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ABSTRACT
Following the landmark ruling by the German Federal Constitutional Court in Karlsruhe on 7th
February 2014 in which they endorsed the efficient market hypothesis, we present evidence on
the efficiency of the German financial market. Introducing a new variance bound test based on
the Component-GARCH model of volatility to analyse the long- and short-runs effects on the
efficiency of the German financial market, we test the price volatility of four markets: DAX stock
index, German sovereign debt index as provided by Barclays and Bloomberg, Euro gold index
by the World Gold Council and Euro currency index by the Bank of England. Our use of the
Component-GARCH-T model highlight two key contributions, the first being the analysis of the
efficiency of the market in the long and short runs. However, a more important contribution is the
result of our variance bound test highlight the relatively strong acceptance of the efficient market
hypothesis in both the short and long runs in all the observed financial markets. It must be stated
our research is of importance to researches in both applied finance and portfolio management.
The influencing question of what moves specific markets is crucial to market participants seeking
market alpha for their investments strategies and portfolio optimisations.
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INTRODUCTION

The question of what moves prices in the
financial market is in itself not a new one.
Recently, this debate gained new ground due
to the recent financial crises which started in
mid-2007. Therefore, the landmark ruling by
the German Federal Constitutional Court in
Karlsruhe on 7th February 2014 in which they
endorsed the efficient market hypothesis per
Winkler (2014) is interesting on many levels.
In a way, this highlights the question does
the ruling mean that the German financial
market is efficient? Furthermore, it raises an
issue if the efficient market hypothesis is the
key explanation of the price movement in the
financial market then are the criticisms, as
noted by Ball (2009) and Fakhry (2016), in
the aftermath of the crises justified? The main
question of what moves financial markets is
important for researchers in the field of applied
finance and portfolio manager, due to it being
the underlining factor in investment decisions
and portfolio optimisation. One of the key
reasoning is that it is crucial for market participants wanting alphas for their investments
decisions and portfolio optimisations.
Perhaps an explanation of the efficient market hypothesis or EMH would be ideal at
this point. The EMH was developed thru the
contribution of prominence articles by Fama
and Malkiel such as: Malkiel (1962), Fama
(1965), Malkiel and Fama (1970). At the basic
level, the EMH hypothesize, as proposed by
Malkiel (1962) and Fama (1965), that the
price of any asset must immediately reflect
fundamental information regarding the asset.
The assumption is that market participants
behave in accordance with the theory of perfect
competition which is based on an idealise world
where market participants are rational, risk
averse and profit maximisers. Of course, recent
events have illustrated that this is not always
the case as Ball (2009) and Fakhry (2018) have
shown. Therefore, there is a need to include
behavioural finance in the pricing of any asset.
The key argument underpinning behavioural
finance is as put so elegantly by Thaler (2015,
p. 4) market participants are homo sapiens

and not homo economicus, hence as stated by
Bernard Baruch: “What is important in market
fluctuations are not the events themselves, but
the human reactions to the events.” (Lee et al.,
2002, p. 2277)
A key factor in the efficiency of the market
is the differentiation between long and short
run price volatility behaviour. As suggested by
De Bondt (2000), the price tends to deviate
from the fundamental value in the short run.
However, the price usually reverts to the
fundamental value in the long run. This is
more obvious during an asset price bubble;
as hinted by Blanchard and Watson (1982)
and Barlevy (2007). Essentially an asset price
bubble is a rapid upwards pressure on the
price, eventually causing systematic downwards
pressure to correct the price. Often leading to a
crash in the prices where the price is under massive downwards pressure. In the long run, the
market could return to the fundamental price
and hence be “efficient” or it could collapse.
The price movements are driven by market
participants’ reaction to events and information
which differ and may be asymmetric in the
short-run and long-run.
In order to analyse the different impacts from
the short and long run on the efficiency of
the German financial market, we change the
variance bound tests of Fakhry and Richter
(2015, 2016a, 2016b) and Fakhry et al. (2017) to
use an asymmetrical variant of the C-GARCH
model proposed by Engel and Lee (1999). This
will allow us to distinguish between the long
and short run efficiency. We also contribute by
using the Euro currency index and German All
Maturity sovereign debt index obtained from
the Bank of England and Barclays Bank plc
respectively. In addition, we use the DAX stock
index. Since Germany has the second largest
gold reserve and is the fourth biggest consumer
of gold according to the World Gold Council,
we also use the Euro gold index obtained from
the World Gold Council.
Our findings indicate that unlike previous
studies conducted using the variance bound
test e.g. Fakhry and Richter (2015, 2016a),
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we found evidence suggesting that the German
financial market is efficient. All four observed
German markets: equity, gold, sovereign debt
and foreign exchange were efficient in both the
long and short runs. This suggests that the
differentiation between the short and long run
is limited in the case of the German financial
market. However, another possible explanation
is the stability state argument of Fakhry (2016).
Fakhry (2016) hints that during large observations containing both high and low volatile
periods, the periods could cancel each other out
leading to the market appearing to be stable
and efficient. This is usually the case in the long
run as argued by De Bondt (2000). However,
as argued Engle and Lee (1999), in the short
run the market is more volatile and reactive;
thus should reflect an inefficient market. There
is a clue in the previous statement, a reactive
market can sometime lead to a false state
of stability which gives the impression of an
efficient market, especially over a long period
of observation.
Our two key contributions is that we use
the component GARCH-T to analyse the long
and short run efficiency of the market. Thus
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leading to our main contribution, namely that
the results defy the conventional wisdom in
that we found that the German financial market
seems to be efficient in both the long and short
runs.
Furthermore we also contribute via the data
we use. although previously many have used
stock and FX indices to observe the efficiency
of the financial markets, yet the use of sovereign
debt and gold market indices has been limited
in the area of financial econometrics in general.
The second contribution is that we analyse
the efficiency of the Euro currency index as
obtained from the Bank of England which have
also been limited.
This article is structured in the following
way. Firstly, we will briefly and critically
review the recent empirical literature on the
EMH, behavioural finance theory and component GARCH model. This will lead to the
methodology which will describe specification of
the variance bound test and underlying asymmetrical component GARCH models. Sections
four and five presents the data and empirical
results. Finally, section 6 concludes.

LITERATURE REVIEW

The Literature review is divided into three key
subsections: a review of the empirical evident on
the EMH, behavioural finance theory and the
Component GARCH model. This article will
not review the theories and tests underpinning
the EMH and behavioural finance theory, see
Fakhry (2016) and Fakhry (2018) for a critical
review of the theories and tests. The crucial
factor is the differentiation of the long run and
short run on the price volatility which impact
the efficiency of the market.

in the sovereign debt market by Fakhry and
Richter. In a series of studies into the efficiency
of the sovereign debt market, see Fakhry and
Richter (2015, 2016a, 2016b), they found that
in general market participants reacted to events
rather than fundamental information during
the recent financial and sovereign debt crises.
A similar point was illustrated by Fakhry
et al. (2017). However, these studies also
highlighted some evidence of efficiency during
several periods in several markets. Conversely,
although Fakhry and Richter (2015, 2016a)
provided mixed evidence of the efficiency of the
2.1 Review of the Efficiency
German Bund market. In truth, the evidence
of the Markets
was pointing to an inefficient market in the
The empirical evidence of the past few years general sense; since in theory any market cannot
have illustrated that markets are not efficient be partly efficient.
during a period of highly volatile and reactive
The evidence in the stock market is also
environment as highlighted by recent studies mixed as illustrated by several recent studies
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(i.e. Borges, 2010; Panagiotidis, 2010; Onali
and Goddard, 2011; Todea and Lazar, 2012;
Sensoy and Tabak, 2015; Singh et al., 2015).
Conversely, Borges (2010) found a split in the
European stock markets with the Greek and
Portuguese rejecting and the western European
countries including Spain accepting the weak
form EMH. Also finding that the German
market does accept the weak form of the EMH.
Interestingly, Sensoy and Tabak (2015) studying the impact of long-time memory on the
efficiency of the European Union stock markets
during the recent financial and sovereign debt
crises found mixed evidence. This seem to be
backing the evidence found in the sovereign
debt market by Fakhry and Richter (2015,
2016a, 2016b) and Fakhry et al. (2017).
In a way, the recent evidence on the efficiency
of the FX market is similar to the previous
two markets in that it is mixed see (Ahmad et
al., 2012; Lee and Sodoikhuu, 2012; Boboc and
Dinică, 2013; Mele, 2015). Lee and Sodoikhuu
(2012) analysed the impact of market strategies
on the efficiency of the FX Market, finding
that in general the three observed FX markets
are efficient. Conversely, transaction costs do
have a greater impact on the efficiency of the
FX market. A key finding in accordance with
our article is that the euro/dollar FX rate
is efficient. Mele (2015) find that arbitrage
opportunities do exist for longer periods in
the FX market, therefore violating one of
the fundamental rules underpinning the EMH:
arbitrage opportunities don’t exist for long
periods. By default, this means that the FX
market is inefficient. The results conflict with
that of Lee and Sodoikhuu (2012) in illustrating
that the leading FX markets, including the
Euro, are inefficient.
Like the other markets, the limited recent
empirical evidence for the efficiency of the gold
market seem to be hinting at an inefficient
market. Although the empirical evidence is
not direct testing the EMH, the literature is
concentrating on a weak form of efficiency by
using two methods. The first is cointegration
as use in Narayan et al. (2010) and Zhang and
Wei (2010), the argument is if the market has
a cointegration relationship with other markets

Bachar Fakhry and Christian Richter

than the market is regarded as inefficient.
Narayan et al. (2010) found that the gold
market has a cointegration relationship with
the oil market. Zhang and Wei (2010) also
found a strong relationship between the gold
and oil markets. The second is multifractal as
use in Wang et al. (2011), the argument is
that if the trend in the market is unexplained
by a single factor then the market is regarded
as inefficient. However, Wang et al. (2011)
seem to be hinting at a rather mixed evidence
with the gold market appearing to be efficient
during upward trending periods and inefficient
during downward trending periods. Mali and
Mukhopadhyay (2014) provide further evidence
of the multifractal nature of the gold market in
the Indian, Chinese and Turkish markets therefore these markets are regarded as inefficient.

2.2

Brief Review of the Alternative
Theory of Asset Pricing:
Behavioural Finance

As we have seen the recent empirical evidence
on the efficiency of the market is not strong,
Hence there is a need to include the behavioural
finance theory for a complete picture of financial
asset pricing. So we will analyse the empirical
evidence on key behavioural factors in recent
years.
In studies by Fakhry et al. (2017) and
Masood et al. (2018), they found evidence of
overreacting in the sovereign debt market. The
Greek market is relatively small in comparison
with the size of the eurozone market, hence
the Eurozone crisis was based on overreacting
market participants. Also as hinted by Fakhry
(2018), during the financial crisis market participants fleeing from the equity markets and
mortgage backed securities were underreacting
in the sovereign debt market, there is a pattern
of behaviour during any flight top safety that
tend to lead to an underreaction. Conversely,
as Ball (2009) points out there was a hint of
underreaction to the information underpinning
the mortgage back securities during the asset
bubble of the mid-2000s.
Analysing the impact of the Tohoku Tsunami
of 2011 on the Japanese financial market,
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Fakhry et al. (2017) found overreaction in
the equity, FX and sovereign debt market
during the immediate aftermath. This is in line
with previous studies like Maierhofer (2011),
Luo (2012), Parker and Steenkamp (2012) and
Ferreira and Karali (2015) who found no impact
other than in the immediate aftermath. Thus
hinting that an overreaction is nearly always
short lived during extreme events.
Another behavioural factor often observed is
herding, Nofsinger and Sias (1999) characterized this phenomena as trading in the same
direction by a group of investors for a period of
time. This is often the case during in extreme
conditions such as bubbles as illustrated by
Jiang et al. (2010), Sornette and Cauwels
(2015) and Gerlach et al. (2018) and crashes
as highlighted by Brunnermeier (2009) and
Economou et al. (2011) during flights.

2.3

Review of Long/Short Run
Volatility

As stated by Pastor and Stambaugh (2012),
conventional wisdom dictates there is a different
between the long and short run. Generally,
markets are less volatile in the long run due
to being less perceptive to shocks; hence they
are increasingly stable. As Engle and Lee (1999)
states volatility is greater in the short horizon
than in the long horizon. This indicates a
more rapid short run volatility mean reversion
than in the long run as hinted by Engle and
Lee (1999). Per Colacito et al. (2011), another
important principle often made in economics
is the existence of different long and short
run sources affecting volatility. Additionally,
as De Bondt (2000) hints the price reverts
to the fundamental value in the long run.
This means that the factors effecting the price
and hence price volatility in the short and
long runs are different. Effectively what De
Bondt (2000), Pastor and Stambaugh (2012)
and many others like Engle and Lee (1999) are
hinting is the reaction of markets participants
tend to deviate with time. Another factor,
suggested by Engle and Lee (1999), is the
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different impact from the leverage effect and
market risk premium on the market in the
short and long run. In a paper written as part
of a book in honour of Clive Granger, Engle
and Lee (1999) extended the GARCH model
to account for the permanent (long run) and
transitory (short run) components of volatility
deriving the component GARCH model (aka CGARCH). In this section, we will review the
empirical evidence on the C-GARCH model.
Recent empirical evident for the C-GARCH
model seem to agree with the general conception that financial market volatility differentiate between long and short runs. Much
of the literature is concern with the volatility
in the stock market. Guo and Neely (2006)
found evident consistent with Engle and Lee
(1999) suggesting that long-run volatility better
determines the international conditional equity
premium than the short run volatility. Adrian
and Rosenberg (2008) interprets the shortrun volatility component as a measure of
financial constraints tightness, while the long
run volatility component is related to business
cycle risks. However contrary to the accepted
wisdom, Pastor and Stambaugh (2012) found
that in accounting for predictor imperfection
stock markets are more volatile in the long run.
Du and Hu (2014) analysing the impact of the
long run component in FX volatility on the
stock market returns found that it does have
explanatory power in determining the stock
returns.
Analysing the Eurozone sovereign debt market, Sosvilla-Rivero and Morales-Zumaquero
(2012) found a different between both volatility
components. In general, the permanent component exhibited long memory while the transitory component exhibited short memory. They
highlight that shocks are of higher importance
than transitory shifts in the Eurozone sovereign
debt market. Furthermore, they hint at a
familiar split between the core and peripheral
Eurozone countries in the transitory shifts
with respect to the degree of policymakers’
credibility and public finance’s stability.
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METHODOLOGY

The main aim of this paper is to extend the variance bound test of Fakhry and Richter (2015)
and Fakhry and Richter (2016a) to analyse the
efficiency of the markets in the long and short
runs. We proposed a new variance bound test
by extending Fakhry and Richter (2016a) using
an asymmetrical C-GARCH, proposed by Engle
and Lee (1999), variant of the variance bound
test proposed by Shiller (1979, 1981). We use
the 5% critical value F -statistics to test the
efficient market hypothesis. As with Fakhry
and Richter (2015, 2016a, 2016b) and Fakhry
et al. (2017), we follow the pre-requisite steps
advocated by Shiller (1979, 1981).

equation 5 where the dynamics of the structure
of conditional variance can be illustrated:
ht = σ 2 + (αp kt−1 − σ 2 ) + βq ht−1 − σ 2 ). (5)

The issue is that σ 2 represents the unconditional long run variance. However as argued
by Engle and Lee (1999), at the heart of this
equation is the question of whether the long run
volatility is truly constant over time. Surely,
a more flexible specification where the long
run volatility is allowed to evolve lowly in an
autoregressive manner is a more appropriate
model of volatility, given the empirical evidence
on time varying and mean reverting volatility
1. As illustrated by Shiller (1981), the key as stated by Engle and Lee (1999). A more
factor underlying any variance bound test flexible model would be equation 6 whereby σ 2
is the variance calculation. We model the is represented by mt , a time-varying long run
datasets in our test as a time varying lagged model of volatility.
variance of the price using equation 1. We
(6)
mt = ω + ρp mt−1 + φq (kt−1 − ht−1 ),
used the 5-lagged system, as oppose to the
20-lagged system advocated by Fakhry and
(ht − mt ) = σ 2 + (αp kt−1 − mt−1 ) +
Richter (2015).
+ (βq ht−1 − mt−1 ).
(7)
Q
∑
(Price − µ)2
Hence, equation 6 is a stochastic representaq=1
tives
of the long run volatility otherwise known
. (1)
lim var (Pricet ) =
t→T
Q
as the trend in volatility and equation 7 is the
difference between the conditional volatility and
2. The first order autoregressive model estrend, i.e. the long run volatility. Essentially
timates the residuals in the econometric
equation 7 is the short run or transitory
model underpinning the test as illustrated
volatility.
by equation 2 and 3:
In essence, this means the dynamics of the
volatility
components can be interpreted as in
var (Pricet ) = a + b1 var (Pricet−1 ) + µt , (2)
three steps. Firstly, the short run volatility
µt = τ µt−1 + εt .
(3) component is mean reverting to zero at a
geometric rate of (α + β) under the condition
3. Estimate the first order asymmetrical Cof 0 < (α + β) < 1. Secondly, as highlighted
GARCH (1, 1) model to obtain the long
previously the long run volatility component
run and short run volatility coefficients. It
evolves over time in an AR process; conversely
is worth remembering that the GARCH (p,
if 0 < ρ < 1 then it will converge to a
q) model as proposed by Bollerslev (1986)
ω
constant level of 1−ρ
. The third step is based
2
is written as equation 4 where ht = σt and
on the assumption that the long run volatility
2
kt = εt :
component has a slow rate of mean reversion
ht = ω + αp kt−1 + βq ht−1 .
(4) than the short run volatility component; simply
put, the long run volatility component is the
As suggested by Engle and Lee (1999), more persistent of the two components meaning
equation 4 can be slightly transformed into 0 < (α + β) < ρ < 1.
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We opt to use a single asymmetrical order
one lagged C-GARCH model in our tests.
Remember the short run volatility component
is given by equation 7. The TARCH model as
defined by Zakoian (1994) is given by equation
8. Taking equation 8, we could transform it to
a single order asymmetrical C-GARCH model
by subtracting the long run volatility from
each term in the equation to give equation 9.
Notice how if the asymmetrical effect is zero
the basic model collapses to a CGARCH model
as illustrated by equation 7. A key factor is that
the asymmetrical effect is only added to the
short run component of the C-GARCH model,
see equation 9. This is mainly due to the short
life of the asymmetrical effect.
ht = αkt−1 + βht−1 + γkt−1 I,
(ht − mt )

=

(8)

σ 2 + (αp kt−1 − mt−1 ) +

{
where I =

+ γ(kt−1 − mt−1 )I,

(9)

0, εt ≥ 0,

1, εt < 0.
As with Fakhry and Richter (2016a, 2016b),
we also illustrate the impact of the asymmetrical effect on the efficiency of the market.
The key is the γ coefficient in equation 9
where γ ̸= 0 then there is an asymmetrical
effect; if γ > 0 then there is a leverage effect
meaning negative shocks have greater impact
than positive shocks.
As noted by Engle and Patton (2001), there
is a story within any member of the GARCH

4

family of volatility models influenced by the
coefficients in the transitory and permanent
variance equations. Since as illustrated by Engle
and Patton (2001), the market shocks and
persistent are indicated by the coefficients α and
β, respectively. Therefore, we can deduce that ϕ
and ρ indicate the long run market shocks and
persistent, respectively.
The coefficients of the Component-GARCH
model of volatility are also key to our variance
bound test. As mentioned earlier in this section,
we derive our EMH test by using the f statistics; for our observed samples, the f statistics at the 5% level is 1.96. We calculate
our test statistics using equation 10 and 11 as
the short run and long run tests of efficiency
respectively.

EMH TestSR

+ (βq ht−1 − mt−1 ) +
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EMH TestLR

(α + β + γ) − 1
≤
std. dev. (var(x))
≤ F -statistics,
(10)
(ρ + ϕ) − 1
=
≤
std. dev. (var(x))
≤ F -statistics.
(11)
=

By definition the market is efficient when
the conditions as set in equations 10 and 11
are true. Theoretically, the market is only
truly efficient when the EMH test statistics is
equal to the f -statistic. Hence, we reject the
null hypothesis for the EMH if the condition
in equations are true but accept the null
hypothesis of the market being too volatile to
be efficient for anything else.

DATA DESCRIPTION

As stated previously, this paper analyses the
three major German financial markets to establish whether the court ruling means they
are efficient. With this in mind, we test the
efficiency of the equity, FX and sovereign debt
markets. As illustrated in, we opt to use the
price on indices to reflect the German financial
market. As with the norm, we choose to use a

five-day week filling in the missing data with
the last known price.
It must be noted that similar to all indices the
four indices are based on weighted ratios of the
components prices. The DAX consist of thirty
of the largest listed companies on the German
equity market each weighted by a given ratio.
The Euro Currency Index1 is calculated on a

1 For a description of the index and how it is calculated see the following Bank of England website:
http://bankofengland.co.uk/statistics/pages/iadb/notesiadb/Effective_exc.aspx.
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daily basis by the Bank of England using the
five major currencies with a weighted ratio: US
Dollar, British Sterling, Japanese Yen, Swiss
Franc and Swedish Krona. As hinted by the
name, the German All Maturities Government
Index consists of all the government bonds
maturities weighted by a ratio. The Gold
Price Index consist of all gold markets in the
Eurozone indexed to 1st January 1999.

5

A key issue with our variance bound test was
the standard deviation of the DAX Index and
Gold market variances which caused a problem
with the EMH test statistics. We tried several
methods to resolve the issue, the best solution
was to divide the daily index price by 100 and
10 for the DAX and Gold prices respectively
before calculating the five-day variance.

EMPIRICAL EVIDENCE

As hinted earlier, the keys to the EMH test
statistics are the coefficients to the variance
equation of the volatility model and standard
deviation of the observed dataset. Hence in
essence the model of volatility estimated determines the statistics. In Fakhry and Richter
(2015) and Fakhry et al. (2017), the estimated
model was the GARCH. In Fakhry and Richter
(2016a, 2016b), the model used was the GJRGARCH. The GJR-GARCH had the influential
factor of allowing for the analysis of the
asymmetrical effect on the EMH. We continue
to use the asymmetrical effect in this paper,
however we also analyse the effect of long and
short runs on EMH. For this reason, we use
the C-GARCH with an asymmetrical factor
in the estimation of the coefficients. We test
for overall, long run and short run efficiency.
We also analyse the behaviour of the German
financial market volatility.
Tab. 2: Model Settings

Option
Optimisation Method
Legacy Method

Setting
EViews Legacy
Marquandt

Max Iterations

5,000

Convergence

0.0001

Coefficient Covariance Method
Starting Coefficient Values
Presample Variance
Derivative Method

Ordinary
EViews Supplied
Backcast with
parameter = 0.7
Accuracy

In estimating the models, we used the settings
in Tab. 2. However, with the error distribution,
2 We

we used a different distribution model for each
dataset to get the best estimation: Equity (Normal), FX (GED), Sovereign Debt (Student’s t)
and Gold (Student’s t). Crucially, the system
environment may influence the estimation: Our
system is running EViews 9.5 on a Windows
10 Pro, 6 cores CPU and 24 Gigabytes RAM
computer2 .
A general summarization is the observation
of a different in the behaviour of price volatility
between the long and short runs in all three
financial markets. It is to be noted that the
volatility seems to be more persistence in the
long run than the short run. However as argued
by De Bondt (2000), the evidence seem to
suggest that the market is reverting back to
the fundamental value in the long run. A key
explanation is persistency in market volatility
can only be observed in the long-run, since the
persistent is based on long memory behaviour
as hinted by Engle and Lee (1999). However,
the markets seem to be highly reactive in the
short run. This appears to be in accordance
with the accepted wisdom of volatility being
greater in the short run than the long run as
argued by Engle and Lee (1999) and Pastor
and Stambaugh (2012). This is to be expected,
since behavioural theories dictate that market
participants react with greater intensity to news
in the short run as hinted by Engle and Lee
(1999). In effect this means that the effect of the
reaction of the German market participants on
financial market volatility is deviating with time
as suggested by Engle and Lee (1999), De Bondt
(2000) and Pastor and Stambaugh (2012).

tested on a different environment got slightly different estimation results.
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Tab. 1: Major German Financial Markets Indices

Market

Equity

Foreign Exchange

Sovereign Debt

Gold

Index

DAX

Effective Exchange
Rate Index, Euro

German all
Maturities Index

Gold Price Index, Euro

Source

investing.com

Bank of England

World Gold Council

Period

from 02/01/1981
to 31/12/2016

from 02/01/1975
to 31/12/2016

Barclay Risk Analytics
& Index Solutions Ltd.∗)
from 31/12/1997
to 31/12/2016

10,957

4,958

9,916

Observations 6,783

from 29/12/1978
to 30/12/2016

Note: ∗) It must be noted that on the 24th August 2016 the Barclay Risk Analytics and Index Solutions Ltd. was taken
over by Bloomberg. So, the product is now known as Bloomberg Government bonds.

Fig. 1: German Financial Markets Volatility Components

The observed period is interesting because it
highlights the different impact of major events
on the long and short run volatility. Essentially,
Fig. 1 highlights the impact from two key events
on the German financial market, financial crises
of late 2007 to 2016. Whichever way you look at
it, the financial crises seem to have a strong effect on the three observed markets. Conversely,
the Brexit vote on 23rd June 2016 extended
the volatile period. Of cause the introduction

of the Euro on 1st January 1999 is of significant
interest to the German financial market, yet
the evident from Fig. 1 seem to hint at a slight
impact on the equity and FX markets but
none on the sovereign debt and gold markets.
However, it is worth remembering that these
two markets are regarded as safe havens and
the introduction of the euro was not regarded
as a risk. Another possible explanation is due to
the large impact of the financial and sovereign
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debt crises on these two markets, the volatility
in these two markets deviated away. Remember
a key theory of the GARCH/ARCH models
as intended by Engle (1982) and Bollerslev
(1986) is that volatility deviates over time, so
a highly volatile event in the past becomes less
influential with time on the observed dataset.
The other major event is the aftermath of the
re-unification of Germany in 1990 which seem
to be highlighted in the FX market but not in
the equity and gold markets. However, a key
factor during that period could be the impact
from Black Wednesday on 16th September 1992
and the effect it had on the European Exchange
Rate Mechanism (ERM).
The high ρ coefficients in Tab. 2 seem to
be indicating the presence of highly persistent
permanent volatility in the equity and FX
markets. On close inspection of Fig. 1, the
reasoning becomes clear, both markets were at
the heart of periods of constant highly volatile
environment as illustrated in the previous paragraph. Market participants are highly reactive
to events such as these. The second factor is
the long-run effects of the introduction of the
Euro and the recent financial and sovereign debt
crises which contributed to the high persistent
of volatility. It would seem that the recent
crises were also a relevant contributory for the
high persistency in the gold market. Conversely,
Fig. 1 also explains the low volatility persistence
in the sovereign debt market as illustrated
by the ρ coefficient of the market in Tab. 3.
In comparison to the other three observed
markets, the sovereign debt market seemed to
be relatively stable until the recent crises with
only a few minor hikes in volatility. A possible
explanation is generally during a period of
economic and financial market upturn like the
early to mid-2000s, market participants are
less reactive and thus market volatility is less
persistent. This leads to another explanation,
during a period of increasing asset prices,
market participants look for high return risky
markets, in simple terms acting irrationally
leading to a bubbled market. The sovereign debt
market is generally regarded as a risk-free low
earning market, especially the German market.
As explained earlier, the short run volatility
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persistent tends to be generally low, a point
in case are the observed β coefficients of all
four markets in Tab. 3. The coefficients seem to
be hinting at very low volatility persistency in
all four markets with coefficients of not greater
than 0.708.
As implied by Engle and Lee (1999), theory
dictates over a long-time horizon market shocks
tend to decay in ferocity. Thus, meaning that
in the long run the effect of any event inducing
high market shocks on prices become less
relevant. This is observed in the equity, gold
and FX markets as illustrated by Tab. 3 with
the φ coefficients pointing to a lower market
shock in the long run. In effect the φ coefficients
are under 0.1 for all three markets hinting
at a low sensitivity to market shocks. As
Fig. 1 illustrates, all three markets suffered a
significant hike in price volatility during the
recent crises period plus the Brexit vote and
the � coefficients, greater than 0.2, seem to be
reflecting this hike. Mainly due to the timing
and severity of a combination of events (i.e.
the recent Eurozone sovereign debt crises and
Brexit vote) and the German sovereign debt
market status as the safe haven and liquid
market in the Eurozone, the long run effect of
the shocks in the sovereign debt market did not
decay away given the time horizon as illustrated
by the φ coefficient at 0.186334. In the short
run, the high � coefficient of 0.312428 is a sign
of the market during the crises period.
A key observation made in Fakhry and
Richter (2016a, 2016b) is that the asymmetrical
effect has an impact on the efficiency of the
market. As illustrated by Tab. 3, we observed
a low γ coefficient for all four markets with
absolute value of no greater than 0.09 observed
in the gold market. This does mean that there
is a limited asymmetrical effect in each of the
markets. The equity and gold markets display a
negative γ coefficient which means that negative
shocks to the market have greater impact than
positives shocks in the short run. As hinted by
Black (1976), a key observation often made in
the equity market is the negative correlation
between returns and volatility. The limited
leverage effect is a hint of this observation.
The key word in there being limited, for an
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Tab. 3: Statistics for Variance Bound Test using Asymmetrical C-GARCH model

Equations:
(6)
mt = ω + ρp mt−1 + φq (kt−1 − ht−1 )
(9)
(ht − mt ) = σ 2∑
+ (αp kt−1 − mt−1 ) + (βq ht−1 − mt−1 ) + γ(kt−1 − mt−1 )I
coefficients − 1
(10, 11)
EMH Test =
std. dev. (var(Price))
Market

Equity

Foreign Exchange

Sovereign Debt

Gold

a

0.071782*
(0.002136)

0.009607*
(0.000192)

0.020584*
(0.000678)

0.005543*
(8.41E-06)

b

0.716483*
(0.006919)

0.736035*
(0.003483)

0.691017*
(0.006640)

0.719573*
(0.001878)

µ

0.507201*
(0.013024)

0.306194*
(0.006653)

0.377432*
(0.015129)

0.375839*
(0.000891)

7.480590*
(0.384085)

0.029847
(0.033685)

0.026859
(0.003366)

−2.37E-05
(2.16E-06)

ρ

0.999998*
(6.43E-08)

0.998977*
(0.001167)

0.847473*
(0.023697)

0.987450*
(9.24E-04)

φ

0.039161*
(0.000976)

0.087957*
(0.022952)

0.186334*
(0.022307)

0.008243*
(0.002056)

α

0.213435*
(0.003626)

0.359580*
(0.019467)

0.312428*
(0.017036)

0.453493*
(0.020139)

γ

−0.019528*
(0.005517)

0.062521*
(0.007920)

0.012089*
(0.001591)

−0.092895*
(0.015680)

β

0.707345*
(0.005470)

0.577842*
(0.025604)

0.675722*
(0.017817)

0.646091*
(0.008971)

Mean Equation

Volatility Equation
ω
Long-run Price Volatility

Short-run Price Volatility

Model Statistics
Log Likelihood

1,374.877

20,161.730

7,075.928

28,617.290

R2

0.719687

0.712889

0.725742

0.751854

DW-Statistics

2.156971

1.625504

1.575250

1.686794

ARCH Effects
Jarque-Bera
σ2

0.339560

0.028096

0.018395

0.526407

434,325.400

22,946,634.000

491,035.900

3,280,997.000

1.193893

0.166384

0.317139

0.233287

0.032799

0.522490

0.106600

0.018462

Accept

Accept

Accept

Accept

0.082711

0.000343

0.000754

0.028673

Accept

Accept

Accept

Accept

Efficiency Tests
Long-run Efficiency
EMH Statistics
Efficiency
Short-run Efficiency
EMH Statistics
Efficiency

Notes: The numbers in brackets are standard errors, *** indicated 10% significance level, ** is 5% and * is 1%.
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explanation we need to look at the observed
German equity and gold markets. It is highly
possible that during the period before the onslaught of the recent global financial crises, both
markets experienced one type of asymmetrical
effect. However, the onslaught of the recent
global financial crises changed the asymmetric
effect. The positive and negative effects may
have counter-balanced each other, hence leading
to the near zero impact. Conversely, due to the
timing and ferocity of the negative impact on
the markets during the recent global financial
crises, there is a limited leverage effect. The two
remaining markets point to a limited positive
asymmetrical effect hinting at positive shocks to
the market having a greater impact than negative shocks in the short run. An explanation
for the observations of positive asymmetrical
effects could be found in a combination of the
global status of both markets and the recent
global financial environment. This added to the
reversed of the combination effect underpinning
the explanation of the observed limited leverage
effect in the equity and gold markets means
that the FX and sovereign debt markets exhibit
slight positive asymmetrical effects.
A key measure of risk factors in the market
is the standard deviation, essentially defined as
the dispersion of the observed market prices
around the expected market price. The standard deviation statistics from Tab. 3 seem to be
hinting at a large dispersion from the expected
price variance in the equity market with a σ 2 of
approximately 1.194. A clue is in Fig. 1, both
the long and short run volatilities hint at a
large hike in the equity market during the recent
financial crises which gives the impression of
a large dispersion in the equity market. The
FX market has a low standard deviation of
approximately 0.166, this is to be expected since

6

the euro did not deviate from the expected
value by much. Even during the Eurozone
crises, the movement against the benchmark
currencies was not that great in both the
long and short runs, as hinted by Fig. 1. The
sovereign debt market suffered from spikes in
the volatility during the Eurozone crises which
is indicated by the low standard deviation of
0.317 and the level of volatility in Fig. 1. It
must be noted that the German sovereign debt
market is regarded as the risk-free benchmark
market in the Eurozone, so the movement in
the market was mainly due to runs in the
Eurozone markets leading to upward pressures
on the German sovereign debt market. And
as the age old saying by Isaac Newton goes:
“what goes up must come down” eventually,
hence the normalisation of the sovereign debt
market towards the fundamental long run value
may have also been a factor in the moderate
standard deviation. The same could be said
about the gold market, remember the gold
market is the global safe haven market. In
essence, the gold market, similar to many other
commodity markets, suffered a bubble reaction
during the global financial crises. However, the
low dispersion is a sign that the impact of the
global financial crises did not impact the overall
observation.
Essentially, our variance bound test is saying
that for a market to be efficient it must
be efficient in the short and long runs. As
illustrated by Tab. 3, the significant of the
variance bound test is the results seem to
be hinting at the acceptance of the EMH in
all the observed markets in both the short
and long runs. The statistics are damming for
behavioural finance with EMH statistics not
greater than 0.6, it must be remembered that
these are well within the bound of 1.96.

CONCLUSION

In this paper, we extended the work done by
Fakhry and Richter in recent years to analyse
the efficiency of the German financial market
in the short and long runs. We differed from
previous work by Fakhry and Richter in using a

five-day variance calculation and the key indices
of the German market. We used a Component
GARCH including a threshold to obtain the
short and long runs’ volatility and coefficients
for our EMH tests.
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Our results show that the German financial
market is efficient in both the short and long
runs. The results seem to be a damming
rejection of the behavioural finance theory and
an endorsement of the court ruling. However,
as is the case with any test there are a number
of factors to account for. The first and foremost
is the observational period in all the market,
if the period was based around the financial
and sovereign debt crises then the results may
have been different. The second is the volatility
model, i.e. Component GARCH, underpinning
our volatility tests could be a key factor in the
acceptance of the EMH. It would be interesting
to see if the German financial market was
efficient around the crises period of the late
2000s to early 2010s. Given that the results
of Fakhry and Richter (2015, 2016a, 2016b)
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did found that the German market is generally
inefficient during the crisis period.
Our main contribution, the methodology,
is relevant in analysing the long and short
run efficiency of the market and therefore
making the optimal investment decision be it
in an asset or as part of a portfolio. The
results of our empirical study are important for
researchers in the fields of applied finance and
portfolio management. Additionally, the paper
can be useful for portfolio managers and market
participants in making investment decisions or
portfolio optimisation.
In concluding, the results seem to suggest
that the court case was right to endorse the
EMH. However, we urge caution on rejecting
the behavioural finance theory due to past
empirical evidence suggesting that the German
market is not always efficient.
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