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I. INTRODUCTION

A key characteristic of recent financial crises is that they tend to cluster. Anecdotal
evidence suggests that periods of distress across global financial markets coincide with
reduced international appetite for risk. Recent IMF Global Financial Stability reports suggest
that changing risk preferences may either widen or narrow emerging market bond spreads
(International Monetary Fund, 2002, 2003a, 2003b). In this paper we consider the
contribution of changing risk preferences to the rapid widening of emerging market bond
spreads during February 1998—May 1999. This period encompasses the Russian, LTCM, and
Brazilian crises. The role of changes in investors’ risk appetite in transmitting financial crises
has been investigated in Kumar and Persaud (2001) and Missina (2003).2

Risk appetite and the state of investors’ balance sheets in developed markets are
important contributors to global financial conditions (Bank of England, 2002, and Mody and
Taylor, 2002). In particular, international markets are affected by investors’ rebalancing their
portfolios following a shock (Kodres and Pritsker, 2002, and Schinasi and Smith,1999);
common lender effects (Van Rijckeghem and Weder, 2000); and heightened risk aversion
(J.P. Morgan, 1999, International Monetary Fund, 2002, 2003a, 2003b). Liquidity
considerations may also play a role, where liquid assets may be offloaded despite their
relatively low default risk (Greenspan, 1999).

The presence of so-called “crossover investors,” who view high-yield investments in
advanced financial markets and emerging market debt as equivalently risky assets, may
explain some clustering of financial crises in seemingly unrelated countries (International
Monetary Fund, 2002). This aspect of financial markets has not received much attention in
the literature, owing to the difficulty in identifying such effects.

Risk aversion is difficult to measure. The spreads of sovereign bonds of emerging
markets capture the risk premia attached to particular countries, thus reflecting its default risk
but also the degree of unwillingness to buy that country’s debt. The latter may be unrelated to
the actual default risk, but instead reflect factors such as the financial position of investors,
liquidity risk in financial markets, or investors’ risk appetite at that time. Despite these
limitations, one empirical approach to measuring changes in global risk patterns is suggested
by J.P. Morgan Chase Bank (2002) using risk indices.’

? Other literature investigate alternative channels of transmission of crises. For example:
contagion in Masson (1999), Calvo and Mendoza (2000), and Pericoli and Sbracia (2003) for
a summary; market fundamentals in Eichengreen, Rose and Syplosz (1996); trade linkages in
Glick and Rose (1999), and Forbes (2001); financial linkages in Van Rijckeghem and Weder
(2003); and common external shocks such as higher U.S. interest rates in Gertler and Lown
(2000), and Forbes and Rigobon (2002).

3 Hereafter denoted as J.P. Morgan in the text.



The J.P. Morgan indices attempt to identify various components of global risk
including liquidity risk, credit risk, and volatility risk (LCVI). Liquidity risk is measured by
the premium factored into the spread between on-the-run and off-the-run government bonds,
which otherwise have the same credit risk; credit risk is given by the spread between long-
term investment grade corporate bonds and a risk-free rate; while volatility risk is based on
the implied volatiltiy of options markets. Associated with these sub-indices is an index of
global risk aversion which combines the three sub-components. This index is particularly
interesting as it was developed to circumvent the problems associated with measuring risk
within a single asset class, and is often used as an approximation for risk aversion in global
financial markets (International Monetary Fund, 2002, 2003a).

A second approach to measuring changes in risk patterns is theoretically based, where
risk is identified through a dynamic optimization problem that predicts that the risk premia is
a function of the quantity of risk and the price of risk. The quantity of risk is represented by
the covariance between a set of factor shocks and the risk premia of the asset (Campbell,
1996; Cochrane, 2001; Cochrane and Piazzesi, 2001). In models of the risk premium on
equities, the covariance is between the risk premia and the excess return on all invested
wealth in the capital asset pricing model (Sharpe, 1964; Lintner, 1965), whereas in the
consumption-based capital asset pricing model (CCAPM) the pertinent covariance is between
the risk premia and consumption (Breeden, 1979; Grossman and Shiller, 1981). For power
utility preferences the price of risk equals the relative risk aversion parameter in the CCAPM.

The approach adopted here is to exploit both methods for identifying risk. This is
achieved by formulating a multifactor asset-pricing model for the risk premia of emerging
bond markets where the factor shocks are the risk components of the J.P. Morgan indices.
The model is based on a structural vector autoregression (SVAR) where identification of
structural shocks is through the imposition of restrictions on the long-run risk characteristics
of the variables. The model is applied to daily bond spreads of nine emerging markets during
1998-99. Three crises are covered: the Russian default on August 17, 1998, the near-collapse
of the highly leveraged U.S. hedge fund, Long-Term Capital Management (LTCM), publicly
announced on September 23, 1998, and the speculative attack on the Brazilian real on
January 13, 1999, which followed several months of increased pressure on Brazilian markets.
In response to the Russian and LTCM crises, bond spreads jumped globally, even for
otherwise seemingly unconnected countries (Kumar and Persaud, 2001; Committee on the
Global Financial System, 1999; J.P. Morgan, 1999; and Bank of England, 2002). The
Russian and LTCM crises were reinforcing, and it seems likely that global risk conditions
influenced other financial markets, including the equity markets, and exacerbated the
conditions facing Brazil (Dungey, Fry, Gonzalez-Hermosillo, and Martin, 2002, 2003).*

* For an overview of the background of events surrounding the Russian and LTCM crises,
see Dungey, Fry, Gonzalez-Hermosillo, and Martin, 2002a, 2002b; the Committee on the
Global Financial System, 1999; and Jorion, 2000. For an overview of the Brazilian crisis, see
Goldfajn and Valdez, 1997.



The impact of shocks due to risk factors during these episodes is disentangled using a
historical decomposition of the SVAR. This decomposition provides a convenient breakdown
of the risk premia into contributions from global shocks in risk (volatility, credit, and
liquidity), country risk stemming from shocks occurring within a country, and contagion risk,
which arises from the transmission of shocks between emerging markets and across regions.
Each crisis is then distinguished by its risk characteristics. In addition, benchmark prices for
each emerging market are calculated as conditional forecasts formed in June 1998. This date
is arbitrarily chosen to capture a period of relative stability in global financial markets prior
to the onset of the Russian crisis. These prices are used to provide an objective measure of
the impact of the subsequent crises in terms of yield spreads over the benchmark price.

The empirical results show that increases in the risk premium of emerging markets
during the Russian/LTCM crises is primarily due to increases in credit risk and country risk.
Russian sovereign bonds experience the largest increase in credit risk during the crisis—
where the additional risk premium for credit is between 15 and 20 percent. During the
Brazilian crisis, credit risk is not as clearly dominant. The contributions of the various risk
components vary both across and within regions during the Brazilian crisis. In general,
country risk is found to be important in all countries, especially in the case of Brazil,
Indonesia, the Republic of Poland and Russia. The results show little evidence of contagion
arising from unanticipated shocks across national borders.

The remainder of this paper is organized as follows. The modelling framework is
developed in Section II for identifying the contributions of alternative types of risk in
explaining changes in bond spreads during financial crises. The model is applied in
Section III to decompose bond spreads during 1998-99, with special attention given to
understanding changes in risk patterns during the Russian/LTCM and Brazilian crises.
Concluding comments and some suggestions for future research are contained in Section IV.

II. AN EMPIRICAL MODEL OF RISK PREMIA

In this section, a SVAR model is developed for decomposing movements in the bond
spreads of nine emerging markets. The emerging markets considered in the empirical
analysis are Argentina, Brazil and Mexico from Latin America; Indonesia, the Republic of
Korea and Thailand from Asia; and Bulgaria, the Republic of Poland and Russia from
Eastern Europe. In decomposing bond spreads a number of factors are considered, including
benchmark prices which refer to yields that would occur if a crisis had not occurred, various
components of changes in global risk, country risk, and the contributions arising from shocks
in bond spreads of other emerging markets. The global risk factors investigated consist of
three components: volatility, liquidity and credit. These factors represent the effects of
contagion from the impact of common shocks originating in developed financial markets.
The inclusion of the transmission of shocks across national bond markets allows for potential
contagious channels investigated by Dungey, Fry, Gonzéalez-Hermosillo and Martin
(2002a,b,c). Thus, two potential channels of contagion are examined: the first represents the
effect of common financial shocks on emerging markets arising in developed financial



markets, and the second corresponding to the effects of unanticipated shocks across national
bond markets.

A. SVAR Specification

The total number of variables investigated in the SVAR is N=12, consisting of the
risk premia of the nine countries investigated and the three variables that measure the
different components of changes in global risk. Let the full set of variables be summarized by

Z, = \VOLATILITY,,CREDIT,, LIQUIDITY,, SPREADS,  } )

A convenient framework in which to model the dynamics of the variables over time is a
vector autoregression (VAR)

(1-0,L-0,1—..—-® I’AZ, —a +e,, (4)

where LZ, = Z, , is the lag operator, A = (I - L) is the first difference operator, @, are

(12x12) matrices of autoregressive parameters, « is a (12x1) vector of intercept parameters
to capture the levels of the variables, and e, is a 12-variate multivariate normal random error

. . . !
with zero mean E [e,] =0, a contemporaneous covariance matrix £ [ete, } =Q, and are non-

autocorrelated £ [e, e”'} =0, Vs # 0. The assumption of a constant residual variance-

covariance matrix could be relaxed by specifying a richer set of dynamics for the second
5
moments.

To identify the sources of shocks underlying the movements in the variables in the
VAR, the vector moving average (VMA) representation of the VAR is derived by inverting

the matrix polynomial I-® L —®,* —...— ® L7, in(4)

AZ =(I-0 -0, .-, L") (a+e,),

AZ =B+(I-0L-0,I-.-0 L)e ®)
‘ 1 2 q Iz

> One way to proceed would be to use a multivariate GARCH model following the work of
Bekaert, Harvey, and Ng (2003), for example. An alternative approach would be to adopt a
factor GARCH model along the lines of Dungey, Fry, Gonzéalez-Hermosillo, and Martin
(2002a).



where ®, are (12x12) matrices of moving average parameters which are functions of the

autoregressive parameters of the VAR, and S = (I-d)1 -0,-...-D, )71 a 1s a (12x1) vector

of intercept parameters.® The VMA has an infinite lag structure, although as AZ . 18

covariance stationary, the moving average parameter matrices eventually die out for longer
lags. The main aim of the empirical modeling is to isolate the separate effects of shocks in
volatility, liquidity and credit in developed markets on the bond spreads in emerging markets.
To achieve this, it is necessary to transform the VAR as the shocks e, are contemporaneously

correlated. Letting v, represent a set of independent structural shocks, the pertinent
transformation is given by

e, =G, ©)

where G represents a matrix of unknown “structural” parameters, and v, contains the set of

independent shocks which have the properties E[v,|=0, E [v,, vt’} =1, and

E [v,, vt_sr} =0 Vs # 0. From the properties of ¢, in (4), 2 = GG'. Substituting (6) into (5)

shows that by redefining the moving average structure for the set of bond spreads as well as
the movements in the risk variables, the dynamics of the model can be expressed in terms of
the separate shocks underlying all processes

AZ, :/6)4'(@0_@1[*_692]42 _,,_—®qu)th, )
where O, =1.

From (7), the effect of a structural shock at time 7, on the changes in the variables at
time 7+s is immediately given by

-0 8)
ov

t

Alternatively, the effect of a shock at time 7 on the level of the variables at time #+s, is the
cumulative sum of the shocks over the period

® The matrix polynomial inversion used to generate the vector moving average representation
is usually computed numerically; see Hamilton (1994, p. 260).



Z S
8W=ZQG 9)

In the limit, the long-run effect of a shock at time # is given by

lim % ~1im >0 G =(1-®, - @, -..- @, 'G. (10)
j=0

§—>00 vt §—>0 .

which gives an expression relating the level of bond spreads to the structural shocks.
B. Long-Run Identifying Restrictions

To identify the sources of the shocks in v, , it is necessary to impose a set of

identifying restrictions on G in (6). The approach adopted here is to use the expression in
(10) to impose long-run restrictions on the processes of the VAR. This approach is originally
discussed by Blanchard and Quah (1989) and avoids the non-uniqueness problems of
recursive VARSs that specify short-run restrictions amongst the variables, which are sensitive
to the ordering of the variables.” Letting H represent the long-run effects of a shock on the
levels of the variables

lim s — py. (11)
S0 avz

then from (10)
G=(-® -0,-.-® )H. (12)

The long-run restrictions imposed are based on the assumption that bond spreads in
the long-run are determined entirely by country risk and the three components of global risk;
namely, volatility, liquidity and credit. The exclusion of the impact of shocks across national
bond markets rules out any contagion in the long run of the type studied by Dungey, Fry,
Gonzalez-Hermosillo, and Martin (2002a). Of course, there is the possibility of this type of
contagion arising in the short run. The full set of identifying restrictions embodied in (11) are

given by the following (12 x12) matrix

7 An alternative approach is to adopt the generalized impulse response framework of Pesaran
and Shin (1998), which is also invariant to variable ordering.
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A4
z
A
o A&
0, 72 P 9,
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Op Vs Pu &,
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O Vs P s
o, V7 Py ¢
Os 75 Py )
_59 Vo Py 78 i

(13)

where all blank cells represent a zero and hence no long-run relationship between the
pertinent variable and a specific shock.

The idiosyncratic risk aversion parameters of volatility, liquidity and credit are respectively
given by

Ao s

It is assumed that in the long-run the three risk variables are independent processes
determined entirely by their own dynamics. However, in the short run, and in particular
during periods of crises, all three risk variables are affected by shocks prevailing in the bond
markets of all emerging markets as well as shocks related to the other risk variables in
developed markets.

The long-run behavior of the bond spreads of emerging markets is assumed to be governed
by national idiosyncratic factors and global shocks to risk occurring in developed markets.
The idiosyncratic parameters representing country risk of the nine bond spreads of the
emerging markets are given by

D305y

These parameters control the relative importance of national shocks to global shocks in
determining country bond spreads in the long-run. In general country specific shocks

encapsulate financial, economic and political shocks which are unique to a country. The
long-run effects of global shocks investigated correspond to the shocks in the three risk
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variables of the developed markets. In particular, the effect of volatility risk on spreads is
determined by

0,505,450,
while the long-run effect of liquidity risk on spreads is given by

}/1’7/2""’79’

and finally, the long-run effect of credit risk on spreads is

pl:pza---ap()'

The long-run restrictions imply that the volatility of bond spreads can be decomposed in
terms of country risk and the three risk components of global risk. For example, the long-run
volatility of the bond spreads in Argentina is conveniently decomposed as

Var(A)= 6 +yl + pl + ¢ (14)

where &/ is the contribution of volatility risk, y, the contribution of liquidity risk, p, the

contribution of credit risk, and ¢ the contribution of country risk.®

Of course, the restrictions embodied in (13) are imposed just on the long-run behavior of
bond spreads. In the short run, bond spreads are determined by the full set of shocks in the
system. These short-run shocks in general represent contagion as they correspond to
unanticipated shocks transmitting from one emerging bond market to another (Dungey, Fry,
Gonzalez-Hermosillo, and Martin, 2002b). Both contemporaneous and lagged contagious
shocks are allowed to explain the relative importance of contagion during crisis periods.
Given that a broad range of emerging markets are analysed, the relative importance of
contagion occuring within regions and across regions can be studied.” However, by
construction, the impact of contagion diminishes over time and eventually disappears totally

® The decomposition in (14) could be expanded to allow for an implicit common shock, or
even a set of common shocks, that impacts upon all components of the VAR in the long run.
This shock can be interpreted as the underlying factor of the international capital asset
pricing model of Solnik (1974). This approach has been adopted by Dungey, Fry and Martin
(2003) in modelling the transmission of contagion in equity markets.

? See Glick and Rose (1999), Forbes (2001), Bekaert, Harvey and Ng (2003), Bae, Karolyi
and Stulz (2003), Kaminsky and Reinhart (2002), Mody and Taylor (2003), amongst others,
for the importance of regional factors in modelling contagion.
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in the long run, where the bond spreads are determined fully by country factors and the
global risk factors.

C. Estimation

The parameters of the SVAR are estimated by maximum likelihood. As the scores of
the likelihood are block-recursive, estimation can proceed recursively in two steps. The first
step consists of estimating the VAR model in (4) by OLS, and extracting the VAR residuals,
e, as well as the VAR parameter estimates which are used to weight the H matrix in (12).
The second part consists of estimating the long-run parameters in (13). This yields an
estimate of H , and therefore G having maximized the likelihood function conditional on the
parameter estimates of the VAR in the previous step. Formally, this amounts to defining the
following likelihood function at the ¢” observation

InL, = —%1n(27r)—%1n|G'G| —%e; (G'G) e, (15)

where e, is taken as the residuals from the VAR in the first step, G is defined by (12) and N
= [2. The log of the likelihood function for a sample of t=1,2,...,T observations, is given by

T
InL=>YInL, (16)

t=1

which is maximized using the procedure MAXLIK in GAUSS, version 5.0. The BFGS
iterative gradient algorithm is used with derivatives computed numerically.

D. Historical Decomposition Methodology

The VMA in (7) provides a natural framework to construct conditional forecasts of
the change in the variables, in particular, of the series corresponding to the bond spread of
each emerging market. If these conditional forecasts are formed during a non-crisis period,
they also represent the change in the bond spread corresponding to periods when risk is
priced during “normal” times. That is, they represent the change in the benchmark level of
the risk premium. The difference between the observed risk premium and the benchmark
level then provides an objective measure of the size of a crisis at each point in time.

Let T represent the end of the pre-crisis period. The change in benchmark prices

over the crisis period is given by the conditional mean which is obtained by taking
conditional expectations of (7) given information at time 7

A pr = B+ z 0,Gvrp ;- (17)
i=D
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By forecasting over a crisis period, deviations between the change in the actual spreads and
the change in benchmark price based on pre-crisis information can be decomposed in terms
of the structural shocks arising from each of the twelve variables underlying the VAR;
namely, shocks arising from volatility, liquidity, credit and shocks originating from the nine
countries in the model. That is, the forecast error corresponding to deviations between
changes in actual and benchmark prices is

D-1
LVASRAVASINES z 0,Gvy,p ;- (18)
i=0
Combining (17) and (18) as

0 D-1
A, = {ﬂ + z®inT+D—i } + z®inT+D—i > (19)

i=D i=0

provides a historical decomposition of the variables over the crisis period in terms of changes
in benchmark prices based on pre-crisis information (first term) and the various shocks
underlying the model (second term). The historical decomposition is computed by replacing
the unknown parameters by their estimated values. The “structural” shocks are computed
from (6) by taking the inverse of G to get

v=Ge, (20)

t t

where e, are replaced by the residuals obtained from the estimated VAR, and G™' is the

inverse of G . Alternatively, the historical decomposition can be expressed in terms of the
levels of the variables by cumulating (19), which provides a decomposition of the risk premia
over the crisis period. This is the form in which the empirical results are reported in the
following section.

III. EMPIRICAL RESULTS

The SVAR model developed in Section II is now used to identify the sources of
changes in sovereign bond spreads of the nine emerging markets. The sample period begins
February 12, 1998 and ends May 17, 1999. This period contains three crises: the Russian
crisis, the LTCM near collapse, and the Brazilian crisis. The bond spreads represent the
spread of long-term sovereign debt issued in U.S. dollars over the appropriate maturity-
matched U.S. treasury bond (see Appendix I for source descriptions and definitions). To the
extent possible, the bonds selected are sovereign issues (rather than Brady bonds) to reflect
the true cost of new foreign capital.

Figure 1 presents the bond spreads in percentage terms for the nine markets studied
over the sample period, whilst Figure 2 presents the same series in changes. The shaded areas
highlight the timing of the three crises and the increase in volatility experienced by most of
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the markets in the sample over these subperiods.'® Spreads increased during the
Russian/LTCM crises in August/September, 1998 (Figure 1). This increase occurs both
within the Eastern European region as well as in the Latin American and Asian regions. The
Brazilian crisis at the start of 1999 appears less dramatic with the impact tending to be felt
more within the Latin American bond markets than within other regions. Of all the emerging
market bond markets presented in Figure 1, the Russian bond market behaves differently
from the rest as the steep climb in spreads during the time of its own crisis is maintained over
most of the crisis periods and only tends to ease off by the second quarter of 1999 where its
spread falls from around 60 percent to near 40 percent. The maintenance of relatively high
spreads in Russia is in contrast with the bond markets of the other countries presented in
Figures 1 and 2 which experience falls fairly soon after the beginning of each crisis.

The measures of global risk used in the empirical analysis are based on the risk
components of the J.P. Morgan’s LCVI index of risk aversion. The overall LCVI index is
comprised of the weighted average of three risk subcomponents: credit risk, volatility risk
and liquidity risk. The three components are assigned equal weights in the index. The
volatility risk variable measures are based on the implied volatility of 6 major currencies, the
implied volatility of stocks using call and put options on the Chicago Board of Options
Exchange, and J.P. Morgan’s global risk appetite index (GRAI) in foreign exchange markets
which is based on measures of correlation amongst 15 currencies. The liquidity risk variable
is based on the spreads between benchmark and off-the-run U.S. Treasuries across the yield
curve, and 10-year U.S. swap spreads. The off-the-run issues are the immediately preceding
issues which are effectively the same issues as the benchmark bonds (same credit risk), but
are less liquid and tend to enjoy a premium (Greenspan (1999)). Finally, the credit risk
variable is based on U.S. corporate high yield B-2 spreads relative to the equivalent U.S.
Treasury bond and the EMBI+ which is J.P. Morgan’s measure of credit risk in emerging

' The exact timing of the crises is an approximation by necessity since in each case pressures
began building up before the time at which the crises were revealed to the public. However,
the dates chosen follow closely those used in other studies (see, for example, the BIS
Committee on the Global Financial System (1999)). Thus, the Russian crisis period is
assumed to begin on August 17, 1998 when the country announced its bond default, lasting
until the beginning of the LTCM crisis; the LTCM crisis is assumed to begin on

September 23, 1998 when the New York Fed orchestrated a rescue plan of LTCM and made
the problems of this company public on September 23, 1998, lasting until the inter-FOMC
Fed interest rate cut on October 15, 1998 which signaled the beginning of the “end” of the
LTCM crisis, according to traders surveyed by the BIS Committee on the Global Financial
System (1999); and the Brazilian crisis is assumed to begin with the effective devaluation of
the Real on January 13, 1999, lasting for a few weeks during which there were several
changes at the top of the central bank until the beginning of February 1999.
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markets. An increase in any of these indices represents a move towards a state of increasing
risk, whilst a decline in an index is a move towards a lower risk state.!!

The J.P. Morgan measures of liquidity and volatility are used directly in the model,
and are presented in the first four panels of Figure 3, in terms of the natural logarithm, and
the change in the natural logarithm of each variable. However, the J.P. Morgan credit index
is not used in the empirical analysis as it includes the J.P. Morgan’s Emerging Market Bond
Index (EMBI+), which is essentially highly correlated with the dependent variables of the
bond spreads for each emerging economy under investigation. To capture changes in the
credit risk of international investors, the U.S. industrial BBB1 10-year corporate bond spread
over the comparable U.S. treasury bond is used. This series is presented in the bottom panels
of Figure 3, expressed in precentages. This bond spread captures global credit concerns given
that international investors are largely U.S. based, or at least use U.S. assets as benchmarks in
pricing risks and returns in international financial markets. All three risk variables in Figure 3
indicate a continual increase in risk that begins prior to the Russian/LTCM crises of
August/September, 1998, and peaks during this crisis.

Some descriptive statistics of the emerging market bond spreads, and also the three
risk measures are presented in Tables A2.1 to A2.4 in Appendix II. These statistics show that
Russia experienced the largest spread over the period of 68.3 percent, followed by Bulgaria
(22.8 percent) and Indonesia (18.7 percent). Russia also experienced the largest daily
increase in its spread (13.4 percent), again followed by Bulgaria (7.0 percent) and Indonesia
(3.1 percent).

The 12-variate VAR in (4) is estimated by maximum likelihood based on equations
(15) and (16). Tables A2.3 and A2.4 highlight the presence of autocorrelation in the
movements of the variables which suggests the need for a non-zero lag structure in the VAR.
Using information criteria statistics the lag structure is chosen to be L=5."* The long-run

" The J.P. Morgan risk components are expressed as indices and are constructed as follows.
The raw data underlying each risk measure are initially transformed using a cumulative
distribution function. The advantage of this approach is that it does not assume normality and
deals with all the moments of the distribution. Each observation is then expressed as a
percentile of the distribution function, in a way that a higher level represents more risk, with
0 being the minimum risk and 100 the maximum risk. Finally, an average of resulting
comparable units produces a measure of the overall risk variables and its components. For
further information on the construction of the LCVI index and its sub-components, see J.P.
Morgan (1999) and J.P. Morgan Chase Bank (2002)).

12 Information criteria based on AIC, SIC and HIC statistics were used in conjunction with a
likelihood ratio (LR) test to identify the optimal lag structure. A lag length of p=35 lags is
based on the AIC and the LR test, whilst the SIC and the HIC identified a lag structure of
p=0 lags. Inspection of the t-statistics associated with individual lags suggested that a lag
structure of p=35 was more appropriate to model the dynamics of the system.
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parameter estimates of (13) are reported in Table A3.1. The parameter estimates of the lags
of the variables are not reported. Instead the contribution of these estimates is presented
within the historical decomposition results, which is more informative in the present context.

Figure 1. Bond Spreads (percent), February 1998 — May 1999*
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Data sources: U.S. Federal Reserve, Bloomberg, Scotia Capital and Credit Swiss First Boston.

* The shaded areas refer to episodes of crisis in international bond markets during this period: the Russian bond default
on August 17, 1998 until the beginning of the LTCM crisis; the bailout of LTCM on September 23, 1998 until the
inter-FOMC Fed interest rate cut on October 15, 1998, which signaled the beginning of the “end” of the LTCM crisis,
and the Brazilian crisis/effective devaluation on January 13, 1999 to February 1, 1999.
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Figure 2. Bond Spreads (percentage change), February 1998—-May 1999*
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Data sources: U.S. Federal Reserve, Bloomberg, Scotia Capital and Credit Swiss First Boston.

* The shaded areas refer to episodes of crisis in international bond markets during this period: the Russian bond default
on August 17, 1998 until the beginning of the LTCM crisis; the bailout of LTCM on September 23, 1998 until the
inter-FOMC Fed interest rate cut on October 15, 1998, which signaled the beginning of the “end” of the LTCM crisis,

and the Brazilian crisis/effective devaluation on January 13, 1999 to February 1, 1999.
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Figure 3. Risk Variables, February 1998 — May 1999*
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* The shaded areas refer to episodes of crisis in international bond markets during this period: the Russian bond default on
August 17, 1998 until the beginning of the LTCM crisis; the bailout of LTCM on September 23, 1998 until the inter-FOMC
Fed interest rate cut on October 15, 1998 which signaled the beginning of the “end” of the LTCM crisis, and the Brazilian
crisis/effective devaluation on January 13, 1999 to February 1, 1999. For the J.P. Morgan indices 100 = highest level of risk
aversion, 0 = lowest level of risk aversion.
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Table 1: Mean and Standard Deviation of Benchmark Prices Over the Crisis Period,
Based on Precrisis Information (percentage points)*

Country Mean Standard deviation
Argentina 5.691 0.508
Brazil 6.537 0.667
Mexico 4.050 0.255
Indonesia 7.092 0.031
Korea, Rep. of 4.141 0.217
Thailand 2.619 0.270
Bulgaria 8.793 1.030
Poland 2.226 0.099
Russia 20.943 7.953

* The crises period is assumed to begin June 1, 1998 and end May 17, 1999
A. Benchmark Prices Based on Precrisis Information

Table 1 presents summary statistics on the benchmark prices (the conditional
forecasts) of each country over the crisis period as defined in (17). The market fundamentals
are based on starting the historical decomposition on June 1, 1998, which occurs before the
beginning of the Russian crisis and is assumed to be the beginning of the crises period."
With the exception of Russia, the sample means of the benchmark price for most countries
range between 2 and 8 percent over the crisis period. The Republic of Poland has the smallest
mean of around 2 percent, which is consistent with the actual bond spreads over the pre-crisis
periods as presented in Figure 1. The mean estimate for Russia is the highest, with a value of
21 percentage points. This reflects relatively high spreads sustained in the Russian bond

3 For purposes of the empirical estimation, the period of crises is assumed to begin after
June 1, 1998 or a few months before the actual disclosure of Russia’s default on August 17,
1998, and last until a few months after the worst of the turmoil appeared to have ended in
Brazil after the speculative attack of the Real in January 1999. The crises period assumed for
the empirical estimation is purposely longer than the anecdotal public information disclosure
and is based on the observation of when markets were relatively calm before the
announcement of the various crises. This guarantees that our period of non-crises
corresponds to the period in which markets were quite stable and attempts to deal with the
fact that crises almost never begin when they become publicly known but pressures typically
mount before the news event.
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market over the crisis period. A comparison of the mean of the benchmark prices given in
Table 1 with those for the raw spreads data given in Table II.1, shows that the mean of the
benchmark prices is lower than those of the actual data for all countries with the exception of
Argentina, where the differences between the two means is numerically small. This result
shows, in general, that the unexpected shocks experienced during the crisis period
contributed to higher-than-expected spreads when compared with levels based on precrisis
information.

The estimates of the benchmark prices at each point in time over the crisis periods for
each of the nine countries studied, are presented in the first panel of Figures 4 to 12. For all
countries with the exception of those from Asia, the benchmark prices on average steadily
increase over the period of the historical decomposition. In particular, the benchmark prices
of Russia deteriorate markedly from around 6.5 percent on June 1, 1998 to 35 percent on
May 17, 1999. As noted above, this reflects the sustained level of spreads experienced in the
Russian bond market over the crisis period with very little reversion back to pre-crisis levels.
The benchmark prices of the Asian countries either tend to be relatively flat over the period
(Indonesia), or show a slight fall over the period (the Republic of Korea and Thailand). This
last feature of the benchmark prices reflects the Republic of Korea’s and Thailand’s recovery
from their own financial crises that began in July 1997, as well as the stabilization in
Indonesia, which was the slowest of the Asian economies to recover from the Asian crisis.

B. Risk Factors

Figures 4 to 12 provide the results of the historical decompositions of the risk premia
of the nine emerging markets. On each day, the actual bond spread is decomposed into (a) the
benchmark level; (b) the three components representing shocks in global risk (volatility,
liquidity, and credit); (c) country risk; and (d) risk from contagion corresponding to the
contribution of shocks from the bond markets of emerging markets in the Asian, Latin
America, and Eastern European regions. The average decomposition of the risk premia of
each country are summarized in Table 2 for each of the three crises.

Latin America

Figures 4 to 6 provide the results of the historical decomposition of the percentage
bond spreads over the crisis periods for the Latin American countries of Argentina, Brazil,
and Mexico respectively. An interesting feature of all three risk components, is that they
exhibit quite similar characteristics over the crisis period for all Latin American countries.
On average, the contribution of credit risk is relatively higher than either volatility or
liquidity risks for all Latin American countries during the Russian and LTCM crises. The
importance of credit risk to Latin America is evident during the Russian crisis where its
contribution to bond spreads jumps during the period by about 1.5 percent. During the
Brazilian crisis the contribution of credit risk to the overall risk premium however falls from
its historical high, resulting in similar contributions across the three components of risk to
overall risk. For example, from Table 2, the contributions range from 0.35 to 0.48 percent for
Argentina, 0.57 to 0.70 percent for Brazil and 0.26 to 0.36 percent for Mexico. Country-
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specific risk is also important for most of the Latin American economies, especially in the
case of Brazil and Mexico. The contribution contagion risk arising from shocks in the bond
spreads from the other emerging bond markets over the crisis period are relatively small, and
do not appear to exhibit a clear systematic pattern in explaining Latin American bond spreads.

An interesting feature of the contribution of shocks to volatility and credit to bond
risk premia highlighted in Figures 4 to 6 is that they exhibit two humps: one corresponding to
the Russian/LTCM crisis, followed by another in the period building up to the Brazilian
speculative attack in January 1999 for the case of volatility, and just after the Brazilian crisis
for credit risk. In contrast, the contribution of liquidity risk to Latin American bond spreads
does not decline over the period between the LTCM crisis and the Brazilian crisis. Rather, it
is not until about a month after the Brazilian crisis that the contribution of liquidity risk to
bond spreads in Latin America abate. The increase in the contribution of volatility risk to
bond spreads in Latin America occurs well before the speculative attack materialized in
January 1999. This is despite the fact that Brazil was in the midst of program negotiations
with the IMF during the last few months of 1998. Brazil presented a formal letter of intent to
the IMF on November 13, 1998 and a program was approved on December 2, 1998. In fact,
the second hump in volatility risk begins in December around the time of the IMF approval.
These results are consistent with the view that Brazil was affected by contagion from the
previous Russian and LTCM crises (Baig and Golfjan (2000)). In fact, there is evidence that
the Russian crisis had a particularly important effect on Brazil’s bond spreads (Dungey, Fry,
Gonzalez-Hermosillo and Martin (2000a, b)) while the LTCM shock had an important
impact on Brazil’s equity markets (Dungey, Fry, Gonzéalez-Hermosillo and Martin (2003)).

Asia

The decomposition of Asian bond spreads for Indonesia, the Republic of Korea and
Thailand are given in Figures 7 to 9 respectively. For the three specific crises investigated
over the period, the mean decompositions of the bond spreads are summarized in Table 2.
The overall contribution of the three global risk factors to bond spreads for the Asian
economies exhibit qualitatively similar patterns to the three Latin American countries. In
particular, there are two humps in volatility, one corresponding to the Russian crisis and one
occurring just prior to the Brazilian crisis. Shocks in liquidity risk exhibit a jump during the
Russian crisis which does not subside until a month after the Brazilian crisis, whilst shocks in
credit risk contribute to the widening of bond spreads during the Russian crisis, subsides
following the LTCM crisis and peaks again locally just following the Brazilian crisis. The
major source of improvement in bond spreads for the Asian economies over the crisis period
stems from country specific risk associated with each country following the Russian crisis.
This may reflect the improvement of the Asian economies in the post-Asian crisis period,
indicating that credit concerns were becoming less of an issue for these economies compared
to the pre-crisis period. The relative importance of the credit risk and the volatility risk
components is generally higher than liquidity risk for most Asian economies over the three
crises. Further, and as with the Latin American countries, there is very little evidence of
contagion arising from the transmission of unanticipated shocks across national bond
markets.
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Table 2. Mean Decomposition of Spreads During Each Crisis

Country Actual Bench. Volatility Liquidity Credit Country Asia Lat. Am. Europe
Argentina

Russian crisis ' 8.07 5.30 0.43 0.52 1.04 0.63 0.00 0.19 -0.03
LTCM crisis > 6.48 5.45 0.34 0.58 1.35 -1.35 0.13 -0.09 0.08
Brazilian crisis ° 7.04 6.00 0.35 0.48 0.44 -0.52 0.06 0.24 0.00
Brazil

Russian crisis 11.67 6.02 0.72 0.76 1.71 2.35 -0.01 0.13 -0.02
LTCM crisis 11.52 6.22 0.54 0.84 2.13 1.53 0.12 0.12 0.01
Brazilian crisis 11.78 6.94 0.57 0.70 0.64 2.98 0.06 -0.08 -0.04
Mexico

Russian crisis 7.06 3.86 0.32 0.33 0.95 1.65 -0.03 0.00 0.00
LTCM crisis 6.97 3.93 0.25 0.37 1.19 1.11 0.07 0.04 0.01
Brazilian crisis 5.95 4.20 0.26 0.30 0.36 0.88 0.02 -0.04 -0.03
Indonesia

Russian crisis 15.03 712 1.05 0.07 1.21 5.71 -0.08 -0.02 -0.03
LTCM crisis 16.56 7.11 0.81 0.10 1.38 7.05 0.09 -0.08 0.09
Brazilian crisis 11.29 7.08 0.83 0.08 0.32 3.07 -0.05 0.01 -0.05
Korea

Russian crisis 8.12 4.32 0.80 0.30 0.82 1.83 -0.04 0.10 -0.01
LTCM crisis 7.01 4.25 0.61 0.34 0.93 0.66 0.10 0.04 0.07
Brazilian crisis 3.34 4.01 0.63 0.28 0.21 -1.77 -0.03 0.04 -0.02
Thailand

Russian crisis 7.69 2.84 0.85 0.32 0.75 2.90 -0.04 0.05 0.02
LTCM crisis 6.13 2.76 0.64 0.36 0.92 1.31 0.08 0.04 0.02
Brazilian crisis 3.01 2.46 0.67 0.29 0.27 -0.66 -0.04 0.01 0.01
Bulgaria

Russian crisis 18.50 8.01 2.36 1.02 1.85 4.87 0.04 0.38 -0.04
LTCM crisis 13.56 8.31 1.77 112 212 -0.42 0.11 0.32 0.21
Brazilian crisis 11.23 9.41 1.84 0.93 0.50 -1.61 0.14 0.01 0.00
Poland

Russian crisis 3.69 2.15 0.30 0.18 0.18 0.77 0.02 0.09 0.00
LTCM crisis 3.57 2.18 0.22 0.20 0.16 0.73 0.03 0.06 -0.01
Brazilian crisis 3.29 2.28 0.23 0.16 -0.01 0.66 -0.01 -0.01 -0.02
Russia

Russian crisis 55.19 14.76 473 2.92 15.35 18.28 0.14 -0.33 -0.66
LTCM crisis 59.89 17.15 3.60 3.30 20.21 14.40 1.02 0.19 0.02
Brazilian crisis 51.45 25.71 3.76 2.71 6.96 12.75 0.58 -0.50 -0.53

' Russian crisis: August 27-September 22, 1998.
2 LTCM crisis: September 23-October 15, 1998.
3 Brazilian crisis: January 13-February 2, 1999.
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Eastern Europe

The decomposition of bond spreads for the Eastern European countries of Bulgaria,
the Republic of Poland and Russia are given in Figures 10 to 12 respectively, with the mean
decompositions corresponding to the three crises summarized in Table 2. These results show
that the contributions of the risk factors to bond spreads in Eastern Europe exhibit similar
patterns to the Latin American and Asian regions. The credit component of risk has the
greatest absolute effect on Russia of all the emerging market countries investigated, adding
on average, 15% to the risk premium during the Russian crisis, 20% during the LTCM crisis
and 7% during the Brazilian crisis. The contributions of volatility and liquidity risk shocks
are relatively smaller, but nonetheless important, adding between 3% and 5% to the risk
premium during all three crises. The relative importance of country specific risk, especially
during the Russian crisis, suggests that the Russian crisis was idiosyncratic, being a function
largely of its own internal dynamics. However, the relative importance of the credit factor in
contributing to bond spreads reflects the crisis as being more a crisis of credit. This is
consistent given that the Russian government defaulted on its loans. As with the Latin
American and Asian countries, there is little evidence of contagion connecting national bond
markets both within the Eastern European region and outside this region.

IV. CONCLUSIONS AND SUGGESTIONS FOR FUTURE RESEARCH

A channel for the transmission of crises that has become increasingly important in
financial market and policy circles relates to international investors’ appetite for risk (see, for
example, J.P. Morgan, 1999, and International Monetary Fund, 2002, 2003a, 2003b). The
anecdotal evidence suggests that periods of reduced appetite for risk often coincide with
periods of distress across global financial markets. Russia’s default in August 1998 and the
near-collapse of the U.S. highly leveraged hedge fund, Long-Term Capital Management
(LTCM), in September 1998 appear to be such examples. The Brazilian financial crisis in
late 1998 and early 1999 when the real was devalued was also felt in a number of countries,
especially in Latin America.

The aim of this paper was to identify the role of changes in the risk appetite of
investors in mature financial markets in determining sovereign bond spreads issued by
emerging markets. Three components of global risk were investigated: volatility risk, as
measured by implied volatilities in currency and equity options markets; credit risk which
was based on the spreads on high-yield B-2 bonds in the U.S.; and liquidity risk, which was
proxied by the liquidity premium between on-the-run and off-the-run U.S. treasury bonds.
The role of country risk and contagion risk in contributing to changes in the risk premia of
emerging markets were also investigated.

Using a structural vector autoregression model, a historical decomposition of the risk
premia of nine emerging markets during 1998-99 was performed. This period included three
financial crises; the Russian default of August 1998, the LTCM near-collapse of September
1998, and the crisis in the Brazilian real in January 1999. A feature of the historical
decomposition was the identification of a set of benchmark prices for each emerging market,
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which was used to provide an estimate of spreads in the event of no crises. The difference
between the actual and benchmark values were then decomposed into the various
components of risk, including the three global risk factors, country risk, and contagion risk.

The empirical results showed that the increase in risk premia in most countries during
the Russian/LTCM crises arose from a combination of increasing credit risk and country risk.
The importance of the credit risk component during the Russian crisis, in particular, is
consistent with the view that this was a global credit risk shock. Risk from volatility and
liquidity were found to be relatively smaller. In contrast, the contributions of the three risk
components to bond spreads during the Brazilian crisis tended to be similar with some
variations across regions. Overall, the results suggest that different characterizations of
global risk patterns were at play during the recent financial crises analyzed in this paper.
However, country-specific risk also contributed importantly to the bond spreads, indicating
that the higher cost of borrowing for emerging markets in international financial markets was
not solely related to heightened global risk. Finally, there was very little evidence of
contagion arising from shocks in bond markets across national borders.

Some extensions of the modeling framework presented here could be entertained in
the following ways. The modeling framework proposed represented a multifactor asset-
pricing model for emerging bond markets where the pertinent shocks arose from
unanticipated movements in liquidity, credit, and volatility risk of developed markets, as well
as unanticipated movements in the risk premia of other emerging markets. The types of
shocks studied could be expanded by including a set of common shocks to produce a
multifactor capital asset pricing model along the lines of Bekeart, Harvey, and Ng (2003).
Alternatively, the common shocks could be identified implicitly following the approach of
Dungey, Fry, and Martin (2003). An expanded set of variables could also be included in the
VAR to capture the market fundamentals underlying the risk premia of the emerging
markets. This would have the advantage that the benchmark prices computed over the crisis
period could also be interpreted as the market fundamental prices. Further refinements of the
model could be along the lines of allowing for a time-varying volatility structure. The
multivariate GARCH class of models is an obvious choice, although issues of dimension
arise immediately. One solution is to adopt a factor GARCH structure and allow for a low
dimensional set of second moment dynamics through the underlying factors following the
work of Dungey, Fry, Gonzélez-Hermosillo, and Martin (2002a). Finally, a historical
decomposition of the risk indices themselves could be constructed to understand the
contribution of shocks in emerging markets and other risk indices to global investor risk
preferences.

One further extension that could be contemplated would be to decompose the mean
spread in terms of the the product of the quantity of risk and the price of risk of the various
components of the VAR, including the risk variables that measure volatility, liquidity, and
credit. For the case of Epstein-Zin utility functions, which allow for nonseparability across
states of nature, the quantity of risk is is the covariance between the spread and the shock in
the risk variables and the price of risk is a function of the relative risk aversion parameter
(Campbell, 1996). If the covariances are taken as the long-run second moments, the
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calculation of the prices of risk associated with the shocks in the three risk variables could
then be computed using the approach of Cochrane and Piazzesi (2001). Alternatively, if a
time-varying covariance model was estimated along the lines suggested above, then it would
be possible to perform these calculations at each point in time and identify changes in the
relative risk aversion parameter during the crisis periods. Identification of potentially
significant structural breaks in risk aversion could then be based on the methods of Andrews
(1993), Andrews and Ploberger (1994), and Hansen (1997, 2000).



-26 - APPENDIX I

Data Definitions and Sources
Sample Period: February 12, 1998 to May 17, 1999, (328 observations).

1. Risk Aversion Variables

LCVI Liquidity Index: J.P. Morgan Chase Bank’s liquidity index. The index ranges from zero
(low risk) to 100 (high risk).
Source: J.P. Morgan Chase Bank.

Components:
= US Treasury yield spreads of benchmark and off-the-run bonds for different
maturities.

= 10-year US swap spreads.

LCVI Volatility Index: J.P. Morgan Chase Bank’s volatility index. The index ranges from
zero (low risk) to 100 (high risk).
Source: J.P. Morgan Chase Bank.

Components:

= Implied 12-month foreign exchange volatility for six currencies (EUR, JPY, CHF,
GBP, CAD, AUD against the USD).

= Implied equity volatility based on option markets on the Chicago Board of Options
Exchange.

= J.P. Morgan Global Risk Appetite Index (GRAI) based on measures of correlation
between the rank of the $ returns of 15 currencies of the past two months, and the
rank of risk measured by historical yield.

Credit: U.S. Industrial BBB1 Corporate 10-year Bond Spread over U.S. Treasury. Spread
expressed in percentage.
Source: Bloomberg (IN10Y3B1).

2. Bond Spreads
Argentina: Republic of Argentina bond spread over U.S. Treasury.
Source: U.S. Federal Reserve.

Brazil: Republic of Brazil bond spread over U.S. Treasury.
Source: U.S. Federal Reserve.

Mexico: J.P. Morgan Eurobond Index Mexico Sovereign spread over U.S. Treasury.
Source: U.S. Federal Reserve.

Indonesia: Indonesian Yankee Bond Spread over U.S. Treasury.
Source: U.S. Federal Reserve.



-27 - APPENDIX I

Republic of Korea: Government of Korea 8 7/8% 4/2008 over U.S. Treasury.
Source: U.S. Federal Reserve.

Thailand: Kingdom of Thailand Yankee Bond Spread over U.S. Treasury.
Source: U.S. Federal Reserve.

Bulgaria: Bulgarian Discount Stripped Brady Bond Yield Spread over U.S. Treasury.
Source: U.S. Federal Reserve.

Republic of Poland: Poland Par Stripped Brady Bond Yield Spread over U.S. Treasury.
Source: U.S. Federal Reserve.

Russia: Government of Russia 9.25% 11/2001 over U.S. Treasury.
Source: Bloomberg (007149662).

The bond spreads, or “risk premiums,” are constructed by taking a representative
long-term sovereign bond issued in U.S. dollars by an emerging country and subtracting from
it a U.S. treasury bond of comparable maturity. For the United States, the risk premium is
constructed by taking a representative long-term corporate bond in domestic currency and
subtracting from it a government treasury bond of comparable maturity. All bond spreads are
expressed as a percentage. Missing observations are dealt with by replacing the missing value
with the previous day’s observation.
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Figure 4. Decomposition of Bond Spreads — Argentina

(June 1, 1998 - May 17, 1999)
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Figure 5. Decomposition of Bond Spreads — Brazil
(June 1, 1998 - May 17, 1999)
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Figure 6. Decomposition of Bond Spreads — Mexico
(June 1, 1998 - May 17, 1999)
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Figure 7. Decomposition of Bond Spreads — Indonesia
(June 1, 1998 - May 17, 1999)
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Figure 8. Decomposition of Bond Spreads — Republic of Korea
(June 1, 1998 - May 17, 1999)
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Figure 9. Decomposition of Bond Spreads — Thailand
(June 1, 1998 - May 17, 1999)

10 1.0
9 0.8 4
8
0.6 31
74
.2
6 0.4
14
5 0.2 0
“ 0.0 7
3ddmme . -1
Py - -0.2 -2
1 T T T T 04 T T T T -3 T T T T
1998:07 1998:10 1999:01 1999:04 1998:07 1998:10 1999:01 1999:04 1998:07 1998:10 1999:01 1999:04
1.2 5 0.8
1.0 4
0.4
0.8 3
0.6 24 0.0+
041 ™ 041
0.2+ 0
-0.84
0.0+ -1
02 T T T T - T T T T 1.2 T T T T
1998:07 1998:10 1999:01 1999:04 1998:07 1998:10 1999:01 1999:04 1998:07 1998:10 1999:01 1999:04
8 0.8 10
0.4 81
64
0.0
4]
-0.4
24
-2 0.8 04
o T T T T -1.2 T T T T -2 T T T T
1998:07 1998:10 1999:01 1999:04 1998:07 1998:10 1999:01 1999:04 1998:07 1998:10 1999:01 1999:04

— actual —-- total risk




-4] -

Figure 10. Decomposition of Bond Spreads — Bulgaria
(June 1, 1998 - May 17, 1999)
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Figure 11. Decomposition of Bond Spreads — Republic of Poland

(June 1, 1998 - May 17, 1999)
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Figure 12. Decomposition of Bond Spreads — Russia
(June 1, 1998 - May 17, 1999)
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