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Abstract

Value-at-Risk (VAR) statistics are often calculated via a variance-covariance matrix methodology. While simple to implement, such an approach ignores the well documented fact that high-frequency financial data tend to substantially deviate from the Gaussian distribution. This feature is particularly pronounced in country spread data (over treasuries) for emerging markets. This study addresses the problem of estimating VAR statistics for Brady bond portfolios by using a modified GARCH(1,1) model with a superimposed ‘jump’ innovation which affects not only instantaneous spreads but subsequent volatilities. This approach incorporates the stochastic volatility feature of ARCH models, while allowing for occasional large shocks to country spreads that persist over time.  This new methodology is evaluated by estimating one-day, one-week and one-month VAR measures on a daily basis for several risk tolerance levels for spread-driven returns of sample portfolios. The introduction of a persistent ‘jump’ component improves upon the risk ‘confidence intervals’ estimated by both standard GARCH(1,1) and rolling variance-covariance methods. However, this result is not homogeneous across countries. Our methodology deals with multiple-country portfolios without the computationally problematic large number of parameters of standard Multivariate ARCH models. Instead of parametrically estimating cross-country correlations, we extract them from each country’s individual “non-jump” standardized innovations on a rolling basis. Furthermore, our results also show that by allowing the jump frequencies to depend on variables such as contagion effects, the accuracy of  VAR estimates may be improved.  All model parameters are re-estimated daily using prior historical data.  Therefore our testing is performed out-of-sample.

Extended Abstract

VAR statistics are often calculated via a variance-covariance matrix methodology. While simple to implement, such an approach ignores the well documented fact that high-frequency financial data tend to substantially deviate from the Gaussian distribution.  We introduce a new methodology for the modeling of country spread movements, aimed at the estimation of VAR measurements for emerging market fixed income portfolios, that addresses such deviations. We propose an extension of the standard GARCH(1,1) model, Bollerslev(86), that includes a superimposed ‘jump’ component. Previous literature, such as Vlaar & Palm (93), Nieuwland, Vershoor & Wolff (94) and Kim & Moe(94) provide examples of this approach. In our study, we introduce two significant innovations. First, we model emerging market daily spread change data with a GARCH specification that features volatility-persistent jumps. Such large-shock persistence is particularly conspicuous in emerging market spread movements, and the accuracy of our VaR estimates supports our model choice. Second, our methodology deals with multiple-country portfolios without the computationally problematic large number of parameters of standard Multivariate ARCH models. Instead of parametrically estimating cross-country correlations, we extract them from each country’s individual “non-jump” standardized innovations on a rolling basis. VAR estimates are then produced via Monte Carlo simulations.  This procedure is updated daily using only prior historical data.  Hence our testing is performed out-of-sample.

This study considers three alternatives for the modeling of a country’s daily spread changes: Variance-Covariance, GARCH(1,1) and GARCH(1,1) with Jumps (GARCH-PJ).  The specification for the latter is given by:

yt = a0 + et, where

et = [image: image1.wmf]t

h

ut + jt, with ut ~ N(0,1), i.i.d.,

jt ~ N(j,j2) with probability pt, 0 with probability 1-pt, and

ht = g0 + g1 e2t-1 + g2ht-1
In our context 

St = country spread on day t in %, and

yt = St – St-1, daily spread change

These three frameworks are compared by estimating, on a daily basis, confidence intervals for daily/weekly/monthly spread-driven returns on representative Brady bond portfolios. A duration based approach was selected to approximate the spread-related returns of these portfolios in terms of the spread changes of each individual country. Confidence intervals are generated via tabulated cutoff values in the Variance-Covariance case and Monte-Carlo simulations in the GARCH and GARCH-PJ cases. We consider tolerance levels of 90%, 95%, 97.5% and 99% and 1-day, 1-week and 1-month return horizons. For example, in the 1-week 90% risk tolerance case, a cutoff value (1-week,90%(T) is generated on each day T in such way that the 1-week portfolio return starting at time T be above this value with a 90% probability (all other cases are treated analogously). Now, to deal with a multivariate portfolio, we must estimate rolling cross-country correlations (as in the Var-Covar model). For this, we use the 2-month correlation matrix of standardized innovations, in the GARCH(1,1) case, or the non-jump standardized innovations in the GARCH(1,1) with Jumps model. Once this matrix is estimated, we use the individual parameters from each country to simulate the returns of the portfolio and estimate confidence intervals.  This method allows us to avoid the estimation of a very large number of parameters, a characteristic of Multivariate GARCH models. 

Our results have shown how our GARCH-PJ methodology represents a clear improvement upon the standard GARCH and Var-Covar models for Value-at-Risk estimation when Latin-American individual spread data are considered. The situation is reversed for the Philippines and Nigeria, and for those portfolios that include them. A key to explain this conflict is the fact that GARCH-PJ models appear to overestimate the risk of the two non-Latin countries, while the Var-Covar and GARCH approaches underestimate the risk of the Latin countries. The country spread time series data indicate that the observed simultaneity in jumps across Latin-America does not extend to the Philippines and Nigeria. These two countries, in fact, exhibit jump patterns that seem to blend with the overall high volatility levels of these countries’ daily spread changes. That is, while Latin-American countries exhibit sudden dramatic volatility inducing events, such as the ’94 Crash of the Mexican peso, the other two countries exhibit “smoother” volatility patterns. As a result, the models that incorporate jump effects overestimate the risk levels of the spread data. In contrast, Latin-American countries appear to experience distinct shock events that occur simultaneously across countries, consistently with the GARCH-PJ assumptions. Consequently, Var-Covar and GARCH confidence intervals are too narrow, as risk is underestimated.


When we concentrate on the Latin countries and portfolios, we find that, although it is the most accurate approach, GARCH-PJ tends to underestimate risk for the longer horizons. Our simulation procedures assume a number of conditions. Of these, possibly the most debatable are those regarding the joint distribution of jump events. We have assumed that jumps occur virtually simultaneously throughout Latin-America, and that they are of similar magnitude (and direction). This decision should, if anything, result in risk overestimation as our simultaneity assumptions reduce the effect of diversification in our portfolio. Moreover, the longer horizon risk underestimation problem also occurs at the individual level. The distribution of our non-jump innovations appears to be normal, consistently with the GARCH-PJ specification. Therefore, our model may be incorrectly assuming the magnitude of our jump events to be normally distributed also. Future research could consider alternative, leptokurtotic distributions for the jump magnitudes and their effect on confidence interval estimation.


Finally, the comparison between the constant and time-varying jump-probability specifications of GARCH-PJ yields mixed results. For the three forecast horizons, especially the two longer ones, the risk of a representative portfolio consisting of Brazil, Mexico, and Venezuela is better approximated by the constant jump probability GARCH-PJ. Yet, the risk of a second portfolio that adds Argentina is better approximated by the time-varying version of the model. Therefore, further testing is necessary to gauge the gains in risk-predictive power from using variables other than our ‘contagion’ indicator. 
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