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Abstract

This article presents a quantification of the response of the sovereign risk 
premium (EMBI) of a group of Latin American countries, to unexpected 
changes (shocks) in external financial variables. The main contribution of 
the paper is to use the estimated parameters of a vector autoregression (VAR) 
model using a special Cholesky variance-covariance decomposition as a tool 
for risk scenario’s assessment. The proposed interpretation of the estimated 
matrix allows for the quantification of the impact of more than one shock and 
also to quantify spillovers. A VAR is estimated for each country (Colombia, 
Chile, Mexico, and Peru) in monthly frequency that includes China’s and 
Brazil’s EMBI, the global volatility index (VIX), plus the value of the dollar 
against a basket of currencies (Broad Index) and a proxy of the slope of the 
US Treasury yield curve (Spread US). The VIX and Broad Index shocks turn 
out to have a relatively homogenous effect on each country’s EMBI, while 
shocks to the China and Brazil EMBI are more heterogeneous. For the case 
of Chile, we further study three alternative risk scenarios, incorporating 
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the copper price as an additional variable. The most disruptive scenario at 
the time when the shock hits is the “Volatility driven” one. Nevertheless, it 
is the “Emerging markets” scenario (namely one with simultaneous shocks 
to China’ and Brazil’s EMBI) the one with the most harmful dynamics, as it 
dyes out slower. Finally, a “Copper price bust” scenario, in which the price 
of copper drops significantly in addition to a shock to the EMBI China, is 
the one with the least effect as the price of copper is relatively less affected 
by shocks to other variables, displaying lower spillovers.

Keywords: Chile, China, Latin America, external financing cost, vector 
autoregressions, scenario analysis.

JEL Classification: E43, E44, G15, G19.

Resumen

Este artículo cuantifica la respuesta del premio por riesgo soberano (EMBI) 
de un grupo de países latinoamericanos a cambios inesperados (shocks) de 
variables financieras externas. La principal contribución de este artículo es la 
aplicación de los parámetros estimados de un modelo de vector autorregresivo 
(VAR) utilizando una descomposición especial de la matriz de varianza-
covarianza como una herramienta de análisis de escenarios de riesgo. La 
interpretación propuesta de la matriz estimada permite la cuantificación 
del impacto de más de un shock y cuantificar el efecto derrame. Se estima 
un vector autorregresivo para cada país (Colombia, Chile, México, y Perú) 
en frecuencia mensual incluyendo el EMBI de China y Brasil, un índice de 
volatilidad global (VIX), el precio del dólar respecto de una canasta de monedas 
(Broad Index), y una proxy de la curvatura de la Tasa de Bonos Soberanos de 
EE.UU. (Spread US). Los shocks del VIX y del Broad Index poseen un efecto 
relativamente homogéneo en el EMBI de cada país, mientras que los shocks 
del EMBI de China y Brasil son más heterogéneos. Para el caso de Chile, 
se analiza también la respuesta en tres escenarios de riesgo, incorporando 
el precio del cobre como variable adicional. El escenario más disruptivo al 
momento de enfrentar el shock es el denominado “Aumento en Volatilidad”. 
Sin embargo, el escenario denominado “Economías Emergentes” (esto es, 
shocks simultáneos al EMBI de China y de Brasil) es el que presenta la 
dinámica más perjudicial, debido a que se diluye más lento. Finalmente, el 
escenario de “Decaimiento del Precio del Cobre”, en el que el precio del 
cobre cae significativamente junto con un shock en el EMBI China, es el de 
menor efecto, porque el precio del cobre afecta relativamente menos al resto 
de las variables, exhibiendo un menor efecto derrame.

Palabras clave: Chile, China, América Latina, costo de financiamiento externo, 
vectores autorregresivos, análisis de escenarios.

Clasificación JEL: E43, E44, G15, G19.
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1. INTRODUCTION

This article presents a quantification of the response of the sovereign risk premium 
(measured by the Emerging Market Bond Index, EMBI) to unexpected changes 
(shocks) in external financial variables. The estimations are aimed at comparing the 
response of relatively similar Latin American economies. Also, and what turns out 
to be a main contribution of the paper, is to use the estimated parameters of a vector 
autoregression (VAR) model and a given Cholesky variance-covariance decomposition 
as a tool for risk scenario’s assessment. That allows us for quantifying the impact of 
more than one shock and also to account for spillovers. We follow a similar approach 
than Diebold and Yilmaz (2009) by using high frequency data and obtaining spillover 
effects directly from a variance decomposition of the VAR.

The motivation of this article stems largely from the fact that international financial 
shocks may lead to a sudden decompression of risk premiums, negatively affecting 
the cost of external financing for emerging economies (Aizenman et al., 2014; Mishra 
et al., 2014; Eichengreen and Gupta, 2015). Focusing on external shocks only is an 
empirical decision as we are concerned on spreads’ dynamics, as well as cross country 
comparisons, rather than determining the actual level of each country’s EMBI. Also, 
there is a vast literature that shows that global factors explain a large share of the 
variation in emerging market credit risk, being the VIX and the US Treasury yield 
the two most significant factors (González-Rozada and Levy Yeyati, 2008; Pan and 
Singleton, 2008; Longstaff et al., 2011; Kennedy and Palerm, 2014).

The events that followed the financial crisis of 2007-8 justify our choice of 
variables, beyond what has been already tested in the literature. For instance, several 
of the observed corrections in financial asset prices have been related to news and 
actual decisions of monetary policy in the US, negatively affecting the US Treasury 
bond market1. Both the level and the slope of the yield curve have been affected, 
motivating the use of the difference between long and short US Treasury bond yields2.

Also, the stock of foreign currency denominated debt has increased substantially, 
which is per se a cause of concern. But the current context of enhanced volatility 
in the foreign exchange market, and high correlation among different asset prices, 
give additional justification for including the price of the US dollar, as the risk of 
appreciation has become more relevant (Constâncio, 2015; OFR, 2015b).

Finally, the slowdown of large emerging economies combined with financial 
vulnerabilities, is another channel that might impact the external cost of financing of 
other emerging countries. In fact, China has been an increasing concern as a source of 
volatility in international financial markets, even though it maintains a highly controlled 
capital account. We include both China and Brazil’s EMBI as proxies of stress.

1 Market liquidity risk is an additional concern that has been more relevant in the corporate credit 
market, but increasingly worrisome in the US Treasury market, even though it remains the most liquid 
market (OFR, 2015a; PwC, 2015). Diminished liquidity during stress events is an element that further 
aggravates price corrections (BIS, 2015; Brainard, 2015; Joint Staff Report, 2015; Powell, 2015).

2 Other studies use the term spread as a determinant, for instance, Pan and Singleton (2008), and for the 
case of China, Eyssell et al. (2013).
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The results indicate that a shock to Brazil’s EMBI is the most relevant for all 
countries, reaffirming the fact that regional shocks are a main source of concern. 
Compared with the average EMBI level observed during 2015, the estimated impact 
of a one standard deviation (SD) shock ranges between 46 (Chile) and 100 basis points 
(bp; Colombia), after one quarter. The China shock is also economically relevant for 
all countries, and particularly more persistent for Peru and Colombia. Interestingly, the 
VIX shock turned out to be quantitatively similar to the China shock for the countries 
in the sample. These three variables are found to be the more relevant external financial 
risks among the ones considered. In turn, an unexpected appreciation of the US dollar 
was found to have a more limited impact than the rest of the shocks. Finally, shocks 
to the US Treasury term spread did not turn out to be statistically significant, except 
for Chile. In line with previous work, a negative impact is estimated (CBC, 2015)3.

For the particular case of Chile we further quantify alternative scenarios that 
exploit the main spillover channels. A “Copper price bust” scenario –which requires the 
inclusion of the price of copper in the specification– results in a cumulative effect on 
the EMBI Chile that is approximately 37% larger than the one obtained from a shock 
to the EMBI China. Two other scenarios were analyzed. The “Global volatility rise” 
scenario that combines a shock to the VIX and the EMBI Brazil turns out to be the 
most harmful in the short term, with low spillover to China. Yet, it dyes out quickly. 
Meanwhile, what we define as an “Emerging markets’ shock” scenario –combining 
EMBI Brazil and China– has the largest cumulative impact.

The rest of the article is organized as follows. Section 2 describes the econometric 
strategy; particularly, the VAR specification, the scenario analysis, and the dataset. 
Section 3 presents the baseline results for all Latin American countries as well as the 
scenario analysis for Chile. Finally, Section 4 concludes.

2. ECONOMETRIC SETUP

2.1. Vector autoregression specification

We chose to estimate the impact of global financial variables on the sovereign bond 
spread for a set of Latin American economies, namely Chile, Colombia, Mexico and 
Peru4. We do not include any real or fundamental variables as we focus exclusively 

3 A simple rolling ordinary least squares estimation shows, for the case of Chile, that the coefficient on 
US Treasury rates (and alternative measures) is on average negative, but it has been positive at times. 
For China, Eyssell et al. (2013) estimated a negative relationship as well, between the level of the Credit 
Default Swap (CDS) and the term structure slope (defined as the difference between the 10-year US 
Treasury yield and the 3-month US Treasury bill rate). Using a VAR for emerging countries, Uribe and 
Yue (2006) find that in response to an increase in US interest rates, emerging market sovereign spreads 
first fall and then display a large delayed overshooting.

4 While using a different specification that includes both real and financial variables, Matheson (2015) 
studies the response of the Brazilian economy particularly to US monetary policy normalization. He finds 
that money shocks can put pressure to trigger nominal exchange rate depreciation and output losses. Uribe 
and Yue (2006) also use a VAR specification for a set of emerging countries, on a quarterly frequency, 
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on the financial channels, and particularly on how the global variables interact. In 
order to achieve this, we estimate a VAR at monthly frequency.

The specification includes the set of global variables discussed above, which 
are common in the literature as determinants of emerging markets’ sovereign bond 
spreads (see for instance Hartelius et al., 2008; Bellas et al., 2010; Longstaff et al., 
2011; Doshi et al., 2015). These variables have also proven to be relevant causes of 
financial market stress, especially since the subprime crisis. The set includes the VIX, 
a measure of exchange rate and one related to the US Treasury bond market. For the 
latter, we consider the difference between the 10-year US Treasury bond yield and 
the one-year Treasury bill rate, because of the interpretation we could give to it as 
the current risk is mostly related to a faster correction on the yield curve more than 
an increase in the level of the long-term rate5. In order to capture emerging market 
risk we include the EMBI of China and Brazil.

The VAR model is estimated for each the four abovementioned countries using 
a common specification given by:

 
Xt = Spread  USt ,EMBI  Chinat ,Broadt ,VIXt ,EMBI  Brazilt ,EMBIi,t⎡⎣ ⎤⎦ ',

 
(1)

where EMBIi,t  corresponds to the logarithm of EMBI of country i={Chile, Colombia, 
Mexico, Peru}. Then, for the case of Chile only, we add the copper price to the set of 
variables in Xt. The model is specified simply as:

 Xt = θiXt−i + εti=1

p∑ ,  (2)

where θi  is k × k  matrix containing the coefficients of the lagged Xt  vector of 
variables, and εt  is a vector of errors where εt ~ iidN 0,σε

2( ) . The order p is chosen 
according to the Bayesian Information Criterion (BIC). This specification makes use 
of a set of financial variables not imposing a particular structure. However, the impulse 
response function is typically computed using a given Cholesky decomposition of the 
variance-covariance matrix, i.e. ∑ = PP ' , where P is a k × k  lower triangular matrix. 
For that, the ordering of the VAR is of special relevance and standard rule states that 
most exogenous variables should be in the first place and the most endogenous one 
last. As our variable of interest when studying country i is the EMBIi,t , it is always 
kept in the last place, as the most endogenous.

to study the relationship between emerging market business cycles and sovereign bond spreads. They 
find that most of the impact of an increase on US interest rates is channeled to the domestic variables 
through country spreads.

5 The results of the VAR estimations do not vary substantially if the US Treasury yield is included in 
level rather than as a long-short term difference.
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To deal with the ordering of the remaining variables, we make use of the Generalized 
Impulse Response Function (GIRF) which provides IRF estimations robust to the 
ordering of the variables in the VAR (see Annex A and Pesaran and Shin, 1998, for 
details). Further, GIRF allows us to interpret the results as scenarios where more 
than one variable co-moves with that shocked. The variable that is shocked is always 
positioned in first place (to then continue with a Cholesky decomposition), and thus 
the resulting effect includes the indirect impact of all the other exogenous variables 
included in the VAR specification, which is captured with the first column of the P 
matrix. A second joint shock is then captured with the second column of P, and so 
on, configuring a scenario of shock transmission.

2.2. Dataset

The source of EMBI variables, VIX, and copper price is Bloomberg, whereas for 
the Spread US and Broad Index is the New York Fed. The full sample is available 
from 1999.1 to 2015.9 (201 observations) at a monthly frequency. However, the EMBI 
Chile starts in 1999.5 after the issuance of the first sovereign bond by the Chilean 
government.

The data is transformed to logarithmic levels, except Spread US measured in 
percentage, so that all are measured in the same units6. All variables are depicted in 
Figure 1 across the full sample, and the descriptive statistics are shown in Table 1. 
Note that according to Table 1, series are stationary according to the Augmented 
Dickey-Fuller test at 10% of confidence level (and 12% for EMBI Peru)7. Figure 1 
shows a convergence of spreads until 2007. Then, when the financial crisis hits, all 
spreads experienced a significant increase and since then the series are characterized 
by a strong common component. Yet Chile appears at times less synchronized with 
its neighbors8.

Regarding the global variables, the Spread US is noticeably the most volatile 
series, followed by the VIX regarding its mean. It is worth mentioning that some 
movements of these two series are not necessarily associated to co-movements in 
the remaining global factors.

6 Others like Hartelius et al. (2008), and González-Rozada and Levy Yeyati (2008) also estimate the 
equation in log terms, being this the long-term specification. The latter also estimate the short-run 
relationship (error correction model) and find that all variables have a strong contemporaneous impact 
on spreads but no delayed effect.

7 We prefer the use of a VAR model instead of a vector error correction model (VECM) –which would 
not require any series transformation if they are cointegrated– for two main reasons. The first is the 
simplicity in which the economic analysis is conducted with a VAR model, and the results could be 
compared to other studies with ease. Secondly, and from an economic point of view, the sovereign risk 
premium –while highly persistent series– should be a stationary one. Hence, it is likely that ADF test 
may find an I(1) behavior for these series under a short sample environment.

8 In this article we document how different is the reaction among countries, but do not attempt to explain 
the reasons as to why the differences materialize. Aizenman et al. (2014), Mishra et al. (2014), and 
Eichengreen and Gupta (2015) explore which variables or country characteristics might explain the 
different response.
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FIGURE 1

EMBI AND GLOBAL VARIABLES TIME SERIES, 1999.1-2015.9 (*)
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Source: Authors’ elaboration based on Bloomberg and New York Fed data.

3. RESULTS

In this section we present two kinds of results. First, the estimated impact for 
each country’s EMBI faced to alternative external financial shocks. These results 
allow for a comparison of the relative importance of each shock within economies 
as well as among them. Then, for the case of Chile only, we report how the EMBI 
co-moves with external financial variables under alternative risk scenarios which 
combine shocks.
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3.1. Latin American economies

After estimating specification (1) –whose results suggest stationary according to 
the inverse roots of the AR characteristic polynomial (Annex B)–, Figure 2 presents 
the 3-month accumulated GIRF for the same shocks discussed above. We consider 
this horizon appropriate when analyzing financial markets that usually display a lot 
of short-lived volatility9. The estimations show heterogeneity across countries and, 
most importantly, among shocks within each country10.

An important driver of shocks, as we stated in the introduction, is increased 
macrofinancial risks in large emerging market economies. It turns out that a shock 
to the EMBI Brazil is the one that shows the largest percent impact on all countries’ 
EMBI, being Colombia the most affected. As seen in Figure 2, a 1SD shock (equivalent 
to a 386 bp increase on the EMBI Brazil) results in a 35% cumulative increase on 
its (log) EMBI. To have an order of magnitude, if we consider the 2015 average of 
the EMBI Colombia (240.1 bp), the increase after one quarter would amount to 100 
bp. Instead, the same exercise for Mexico and Peru results in 80 and 78 bp increases, 
respectively11. The least affected is Chile, with a 46 bp increase, with respect to its 
2015 average level as well.

China is also of particular interest, and the results give support to the concerns 
about eventual spillovers from this economy. After a 1SD shock (58 bp increase in 
the EMBI China), the 3-month cumulative impact on each country’s (log) EMBI is 
approximately 20%. Nevertheless, the instantaneous spillover is larger in Peru and 
Colombia (near 8%) versus Mexico and Chile (near 5.5%), suggesting different 
GIRF dynamics12. With respect to the 2015 average EMBI levels, the Latin American 
countries cumulative changes range between 54 bp (Colombia) and 34 bp (Chile) after 
one quarter. The magnitude of this response is larger than the one observed for Brazil 
when compared with the basis point increase of the EMBI China. Nevertheless, with 
respect to the standard deviation of each EMBI series, the response to a China shock 
is smaller, and thus variations in the sovereign risk premium of Brazil are estimated 
to have relatively more disruptive effects on other countries in the region.

The response to a 1SD shock to the VIX (equivalent to 18.23% change in log-
levels, or 8.12 percent points in the original units) vary from 20.0% (Chile) to 24.3% 
(Colombia), though statistically equal between them. These, correspond to a 40 bp 
response for the EMBI Chile and 67 bp for EMBI Colombia during the first quarter, 
with respect to the 2015 average. In the cases of Peru and Mexico, the impact reaches 
50 and 58 bp, respectively.

9 Note that all GIRF are statistically significant (95% confidence level) at least 12 months after the shock. 
The lag order of the VAR according to BIC is equal to 1 for all countries.

10 Some diagnostics on the fit of these models to the data –that is, residuals and goodness-of-fit coefficients– 
are displayed in Annex C. It includes those of the VAR for Chile with the price of copper as part of the 
set of variables.

11 The 2015 average is calculated between January and September 2015. The levels for each country are 
as follows: 176.1 bp for Chile, 240.1 bp for Colombia, 244.8 bp for Mexico and 196.1 for Peru.

12 This is not the case after a shock to EMBI Brazil, since the dynamics are almost identical for all countries. 
These results are not shown for countries other than Chile (Figure 3), but are available upon request.
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FIGURE 2

ESTIMATED 3-MONTH ACCUMULATED GIRF OF (LOG) EMBII TO
1SD SELECTED EXTERNAL FINANCIAL SHOCK (*)
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A more risky and plausible shock would be an increase of the VIX by 16 pp, that 
is, by 2SD. A shock of this size was observed in the sample period, in July-September 
2015, after the stock market in China crashed. For a shock of this size, the estimated 
increase of the EMBI Colombia and Mexico is 145 and 130 bp, respectively. Peru 
and Chile’s basis point increase is lower as the EMBI levels over which the changes 
are calculated are lower as well.

Finally, in the case of an unexpected appreciation of the dollar (a positive shock 
to the Broad Index of 1SD, equivalent to 1.13%), the results range from 11.6% (Chile) 
to 16.0% (Colombia). Analogous to the previous case, these percent changes result in 
an increase of 21 and 42 bp to the EMBI Chile and Colombia, respectively, compared 
to their average EMBI level during 2015. In the event of a larger appreciation, say 
5%, the impact on the Colombian EMBI will be 205 bp.

3.2. Chile: Scenario analysis

This subsection analyzes the special case of the Chilean economy based on 
scenario analysis. A slightly different VAR specification is used:
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Xt = Spread  USt ,EMBI  Chinat ,Broadt , Pt

Copper ,VIXt ,EMBI  Brazilt ,EMBI  Chilet⎡⎣ ⎤⎦ '
 (3),

differing from the previous VAR in that it includes the price of copper (Pt
Copper ) 13.

Figure 3 depicts the GIRF of the EMBI Chile to all possible shocks using Equation 
3. As expected, a positive shock to the copper price reduces the risk premium in a 
magnitude that is economically relevant. A 1SD shock to the copper price (which 
is equivalent to a 6.4% increase) results in an improvement of the Chilean external 
financing conditions, reducing the EMBI Chile by 3.7% in the next month, and 9.8% 
accumulated in three months.

Given that only for Chile the impulse response to a Spread US shock is statistically 
significant we report it in Figure 3 as well. The estimated GIRF to a 1SD Spread US 
shock (19.4%) shows a consistent negative point estimate across the 24-month horizon. 
This result is in line with other estimations done for the Chilean economy and robust 
to alternative measures as for instance the 10-year Treasury bond yield, or the long 
term rate term premium, as discussed earlier (CBC, 2015).

As we make use of GIRF in a relatively high dimensional VAR, the inclusion of the 
copper price does not dramatically change the single-shock GIRF estimates reported 
above, and therefore we do not discuss again the results. Instead, we now present 
three risk scenarios. First, one we call the “Copper price bust” scenario, in which a 
shock to the EMBI China is combined with a shock to the copper price14. Second, 
the “Emerging markets’ shock” scenario that combines unexpected disturbances to 
the EMBI Brazil and China. And third, the “Global volatility rise” scenario, in which 
a shock to the VIX is combined with one to the EMBI Brazil.

The rationale for the chosen combination of variables that defines a scenario 
is related to what the data delivers as spillover channels. For instance, a 1SD shock 
to the EMBI China, given the data, is in fact a shock in which the EMBI Brazil is 
simultaneously shocked by 66% of its standard deviation, and the EMBI Chile by 
64%. The remaining variables have a less relevant role. This suggests that a China 
shock is at the end of the day an emerging markets’ shock. Likewise, a VIX shock 
co-moves mostly with EMBI Brazil and even more materially with Chile (69 and 
81% of their standard deviations, respectively). Then, a “Global volatility rise” shock 
spills relatively more to the region (Brazil and Chile), and not to China, making it 
qualitatively different from the “Emerging markets’ shock” scenario.

At this point it is important to recall matrix P, as the different scenarios will be 
interpreted from here. Technically, a shock in the first variable of the VAR (following the 
GIRF mechanics) is transmitted through the last variable according to the corresponding, 
i.e. the first, column of the P matrix (recalling that ∑ = PP ' ). A second shock could 
then be analyzed making use of the information contained in the corresponding, i.e. 

13 VAR diagnostics are shown in Figure C1 (Annex C).
14 The “Copper price bust” scenario is one of special interest for the Chilean economy as not only China 

is a relevant market of destination –and thus a deterioration of its fundamentals has a direct impact on 
Chilean copper’s demand– but given its size in the commodity markets, the price of copper fluctuates 
and achieves different equilibrium levels depending on China’s demand.
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the second, column of the P matrix. As P is a lower triangular matrix, it is assumed 
that the second shock does not affect the first variable. Once is estimated, it is also 
possible to calibrate the size of the analyzed shocks, which is what we do.

Table 2 shows in column (1) the magnitude of the simultaneous shock (spillover) 
to the corresponding variable in each row, as percent of the standard deviation of 
each variable’s disturbance, when a 1SD shock is applied to the first variable in the 
scenario. The spillovers reported for each variable are obtained using the information 
on matrix P. This column simply shows the spillover channels of the shock through 
the remaining variables of the VAR, but the resulting impact on Chile is quantitatively 
the same as the one reported in Figure 315.

Column (2) shows the spillover as well but after adding a second shock by making 
use of the information on the second column of matrix P. It adds the spillovers from a 
1SD shock to the second variable in the VAR, to the spillovers shown in column (1). 

15 The VAR order is different only for the purposes of calculating the GIRF, as stated in the previous 
section.

FIGURE 3

GIRF ESTIMATES TO SHOCKS IN THE FINANCIAL VAR FOR CHILE (*)

-4
-3
-2
-1
0
1
2
3
4
5
6
7
8
9

2 4 6 8 10 12 14 16 18 20 22 24

EMBI Brazil EMBI China Spread US
Broad Index VIX

G
IR

F

Months

GIRF Financial VAR :: (log) EMBI Chile

Copper Price
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Source: Authors’ elaboration.
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TABLE 2

SHOCK TRANSMISSION UNDER ALTERNATIVE SCENARIOS (*)

Copper price bust (1) (2)
VAR Order Shock size (%) Shock size (%)

EMBI China 100 100
Copper Price –20 –120
Spread US –7 –18
Broad Index 35 83
VIX 37 44
EMBI Brazil 66 85
EMBI Chile 64 93

Emerging markets shock (1) (2)
VAR Order Shock size (%) Shock size (%)

EMBI Brazil 100 100
EMBI China 56 156
Spread US 0 –8
Broad Index 36 53
Copper Price –28 –38
VIX 69 78
EMBI Chile 94 115

Global volatility rise (1) (2)
VAR Order Shock size (%) Shock size (%)

VIX 100 100
EMBI Brazil 69 169
Spread US –9 –3
EMBI China 39 81
Broad Index 24 51
Copper Price –16 –38
EMBI Chile 81 140

(*) Each cell displays the spillover of the shock to the corresponding variable, as a percentage of its 
standard deviation, under different scenarios. Column (1) reports the spillovers of a 1SD shock to 
the first variable in the VAR. Column (2) reports the results from a composite shock of indicated SD 
shock to the first variable, followed by a shock to the second variable.

Source: Authors’ elaboration.

By construction, since we assumed the second variable does not affect the first one, 
the spillover is 0, and thus, the shock to the first variable is still 100% of its standard 
deviation. Again by construction, the shock to the second variable is 100% of its 
standard deviation, which is added to the spillover estimated after the first variable is 
shocked. As an example, in the “Emerging markets” scenario, the spillover from Brazil 
to China was equivalent to 56% of EMBI China’s standard deviation. Therefore, when 
a 1SD shock is applied to the EMBI China, the variable is affected in a magnitude 
equivalent to 100+56=156% of its standard deviation.
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The dynamics over the EMBI Chile are plotted in Figure 4, though not scaled by 
their standard deviation. Under the base case (column 1), and as previously reported, 
the largest increase of the EMBI Chile result from a shock to Brazil, then VIX, then 
EMBI China (8, 7, and 5.5%, approximately). Instead, under the stress scenarios, when 
shocks are combined (column 2), we can see that the “Global volatility rise” scenario 
is the most damaging with the largest instantaneous spillover (12%, equivalent to 140% 
of its standard deviation), but dying out faster than the “Emerging markets shock” 
scenario. This means that even though under the latter scenario the instantaneous 
shock to the EMBI Chile is equivalent to 115% of its standard deviation (10% in 
Figure 4), it has a higher relevance for the Chilean economy after three to six months 
as the accumulated effect is larger.

In addition, regarding the “Global volatility rise” shock, it is interesting that the 
spillover to China, when only the VIX is shocked, is rather small (39% of its standard 
deviation). Nevertheless, once the Brazil shock is combined with the VIX shock–again, 
because this was the main channel in the base case, together with the EMBI Chile 
(69 and 81%, respectively)–the EMBI China spillover increases materially, to 81%. 
This reinforces the fact that it is not global risk aversion (as measured by the VIX) a 
particular risk for China, but one that is idiosyncratic to emerging markets.

Finally, the “Copper price bust” scenario turned out not to be the most damaging for 
the Chilean economy, although it is nevertheless economically important. Considering 
the same three-month horizon as we previously did in Section 3.1, the “Copper price 
bust” scenario (column 2) would result in a 48 bp increase in the EMBI Chile, versus 
a 34 bp increase in the China-only shock16.

The order of magnitude in basis points is nevertheless larger for the other scenarios, 
in line with the higher co-movement of the EMBI Chile with the variables involved. 
On the one hand, the “Volatility driven” scenario increases the spread by 73 bp after 
one quarter (versus 40 bp in the VIX-only shock). On the other hand, the “Emerging 
markets’ shock” scenario is estimated to raise the EMBI spread by 62 pb, which is 
larger than the 46 bp in the case of a Brazil-only shock.

4. CONCLUDING REMARKS

The motivation of this article stems largely from the fact that events of unexpected 
volatility in international financial markets may lead to a sudden decompression of risk 
premiums, negatively affecting the cost of external financing for emerging economies. 
We present a quantification of the response of the sovereign risk premium of a selected 
group of Latin American countries, to shocks in external financial variables. In particular, 
we quantify each country’s EMBI response to shocks to China’s and Brazil’s EMBI, 
as well as unexpected changes in the VIX, the value of the dollar against a basket 
of most traded currencies, and a proxy of the slope of the US Treasury yield curve. 
Impacts of these shocks are computed through a VAR model estimated at a monthly 

16 The base value of the EMBI over which the basis point changes are calculated, is the same one used 
in the previous section: the average value observed between January and September 2015 (176.1 bp).
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frequency and using the generalized impulse response functions. For the particular 
case of Chile, we further quantify the impact on the EMBI Chile after several shocks 
occur simultaneously, which we refer to as “scenarios”.

The results indicate that a shock to the EMBI Brazil is the most relevant for the 
countries in the sample, reaffirming the fact that regional shocks are a source of concern. 
While Chile is the least affected when compared to the rest of the countries, this 
shock is the most relevant of all with an estimated 46 bp increase on the EMBI Chile 
after one quarter, as a response to a 1SD of the EMBI Brazil, which is approximately 
380 bp. Shocks to the EMBI China and the VIX have quantitatively similar effects, 
for most countries. With respect to a shock to the Broad Index, capturing a greater 
appreciation of the dollar, it turns out to have a more limited impact than the rest of 
the shocks. Finally, shocks to the Spread US turn out to be not significant, except for 
Chile. The estimated impact is negative, in line with previous estimations for Chile.

The three scenarios that we propose for the case of Chile are based on a combination 
of variables that are relevant to the Chilean economy, and turn out to be important 
spillover channels given the data. The “Emerging markets’ shock” scenario combines 
perturbations to the China and Brazil EMBI. It is estimated to raise the EMBI spread 
by 62 pb after three months, which is larger than the 46 bp in the case of a Brazil-only 
shock; a “Global volatility rise” scenario, that in addition to a VIX shock considers that 
the EMBI Brazil is shocked as well, increases the spread by 73 bp (versus 40 bp in the 

FIGURE 4

GIRF ESTIMATES FOR SCENARIO ANALYSIS (*)
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VIX-only shock) during the same period; and finally a “Copper price bust” scenario, 
which required to estimate a specification with the price of copper, combines shocks 
to the price of copper and the EMBI China. Under this scenario a 48 bp increase in the 
EMBI Chile is observed, on impact, versus a 34 bp increase in the China-only shock.

The results show empirical support for the fact that a deterioration of the risk 
premium of emerging market economies may have material consequences on the 
external cost of financing of Latin American countries. In particular, a shock to Brazil’s 
EMBI is estimated as the most disruptive, both in terms of absolute levels (increase 
in basis points), and as a spillover channel. These effects are estimated controlling 
for the volatility index that is known to co-move with the spreads. In fact, we found 
that a scenario of heightened volatility does imply large spillovers to Brazil and Chile, 
but not necessarily to China.
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ANNEX

A. THE GENERALIZED IMPULSE RESPONSE FUNCTION

Pesaran and Shin (1998) propose the construction of impulse response functions 
that are insensitive to the order in which the variables appear in the VAR. The GIRF 
procedure allows obtaining unique impulse response functions, which coincide when 
the covariance matrix is diagonal.

Assume the invertible VAR(p)  yt = A1yt−1 +…+Apyt−p + εt =ϕ L( )εt = ϕiεt−ii=0

∞∑ , 
where εt ~ iidN 0,∑( ) . The element ϕ jk ,i  represents the response of variable j 
to an impulse (of unity size) in variable k made at the ith previous period. Let 
P be a lower triangular matrix which ∑ = PP ' . Hence, the VAR(p) could be 
written as yt = θiwt−ii=0

∞∑ , where θi =ϕiP , wt = P−1εt , and E wtwt '[ ] = I . Let D be 
a diagonal matrix of P and W = PD−1 . By making the substitutions, it is obtained 
yt = B0yt−1 +…+Bpyt−p + vt , where vt ~ iidN 0,∑v( ) , B0 = Ik −W−1  (a lower triangular 
with 0 diagonal) and Bi = W−1Ai .

We define the orthogonalized impulse response function τ j
0 n( ) =ϕnPe j , n = 0,1,..., 

where ej is an m-order vector with a 1 in the jth position and 0 otherwise. The GIRF 
is defined as:

 GIRF = E yt+n | ε jt = δ j ,α t−1⎡⎣ ⎤⎦ − E yt+n |α t−1[ ],  (A1)

where the first term corresponds to the expected value of variable yt in period t + n 
to a shock of δj in period t. The second term corresponds to the expected value of 
variable yt in period t + n given the information existent until the previous period. 
Assuming that εt is normally distributed,

 E εt | ε jt = δ j⎡⎣ ⎤⎦ = σ1 j ,σ 2 j ,…,σmj( ) 'σ ' jj δ j = ejσ jj
−1δ j ,j=1

p∑  (A2)

The GIRF without standardization corresponds to:

 
ϕn j

p∑ e j

σ jj

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

δ j

σ jj

⎛

⎝
⎜

⎞

⎠
⎟ , (A3)

n = 0,1,… By defining  δ j = σ jj , , it is possible to re-scale equation (A3) to find 
the GIRF:

 
τ j
g n( ) =σ jj

−1
2ϕn e j ,j

p∑
 (A4)

n = 0,1,…. Hence, instead of controlling for residuals correlation, the GIRF considers 
a nonlinear function and computes the impulses without considering other shocks.
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B. INVERSE ROOTS OF THE AR CHARACTERISTIC POLYNOMIAL

FIGURE B1

INVERSE ROOTS OF AR CHARACTERISTIC POLYNOMIAL (*)
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C. VAR ESTIMATION DIAGNOSTICS

In this Annex there are presented some econometric diagnostics for the financial 
VAR estimated for all the countries. These are relevant to analyze since the GIRF 
and scenario analysis heavily rely on the estimated parameters, which ultimately are 
dependent on VAR ordering series, data transformation, sample size, and estimation.

In Figures C1-4 there are depicted the residuals obtained for each of the equations 
that comprise the VAR for Chile, Colombia, Mexico and Peru, but also that of used 
for the scenario analysis in the case of Chile –i.e. Equation 3. As observed, all the 
residuals exhibit the expected white noise behavior, despite the remarkable increase 
in the variance during the financial crisis of 2008-9 in virtually all the series, and the 
inability of the model to fully capture the disturbances reflected in EMBI Brazil in 2002.

Panels VIII (of Figures C1-4) plus panel IX of Figure C1 show the adjusted 
goodness-of-fit coefficient of the same equations, suggesting a good explanatory power 
of the model. However, this fact could be considered as expected since, in conjunction 
with Figure 1, the EMBI series exhibit similar dynamics. Despite that the VIX show 
a relatively lower fit, it is still high considering the spikes and the volatile nature of 
this variable. In sum, and including the reliability of the GIRF estimates, the financial 
VAR model fulfils with the desirable features to describe the country-specific cases.
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FIGURE C1

CHILE: FINANCIAL VAR RESIDUALS AND GOODNESS-OF-FIT COEFFICIENTS (*)
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IX. Goodness-of-�t Coef�cient

(*) Source: Authors’ elaboration.
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FIGURE C2

COLOMBIA: FINANCIAL VAR RESIDUALS AND GOODNESS-OF-FIT COEFFICIENTS (*)

-.8
-.6
-.4
-.2
.0
.2
.4
.6
.8

00 02 04 06 08 10 12 14

R
es

id
u

al
s

Months

Jarque-Ber a stat istic: 30,19 -.8

-.6

-.4

-.2

.0

.2

.4

.6

00 02 04 06 08 10 12 14

R
es

id
u

al
s

Months

Jarque-Ber a stat istic: 138,55

-.04

-.02

.00

.02

.04

.06

00 02 04 06 08 10 12 14

R
es

id
u

al
s

Months

Jarque-Ber a stat istic: 46,88 -.6

-.4

-.2

.0

.2

.4

.6

.8

00 02 04 06 08 10 12 14

R
es

id
u

al
s

Months

Jarque-Ber a stat istic: 32,55

-.3
-.2
-.1
.0
.1
.2
.3
.4
.5

00 02 04 06 08 10 12 14

R
es

id
u

al
s

Months

Jarque-Ber a stat istic: 32,27 -.3
-.2
-.1
.0
.1
.2
.3
.4
.5
.6

00 02 04 06 08 10 12 14

R
es

id
u

al
s

Months

Jarque-Ber a stat istic: 12,32

0.70

0.75

0.80

0.85

0.90

0.95

1.00

1.05

Sp
re

ad
 U

S

E
M

B
I 

C
hi

na

B
ro

ad
 U

SD V
IX

E
M

B
I 

B
ra

zi
l

E
M

B
I 

C
ol

om
bi

a

G
oo

d
ne

ss
-o

f-
fi

t c
oe

ff
.

I. Spread US II. (log) EMBI China
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V. (log) EMBI Brazil VI. (log) EMBI Colombia

VII. Goodness-of-�t Coef�cient

(*) Source: Authors’ elaboration.
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FIGURE C3

MEXICO: FINANCIAL VAR RESIDUALS AND GOODNESS-OF-FIT COEFFICIENTS (*)
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VII. Goodness-of-�t Coef�cient

(*) Source: Authors’ elaboration.
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FIGURE C4

PERU: FINANCIAL VAR RESIDUALS AND GOODNESS-OF-FIT COEFFICIENTS (*)
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I. Spread US II. (log) EMBI China

III. (log) Broad USD Index IV. (log) VIX
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VII. Goodness-of-�t Coef�cient

(*) Source: Authors’ elaboration.




