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Motivation

1. Investigation of daily stock prices of the banks “Liechtensteinische Landesbank” and 

“Verwaltungs- und Privatbank“ from 2006 until 2010 and assessing the impact of the 

financial crisis and the “Zumwinkel-Affair” on performance and risk (using GARCH-

models)

2. Examination of monthly unemployment figures from Austria, Switzerland and 

Liechtenstein from 1995 until 2009 applying Threshold Autoregressive (TAR) models in 

order to check whether the dynamics in economic contractions are different from 

those in expansions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions
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1. Introduction 3. TAR-models on unemployment 4. Conclusions

2. GARCH-models on stock prices

2. GARCH-models on stock prices

Investigating daily stock prices of the two banks “Liechtensteinische Landesbank AG 

(LLB)” and “Verwaltungs- und Privatbank AG (VPB)” from January 1st 2006 until 

December 31th 2010: 

• GARCH-approach following Engle [1982] and Bollerslev [1986]

• Dependent variables: Daily percentage change of stock price (VPB or LLB)

Influence on performance (mean equation) AND risk (variance equation):

- Controlling variables: Performance of Swiss Market Index (%-change of SMI) and past 

performance of bank’s stock price (%-change of VPB or LLB)

- Additional impact of financial/subprime crisis: Time dummy from october 6th (2008) 

until october 19th (2009) 

- Additional impact of data theft (“Zumwinkel-affair”): Time dummy from february 15th 

(2008) until december 31th (2010)

- Augmented GARCH-specification of variance equation: Squared past residuals and past 

conditional variance are supplemented by squared control variables (same as in mean 

euqation) and by the dummy variables (“subprime crisis” and “data theft”)

?

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Data theft: „Zumwinkel-affair“

Heinrich Kieber sold stolen data (containing clients of the LGT Bank) to the german intelligence 

service (BND) for 5 Million Euro, which led to approximately 600 tax evasion proceedings in 2008. 

He also sold data to 13 other countries. Direct and indirect consquences for Liechtenstein: Strong 

capital outflow, trial against LGT and political pressure on Liechtenstein, which led to agreements 

on tax information exchange with (so far) 25 countries. Kieber’s domicil is still unknown...
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

„Zumwinkel-Affair“
„Subprime-Crisis“

Used data series: Visual inspection
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Modified data series: Visual and descriptive inspection

%∆LLB %∆SMI %∆VPB
Mean (1st moments) 0.0149 -0.0035 -0.0224
Median 0.0000 0.0496 0.0000
Maximum 10.0000 11.3910 24.1782
Minimum -11.3918 -7.7881 -16.5276
Std. Dev. (2nd moments) 2.0472 1.3427 2.4599
Skewness (3rd moments) -0.01668 0.3070 0.2726
Kurtosis (4th moments) 6.3034 11.0651 15.0161

Pattern of all three series: Leptokurtosis and volatility clustering. First indications that a 

GARCH-model could be fruitful.

!

���� Calculation of daily percentage differences (%∆VPB, %∆SMI, %∆LLB):
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices VPB (%∆): First impression

���� Heavy tails: Leptokurtic property of fourth moments evident (Kurtosis = 15.02 > 3)
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices VPB (%∆): First impression

Correlogram of squared residuals (     )2ˆtu

���� ACF of %-change of VPB stock prices (denoted below as „PD_VPB“) unveils no 

autocorrelation, while ACF of squared stock prices (PD_VPB2) shows significant

autocorrelation and therefore heteroskedastic characteristics.

���� Ordinary estimation (without GARCH-modeling) yields autocorrelated squared residuals, 

while non-squared residuals are not autocorrelated: Positive dependency of residuals‘

second moments means that variance is not constant over time (heteroskedasticity, 

volatility clustering). Results are shown below:
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices VPB (%∆): First impression

ARCH tests (Engle [1982]) supports findings of sample quantile, observed

distribution (leptokurtic), ACF of squared residuals: Existence of autoregressive 

conditional heteroskedasticity.

!
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices VPB (%∆): Estimated GARCH-model

• Dependent variable: Daily percentage change of stock price (VPB)

• Influence on performance (mean equation) AND risk (variance equation):

- Controlling variables: Performance of Swiss Market Index (%-change of SMI) and past 

performance of bank’s stock price (%-change of VPB)

- Additional impact of financial crisis/subrime crisis (additional effect beyond influence of 

crisis via SMI): Time dummy from october 6th (2008) until october 19th (2009) 

- Additional impact of data theft (separated from impact of financial crisis): Time dummy 

from february 15th (2008) until december 31th (2010)

- Augmented GARCH-specification of variance equation: Squared past residuals and past 

conditional variance are supplemented by squared control variables (same as in mean 

equation) and by the dummy variables (“financial crisis” and “data theft”)
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices VPB (%∆): Estimation output
���� Impact on performance (mean equation):

- Controlling variables:

� No indicated autocorrelation of %-change of VPB stocks

� %-change of SMI-Index highly significant

- Variables of main interest:

� Data theft had no significant influence

� Financial/subprime crisis had no significant effect (which

has not been covered by the SMI so far)

���� Impact on risk/volatility (variance equation):

- Controlling variables:

� %-change of VPB stock prices (one day before) has a 

positive significant effect on conditional variance

� %-change of SMI-Index (one day before) has a positive 

significant effect on conditional variance

� Conditional variance is positively dependent on past

conditional variance

- Variables of main interest:

� Data theft had increasing effect on conditional variance

additional to influence of financial crisis

� Financial/subprime crisis had a strong effect that was not

covered by the impact of crisis via SMI
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices VPB (%∆): Estimation output

Correlogram of squared residuals (     )
2ˆtu

� As a result of the incorporation of GARCH-equation, squared residuals feature no 

autocorrelation anymore.
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices VPB (%∆): Estimated conditional variance

„Subprime-Crisis“

„Zumwinkel-Affair“
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices LLB (%∆): First impression

���� Heavy tails: Leptokurtic property of fourth moments evident (Kurtosis = 6.30 > 3)
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices LLB (%∆): First impression

Correlogram of squared residuals (     )
2ˆtu

���� ACF of %-change of LLB stock prices (denoted below as „PD_LLB“) unveils only

autocorrelation of the first lag, while ACF of squared stock prices (PD_LLB2) shows

strong autocorrelation (for several lags) and therefore heteroskedastic characteristics.

���� Ordinary estimation (without GARCH-modeling) yields autocorrelated squared residuals, 

while non-squared residuals are not autocorrelated: Positive dependency of residuals‘

second moments means that variance is not constant over time (heteroskedasticity, 

volatility clustering). Results are shown below:
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices LLB (%∆): First impression

! ARCH tests (Engle [1982]) supports findings of sample quantile, observed

distribution (leptokurtic), ACF of squared residuals: Existence of autoregressive 

conditional heteroskedasticity.
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices LLB (%∆): Estimation output

• Dependent variable: Daily percentage change of stock price (LLB)

• Influence on performance (mean equation) AND risk (variance equation):

- Controlling variables: Performance of Swiss Market Index (%-change of SMI) and past 

performance of bank’s stock price (%-change of LLB)

- Additional impact of financial crisis/subrime crisis (additional effect beyond influence of 

crisis via SMI): Time dummy from october 6th (2008) until october 19th (2009) 

- Additional impact of data theft (separated from impact of financial crisis): Time dummy 

from february 15th (2008) until december 31th (2010)

- Augmented GARCH-specification of variance equation: Squared past residuals and past 

conditional variance are supplemented by squared control variables (same as in mean 

equation) and by the dummy variables (“financial crisis” and “data theft”)
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices LLB (%∆): Estimation output
���� Impact on performance (mean equation):

- Controlling variables:

� Significant autocorrelation of %-change of LLB stocks

� %-change of SMI-Index highly significant

- Variables of main interest:

� Data theft had no significant influence

� Financial/subprime crisis had no significant effect (which

has not been covered by the SMI so far)

���� Impact on risk/volatility (variance equation):

- Controlling variables:

� %-change of LLB stock prices (one day before) has 

positive significant effect on conditional variance

� %-change of SMI-Index (one day before) has positive 

significant effect on conditional variance

� Conditional variance is positively dependent on past

conditional variance

- Variables of main interest:

� Data theft had (small) increasing effect on conditional

variance additional to influence of financial crisis

� Financial/subprime crisis had a strong effect that was not

covered by the impact of crisis via SMI
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices LLB (%∆): Estimation output

Correlogram of squared residuals (     )
2ˆtu

� As a result of the incorporation of GARCH-component, squared residuals feature no 

autocorrelation anymore. 
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Stock prices LLB (%∆): Estimated conditional variance

„Subprime-Crisis“

„Zumwinkel-Affair“
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1. Introduction 2. GARCH-models on stock prices 4. Conclusions3. TAR-models on unemployment

Analysing monthly unemployment figures of Austria, Switzerland and Liechtenstein 

from January 1995 until December 2009:

• Threshold Autoregressive (TAR)-model after Tong [1977]

• Dependent variables: Monthly, seasonally-adjusted percentage change of number of 

unemployed people (Austria, Switzerland or Liechtenstein)

Inspection whether approach applying two different regimes is more appropriate than an 

“ordinary” AR(MA)-model for entire sample:

- Two different AR-models depending on past unemployment (Seasonally adjusted %-

change one month before: Either greater or smaller than 0)

- Approach of Baragona/Cucina [2009] to find TAR-specification: Genetic algorithm to 

evaluate the number of regimes, delay, delay parameter, lag length and estimation of 

model parameters1).

1) Program downloadable: http://w3.uniroma1.it/statstsmeh/index.htm

?

3. TAR-models on unemployment

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Unemployment: Visual inspections
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Unemployment: Data transformation

���� Calculation of %-differences and seasonal adjustment:

%∆ A %∆ CH %∆ FL
Mean 0.5504 0.1151 0.7788
Median 0.4667 -0.1414 0.2553
Maximum 9.0740 8.3964 18.7077
Minimum -5.2648 -4.2627 -10.8919
Std. Dev. 1.9010 2.4723 4.3815
Skewness 0.4281 0.6863 0.7280
Kurtosis 5.7494 3.2580 5.2864
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

Unemployment: First impression
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

TAR-models: Estimation output

���� No visual indication of TAR-structure (previous slide)

���� Also the estimation results do not clearly support the usage of TAR-models as a „very“ superior

alternative to „ordinary“ AR(MA)-models, even though the TAR-models yield slighty better RMSE-

scores for all three countries
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

TAR-models: Genetic algorithm

• Baragona and Cucina [2009] apply a algorithm (which minimizes either AIC or RMSE) to 

find the optimal TAR-structure and estimates 

Unemployment
(seas. adj. %-change):

AUSTRIA
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment 4. Conclusions

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

TAR-models: Genetic algorithm

• Baragona and Cucina [2009] apply a algorithm (which minimizes either AIC or RMSE) to 

find the optimal TAR-structure and estimates 

Unemployment
(seas. adj. %-change):

SWITZERLAND
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GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment

TAR-models: Genetic algorithm

• Baragona and Cucina [2009] apply a algorithm (which minimizes either AIC or RMSE) to 

find the optimal TAR-structure and estimates 

Unemployment
(seas. adj. %-change):

LIECHTENSTEIN
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1. Introduction 2. GARCH-models on stock prices 3. TAR-models on unemployment

4.Conclusions

4.Conclusions

���� The two factors of main interest, namely the additional effect of the financial crisis (not already 

captured by SMI) and the additional effect of the “Zumwinkel-Affair” (separated from impact of 

financial crisis), do not affect the performance (daily %-change in stock prices) of the two 

investigated banks. However, they have had a significant (cumulating) impact on risk/volatility:

While the financial crisis had a strong effect on both stocks (LLB and VPB), the additional impact of 

the „Zumwinkel-Affair“ was more intense refering to the VPB stock (yet significant for both

stocks).

���� The TAR-models for unemployment were just estimated as an illustration. They don‘t seem to be

very appropriate to model the data in focus.

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment
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Thanks for your attention!
Questions and comments VERY welcome…

andreas.brunhart@gmx.li

� Very interesting documentary about the data thief:
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Quoted Literature

GARCH-models dealing with daily stock prices and
TAR-models regarding monthly unemployment


