FCU ePaper

FP R LS e ePaper

FLEEL

TR ARG MR < e A Y

Out-of-sample forecasting on financial risk models

B - AR 2IBu%
N Q1=

g% © M0805511 M0706329
FFRERT © BRI 2%
wte s - R AT

PSR ZAT © Suat 2R at B RAE LDt
FRRREREE ¢ 108 EREE 55 1 S

/& $: ')
A4



Out-of-sample forecasting on financial risk models
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Out-of-sample forecasting on financial risk models

Abstract

This report evaluates risk performance based on two stock market indexes, Russell 2000 and
Swiss Market Index. We use the R package “quantmod” to extract daily returns from Yahoo
Finance. We employ six risk models to make inference model parameters and forecast volatil-
ity and Value-at-Risk. There are RiskMetrics, GARCH model, GARCH in Mean, integrated
GARCH, GJR-GARCH, and exponential GARCH models. The last two models are known
as the asymmetric heteroscedastic models. Four error probability distributions are consid-
ered, included Normal, Student’s t, skew Student’s t and generalized error distributions. We
consider an in-sample period from January 4, 2000 to August 30, 2018. We focus on one-
step-ahead forecasts based on a rolling window approach. The out-of-sample period covers
from September 1, 2018 to December 25, 2019. We provide violation rates for all risk models,
which should be close to the nominal level a. Two backtests, the unconditional coverage test
and the conditional coverage test, are used for both 1% and 5% levels. The analysis results
show that EGARCH with skew Student’s error is the best model in both stock markets at
the 1% level. This EGARCH with skew Student’s error can well explain the characteristics

of skewness and thick tail.

keyword:quantmod , Russell 2000 , Swiss Market Index , GARCH , violation rates , backtest
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Out-of-sample forecasting on financial risk models
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Out-of-sample forecasting on financial risk models
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Figure 1: Daily closed price & time plot of daily log returns for Russell 2000 from January
1, 2000 to October 30, 2018.
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Figure 2: Daily closed price & time plot of daily log returns for Swiss Market Index from
January 1, 2000 to October 30, 2018.
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Out-of-sample forecasting on financial risk models

3.1 HistHE

Table 1: Summary statistics of market returns for the in-sample period(January 4, 2001 to

August 30, 2018).

Returns Russell 2000 Swiss Market Index
Mean 0.024 0.003
SD 1.482 1.159
Skewness -0.300 -0.173
Kurtousis 4.871 7.119
Min -12.613 -9.070
Max 8.861 10.787
JBTest® 0.000 0.000
Q(5)° p —value 0.000 0.000
Q%*(5)" p — value 0.000 0.000
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3.2 &R

Table 2: Volatility forecast using loss function.

Russell 2000 Swiss Market Index

Model MSE

GARCH-n 1.3350 0.5970
GARCH-t 1.3410 0.5964
GARCH-st 1.3390 0.5978
GARCH-GED 1.3400 0.5964
IGARCH-n 1.3330 0.5968
ICARCH-t 1.3410 0.5964
IGARCH-st 1.3380 0.5978
IGARCH-GED 1.3400 0.5963
GJR-n 1.3340 0.6032
GJR-t 1.3380 0.5982
GJR-st 1.3360 0.5994
GJR-GED 1.3380 0.5992
EGARCH-n 1.3330 0.6035
EGARCH-t 1.3370 0.5989
EGARCH-st 1.3350 0.6001
EGARCH-GED 1.3370 0.5996
GARCH-M-n 1.3370 0.5959
GARCH-M-t 1.3610
GARCH-M-st 1.3580 0.5966
RiskMetrics-n 0.5964
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Out-of-sample forecasting on financial risk models

Table 3: Evaluating VaR(1%)prediction performance based on the U.S. and Switzerland

stock market.

Russell 2000

Swiss Market Index

Violation =~ VRate Violation  VRate
Model No 1% No 1%
GARCH-n 8  2.43% 8 2.43%
GARCH-t 8  2.43% 6 1.82%
GARCH-st 6 1.82% 6 1.82%
GARCH-GED 8  2.43% 6 1.82%
IGARCH-n 8  2.43% 7 2.12%
IGARCH-t 6 1.82% 7 2.12%
IGARCH-st 6 1.82% 5 1.51%
IGARCH-GED 6 1.82% 7 2.12%
GJR-n 9/ 41D 74 7T 2.12%
GJR-t 8 _287% 5 1.51%
GJR-st 6 1.82% 5 1.51%
GJR-GED 9 2.74% 5 1.51%
EGARCH-n 9 2.74% 6 1.82%
EGARCH-t 8  2.43% 5 1.51%
EGARCH-st 4 4
EGARCH-GED 9 2.74% 5 1.51%
GARCH-M-n 8  2.43% 8 2.43%
GARCH-M-t 8  2.43% 6 1.82%
GARCH-M-st 8 1.82% 6 1.82%
RiskMetrics-n 9  2.74% 9  2.73%
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Table 4: Evaluating VaR(5%) prediction performance based on the U.S. and Switzerland

stock market.

Russell 2000

Swiss Market Index

Model Violation ~VRate Violation = VRate

No 5% No 5%
GARCH-n 21 6,38% 15 4.55%
GARCH-t 23 6.99% 16
GARCH-st 18 5.47% 15 4.55%
GARCH-GED 20 6.08% 16
IGARCH-n 18 5.47% 16 [4.86%
IGARCH-t 22 6.69% 17 5.16%
IGARCH-st 16 15 4.55%
IGARCH-GED 19 5.78% 16
GJR-n 18 5.47% 18 5.47%
GJR-t 19  5.78% 19 5.77%
GJR-st 14 4.26% 18 547%
GJR-GED 17 5.17% 19 5.77%
EGARCH-n 17 5.17% 16
EGARCH-t 18 5.47% 17 5.16%
EGARCH-st 12 3.65% 16
EGARCH-GED 17 5.17% 16
GARCH-M-n 21 6.38% 15 4.55%
GARCH-M-t 23 6.99% 16
GARCH-M-st 19 5.78% 15 4.55%
RiskMetrics-n 20 6.08% 21 6.38%

16

FCU e-Theses & Dissertations (2020)



Out-of-sample forecasting on financial risk models

Table 5: Evaluating VaR prediction performance for the U.S. stock market.

ucC cC

Russell 2000 1% 5% 1% 5%

GARCH-n 0.027 0.072 0.269 0.514
GARCH-t 0.027 0.072 0.117 0.251
GARCH-st 0.178 0.361 0.699 0.928
GARCH-GED  0.027 0.072 0.384 0.187
IGARCH-n 0.027 0.072 0.699 0.928
IGARCH-t 0.178 0.361 0.181 0.370
IGARCH-st 0.178 0.361 0.909 0.963
IGARCH-GED 0.178 0.361 0.529 0.582
GJR~n 0.009 0.026 0.699 0.928
GJR-t 0.027 0.072 0.529 0.816
GJR-st 0.178 0.361 0.525 0.438
GJR-GED 0.009 0.026 0.890 0.982
EGARCH-n 0.009 0.026 0.890 0.982
EGARCH-t 0.027 0.072 0.699 0.928

EGARCH-st 0.704 0.885 0.238 0.316
EGARCH-GED 0.009 0.026 0.890 0.982
GARCH-M-n 0.027 0.072 0.269 0.514
GARCH-M-t 0.027 0.072 0.102 0.223
GARCH-M-st 0.178 0.361 0.529 0.816
RiskMetrics-n 0.009 0.026 0.384 0.669
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Table 6: Evaluating VaR prediction performance for the Switzerland stock market.

UC CC

Swiss Market Index 1% 5% 1% 5%

GARCH-n 0.027 0.071 0.719 0.076
GARCH-t 0.176 0.358 0.919 0.115
GARCH-st 0.176 0.358 0.719 0.076
GARCH-GED 0.176 0.358 0.919 0.115
IGarch-n 0.073 0.172 0.919 0.115
IGARCH-t 0.073 0.172 0.880 0.156
IGARCH-st 0.376 0.625 0.719 0.076
IGARCH-GED 0.073 0.172 0.919 0.115
GJR-n 0.073 0.063 0.690 0.192
GJR-t 0.376 0.108 0.520 0.218
GJR-st 0.376 0.108 0.690 0.192
GJR-GED 0.376 0.108 0.520 0.218
EGARCH-n 0.176 0.358 0.919 0.465
EGARCH-t 0.376 0.625 0.880 0.543
EGARCH-st 0.699 0.883 0.919 0.465
EGARCH-GED 0.376 0.625 0.919 0.465
GARCH-M-n 0.027 0.071 0.719 0.076
GARCH-M-t 0.176 0.358 0.919 0.115
GARCH-M-st 0.176 0.358 0.719 0.076
RiskMetrics-n 0.009 0.025 0.263 0.014
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Out-of-sample forecasting on financial risk models
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Figure 3: VaR forecasts (blue line) and daily returns for Russell 2000(329 prediction samples
from September 1, 2018 to December 25, 2019) at the 1% leve:EGARCH-st
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Figure 4: VaR forecasts (blue line) and daily returns for Swiss Market Index (329 prediction
samples from September 1, 2018 to December 25, 2019) at the 1% level EGARCH-st
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