null hypothesis of linearity in favour of general

STR type non-linearity at any conventional significance level for both investigated models.

Once the linearity has been rejected we select further between the logistic and exponential

transition function in the PSTR model as described in Section 2. The outcome of this test

for the first model estimated with OLS (columns 1 and 2 in Table 3) clearly suggests the

choice of the exponential function as the appropriate transition function. The p-value for the

respective hypothesis is significantly lower than for the hypothesis implying the validity of

the logistic function. For the second model with instrumental variables the p-values for both

hypotheses are similar. Therefore we select the transition function relying on the results

achieved for the OLS model, which are more informative than for the instrumental variables

model and we finally choose the exponential function as the transition function in the PSTR

model.

Thus we estimate the non-linear PSTR model with the exponential transition function.

Accordingly we derive the coefficients of the model with OLS and with the IV method to check

for the potential endogeneity of the exchange rate volatility. We use the same instruments

as in the previous steps: first differences of the exchange rate volatility and VXO index. The

estimation results for both models are presented in Table 4.

In the first column we present the fixed effects model estimated with non-linear OLS

while in the second column we show the fixed effects model estimated with non-linear LS

with instrumental variables. The results validate the choice of the PSTR model with the

exponential transition function. The parameter reflecting the non-linear impact of the NFA

position on the risk premium is statistically significant at 5% significance level.

As pointed out in Section 3 the choice of the exponential transition function implies that

the parameter measuring the influence of the net foreign assets stock on the yields differential

is different when the NFA takes very large both negative and positive values than if the net

foreign assets position is moderate (the NFA value in the neighborhood of threshold level

which is being estimated). The results for the fixed effects model estimated with non-linear

OLS (column 1 in Table 4 ) show that the impact of the changes in NFA stock on the

country’s risk premium is the largest for NFA equal to ca -100% of the country’s GDP.

In the neighborhood of this value of the external indebtness the improvement in the NFA

position by 10 p.p. results in the compression of the risk premium by 19 bps. It is worth to
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remind that this effect is almost twice as large as for the linear model discussed previously.

For very large positive values of NFA the semi-elasticity of risk premium in respect to NFA

stock is only negligible. The improvement in NFA stock by 10 p.p. results in the decrease of

risk premium by only 1.3 bps. (the sum of coefficients δ1 +δ2 equals -0.13 – see Table 4). The

same holds for very large negative values of NFA. The interpretation of this phenomenon

may be as follows. In face of very large negative values of the external debt when the risk

of debt trap is substantial, only very large improvement in NFA position may change the

investors’ assessment of the country’s risk premium. As mentioned above the threshold level

at which the impact of changes in NFA position on the yields differential is the largest has

been estimated at ca. -100% of GDP. This threshold proves to be statistically significant at

the 5% significance level. The semi-elasticities are presented as function of the NFA position

on Figure 2.

It is worth to note that the results for the model estimated with instrumental variables

are very close to the OLS estimates. The only difference concerns the parameter estimate

related to exchange rate volatility being instrumented in the second model.

Finally if we compare the parameter estimates for other control variables in the PSTR

models with the respective estimates for the linear models presented in Table 2 we conclude

that they do not differ much. The only but still very little discrepancy concerns the param-

eter estimates related to the level of public debt. In the non-linear models the respective

coefficients are about 20 per cent smaller than in the linear case.

4 A simple rule for DSGE models

The relationship on which our study focuses - between the country risk premium and its net

foreign asset position plays an imporant role in constructing and solving DSGE models. As

explained in detail by Schmitt-Grohe and Uribe (2003), models of small open economies may

suffer from indeterminancy. This is because in a standard framework nothing pins down the

small open economies foreign debt level. Schmitt-Grohe and Uribe (2003) offer a number of

solutions to this problem, i.a. endogenous discount factors, convex portflio adjustment costs

or a debt elastic country interest rate premium.

The last solution has been found particularly popular, several small open economy DSGE

models have been solved by adding this feature (e.g. Adolfson et al. 2007; Christoffel et al.

2008; Justiniano and Preston 2010). The original specification, from which most future

studies borrow is as follows:

yDSGE
t (d) = ψ

(
exp(dt − d̄)− 1

)
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where yDSGE
t is the risk premium, dt is net foreign debt to GDP ratio and d̄ is its steady

state level.

Under such a function foreign debt is pinned down in steady state and the positive

slope of the function guarantees its stability around this level. What is problematic is the

calibration. While the steady state debt can be usualy recovered from the country’s data,

things are more complicated when it comes to the debt elasticity. For many countries there

may not be enough volatility in the data to allow for a succesful time series estimation.

Even less promising seems finding the parameter via system estimation of the whole DSGE

model. First, such estimation does not usualy feature control variables which, as we show,

are important determinants of the premium. Second, for technical reasons estimation of

DSGE models is conducted for their linearized version. However, we have shown, that the

relationship is strongly nonlinear.

In what follows we offer a selection of estimated relationships that can be directly applied

into DSGE models. In preparing them we take into account a number of issues.

• In contrast to our econometric specification, DSGE models usualy do not feature control

variables like exchange rate volatility. We keep them in the estimation to avoid biased

parameters, but ignore them in the final specification.

• Most of the DSGE models under consideration are of quarterly frequency. We adjust

the parameters accordingly to make it compatible with models where for instance

yDSGE
t = 0.025 is a 25 basis point premium expressed on quarterly basis.

• DSGE models usualy contain a net foreign debtvariable instead of net foreign assets.

The variable is expressed relative to quarterly GDP, and so is our function.

• In the presented estimations NFA was measured at the end of the previous period.

Accordingly dt will denote debt at the end of period t− 1.

• Most applications of DSGE models rely on perturbation methods for their solution.

As a result any nonlinear function (be it exponential or logistic) is approximated by a

polynomial of order equal to the degree of perturbation. Nonlinear functions are usuful

primarily for deterministic simulations of DSGE models. Hence, on top of the nonlinear

relationship estimated before (and transformed as described above) we provide the

estimation of a quadratic relationship aplicable for second order perturbation.

Following the above we provide two relationships, that can be applied in DSGE applications.

The quadratic equation is:

yDSGE
t = ψ1,1dt + ψ1,2d

2
t (7)
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and the nonlinear equation:

yDSGE
t = ψ2,1dt + ψ2,2dt

[
1− exp

(
ψ2,3 (dt + ψ2,4)2)] (8)

The parameters of equations (7) - (8) are given in Table 5.

5 Conclusions

This paper explores the nonlinear relationship between the country risk premium and its net

foreign asset position. This nonlinearity is of particular importance since it may lead coun-

tries into debt traps. If risk premia initially increase slowly with worsening NFA positions

and then suddenly jump the country may not be able to serve its foreign debt anymore.

Moreover, the resulting sharp increase in financing costs will cause an economic recession.

Greece could serve as a recent example of such unpleasant developments.

We estimate a nonlinear panel model based on data from 40 advanced and emerging

economies. Our specification is flexible enough to allow for a wide range of nonlinearities. The

data favors a nonlinear relationship with a smooth exponential transition function between

low and high elasticity regimes. For positive and mildly negative NFA positions the risk

premium elasticity is slightly negative. However, once NFA worsens further the elasticity

decreases substantially. The strongest impact is experienced for NFA being approximately

-100% of GDP.

As an important by-product of our estimation we provide a choice of risk premium -

foreign debt relationships that can be applied in DSGE models. Such relationships have

for a long time constituted an important ingredient of small open economy DSGE models.

However, their calibation was supposed to provide model stability rather than reflect the

elasticities found in the data. Our paper offers such calibrations.
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Tables and Figures

Table 1: List of countries included

Country Sample Country Sample
Australia 1991-2014 Korea 1995-2014
Austria 1991-2013 Malaysia 1994-2014
Belgium 1991-2014 Mexico 1997-2014
Brazil 2011-2014 Morocco 1999-2012

Canada 1991-2014 Netherlands 1991-2014
Chile 2006-2013 New Zealand 1991-2013
China 2007-2014 Norway 1991-2013

Colombia 2003-2013 Pakistan 1995-2013
Costa Rica 2013-2014 Philippines 1995-2007

Czech Republic 2001-2013 Poland 2002-2014
Denmark 1993-2013 Portugal 1991-2013
Finland 1991-2013 Russia 2006-2011
France 1991-2014 South Africa 2001-2014

Germany 1993-2014 Spain 1991-2014
Greece 1994-2013 Sweden 1994-2014

Hungary 2002-2013 Switzerland 1991-2014
India 2000-2014 Thailand 1997-2014

Indonesia 2004-2014 Turkey 2007-2014
Ireland 1996-2013 United Kingdom 1991-2014
Italy 1991-2014 Uruguay 2004-2013

Japan 1991-2014
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Table 2: Estimation results - linear model.

(1) (2) (3)

FE-OLS FE-OLS FE-IV

NFA -0.905* -0.834* -0.842*

(0.496) (0.476) (0.456)

INF DIF 0.539*** 0.533*** 0.481***

(0.084) (0.084) (0.092)

EXRATE VOL 0.160*** 0.155*** 0.104**

(0.053) (0.052) (0.042)

GG DEBT 0.021* 0.023* 0.026*

(0.011) (0.013) (0.014)

GG BALANCE -0.084*** -0.069** -0.071**

(0.029) (0.033) (0.034)

GDP PER CAP -6.493 -6.962 -7.013

(4.326) (4.521) (4.735)

FX RESERVES -1.122 - -

(2.188)

CA BALANCE 0.066 - -

(0.043)

const 3.600 3.720 3.642

(2.657) (2.690) (2.772)

R2 0.748 0.744 0.735

Adj R2 0.729 0.726 0.714

Obs 693 695 650

J-test (p-value) - - 0.778

Note: The models in columns (1) and (2) are the fixed effects models estimated by OLS. The model in column (3) has been

estimated using IV estimator. We instrumented variable EXRATE VOL with its first differences and VXO variable. The

detailed description of control variables: see Section 2. White period standard errors in parentheses. *** p<0.01, ** p<0.05, *

p<0.1.
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Table 3: Linearity tests.

FE-OLS FE-IV

(1) (2) (3) (4)

Test LM LMF LM LMF

H0 : λ1 = λ2 = λ3 = λ4 = 0 12.858** 3.006** 19.156*** 4.789***

(0.0120) (0.0179) (0.0007) (0.0008)

H0L : λ1 = λ3 = 0 4.028 1.871 9.163** 4.582**

(0.1335) (0.1547) (0.0102) (0.0106)

H0E : λ2 = λ4 = 0 12.089*** 5.650*** 8.960*** 4.480***

(0.0024) (0.0037) (0.0113) (0.0117)

Note: The numbers in the table are the values of the test statistics to verify the following hypotheses: the hypothesis of linearity

against the general PSTR non-linearity (H0), the hypothesis of linearity against the PSTR model with logistic transition function

(H0L), the hypothesis of linearity against the PSTR model with exponential transition function (H0E). The auxiliary regression

is the equation (6). The numbers in columns (1) and (2) refer to the fixed effects model estimated with OLS while the numbers

in columns (3) and (4) refer to fixed effects model estimated with IV estimator. We instrumented variable EXRATE VOL with

its first differences and VXO variable. For FE model we used likelihood ratio Chi2- and F -type test statistics while for IV

model we applied Wald Chi2- and F -type test statistics. The detailed description of control variables: see Section 2. Likelihood

and Wald test p-values in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 4: Estimation results - PSTR model with exponential transition function.

(1) (2)

FE-OLS FE-IV

NFA (δ1) - regime I -1.900*** -1.870***

(0.722) (0.720)

NFA (δ2) 1.768** 1.721**

(0.714) (0.711)

NFA (δ1 + δ2) - regime II -0.132 -0.149

- -

Transition parameter (γ) 12.93 13.23

(9.670) (10.06)

Threshold parameter (c) -1.031*** -1.035***

(0.074) (0.073)

INF DIF 0.540*** 0.533***

(0.067) (0.065)

EXRATE VOL 0.153*** 0.201***

(0.047) (0.058)

GG DEBT 0.018** 0.019**

(0.009) (0.009)

GG BALANCE -0.067*** -0.067***

(0.024) (0.025)

GDP PER CAP -7.374** -7.314**

(3.115) (3.162)

R2 0.336 0.334

Adj R2 0.328 0.326

Obs 695 695

Note: The numbers in column (1) and (2) refer to PSTR model with exponential transition function with fixed effects. The

model in column (1) has been estimated with OLS while the model in column (2) with IV estimator. The detailed description

of control variables: see Section 2. HAC standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table 5: Parameters for DSGE models

quadratic model ψ1,1 0.00178 ψ1,2 0.000575
nonlinear model ψ2,1 0.00475 ψ2,2 -0.0044 ψ2,3 -1.03 ψ2,4 -12.93
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Figure 1: Interest rate spreads and NFA positions
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Figure 2: The estimated semi-elasticity of the risk premium with respect to NFA
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