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Abstract
The devastating Japan earthquake (magnitude 9.0) and tsunami (39-metre high) of 2011, also 
called the Great Tohoku or Sendai earthquake, was a record-breaker natural disaster causing 
enormous damage and a nuclear meltdown at Fukushima nuclear power plant. This paper at-
tempts to analyse the long and short run effects of this record-breaking natural disaster on the 
Japanese equity, debt and FX markets as well as Gold as one of the most popular metals and 
investment options, using daily data. A variance bound test proposed by Fakhry & Richter (2018) 
underpinned by the C-GARCH-t model of volatility is adopted. The results seem to indicate that 
the natural disaster influenced the efficiency of the market in the immediate terms more than the 
long term. In a global financial market where the key is competitiveness, it is essential to analyse 
the efficiency and therefore stability of the Japanese financial market. Therefore, analysing the 
impact of the natural disaster on the competitiveness of the Japanese financial market.

Keywords: Financial Markets, Natural Disasters, Japan, EMH, Volatility tests  
JEL Classification: C12, C58, D81, G14, G15, Q54

1. IntroductIon 
The question of what moves markets have been debated for ages (Mentel et al., 2016; Zemlick-
iene et al. 2017; Michailova et al., 2017; Masood et al., 2017; Peker et al. 2017; Ahmed et al. 2018; 
Abbas, 2018; Jankelová et al., 2018; Fernández et al., 2018; Veselovsky et al., 2018). The main 
issue is that the movement in the markets is a result of the pricing of information, the efficient 
market hypothesis advocated by Malkiel (1962) and Fama (1965), or the reaction of the market 
participants to the information, behavioural finance theory advocated by Statman (2008) and 
Subrahmanyam (2007) amongst others. Conversely, the key to understanding financial market 
fluctuations in any event lay in the reactions of the market participants and not the events them-
selves as hinted by Bernard Baruch (Lee et al., 2002). With this in mind, we analyse the impact 
from the Tohoku earthquake on the long and short run volatility and efficiency of the Japanese 
financial market.   

On 11 March 2011, the Tohoku earthquake hit Japan’s north-eastern coast, the following over-
whelming tsunami and near catastrophic nuclear power station disaster devastated Japan.  The 
Japanese financial market is regarded as the second largest globally behind the US. Its equity 
market was estimated to be worth $4.995trillion at the end of 2016 according to statistics from 
the World Bank, making it the second largest market to the US. The sovereign debt market was 
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worth $8.93 trillion at the end of 2016 according to the Federal Reserve Bank of St. Louis, sec-
ond only to the US market. The average total daily turnover on the yen-based FX market was 
estimated to be $1.096trillion in April 2016 according to the Bank for International Settlements, 
with the introduction of the Euro in 1999 the Yen based FX market is now the third largest. Ac-
cording to the World Gold Council, Japan has the world’s ninth largest gold reserve with a total 
of 765.2 tons. And although this only represents a mere 2.4% of its total asset reserve, yet it is a 
large capacity of gold reserves. Hence it is important to understand the impact of the earthquake 
on the Japanese financial market in the short and long run.

In this paper, we take a new look at the issue through the movement in the Japanese financial 
market with respect to the Tohoku earthquake. Since as hinted by Engle & Lee (1999), De Bondt 
(2000) and Pastor & Stambaugh (2012); conventional wisdom dictates, there is a difference be-
tween short and long runs. Essentially, the reaction of market participants tends to deviate with 
time. Hence, we use the variance bound test proposed by Fakhry & Richter (2018) using the 
Asymmetrical Component GARCH model to analyse the impact from the earthquake on the 
long and short run volatility and efficiency of the Japanese financial markets. 

There were previous papers and research on the impact of the earthquake on the financial mar-
ket (Asongu, 2012; Luo, 2012; Ferreira & Karali, 2015). The majority of those are restricted to 
the equity market. We use the four major financial asset markets in Japan: Equity, FX, Gold 
and Sovereign Debt. We also analyse the efficiency and volatility over three different obser-
vations, the immediate period after (11/03/2011-31/12/2012) the earthquake. The other two 
observations are extended to include the whole picture before (the observed dataset starts on 
31/12/1997, however, due to circumstances we could not get the full data for the sovereign 
debt market which starts on 31/03/2004.  The end date is the same for all 10/03/2011.) and 
after (11/03/2011-31/12/2016) the earthquake. As far as we know, the asymmetrical C-GARCH 
model has not been used to analyse the long and short run effect of any natural disaster on the 
financial markets.

In general, the findings, with a few exceptions, seem to be accepting the consensus that the 
earthquake did not have a changing impact on the financial market. The statistics show that the 
Japanese financial market in general is inefficient. The conclusion is that in general the Japanese 
financial market is reactive rather than efficient meaning that the reaction of the market partici-
pants moves the price more than the information.  

This paper is structured as follows. Section 2 briefly and critically reviews the previous studies 
and statistics about the impact of the Tohoku earthquake over the economy and more impor-
tantly on the financial markets. Section 3 presents the methodology. Section 4 presents the data 
while Section 5 discusses empirical results. Finally, Section 6 concludes. 

2. theoretIcal bacKground 
This brief review is a combination of key sections: a review of the literature on the impact of 
earthquakes on the economy and more importantly the financial markets. The second is a review 
on the statistical impact of the Tohoku earthquake on the Japanese financial market. 
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There have been many papers written about the Tohoku earthquake and the following tsunami 
(Clemente, 2011; Lay & Kanamori, 2011; Mimura et al. 2011; Mori et al. 2011l; Sato et al. 2011).  
Here is a summary of the earthquake and ensuing tsunami. According to Mori et al. (2011), at 
14:46 JST on 11th March 2011, a large earthquake hit the north-east Japan just offshore from 
Tohoku. Measuring at 9.0 on the Richter scale, the earthquake was powerful but what made it 
worst is that it was a megathrust category earthquake which raptured along 450km by 250 km 
according to Mori et al. (2011). The problem is that a megathrust earthquake in general generate 
large displacement of land; according to Sato et al. (2011) the Tohoku earthquake shifted the 
coast of Japan up to 5m eastwards lifting the seabed by 5m. The displacement was as large as 60 
to 80m nearer the subduction, the largest ever displacement by an earthquake as stated by Lay & 
Kanamori (2011).  Thus, generating an energy level of 100 megatons and resulting in quicken-
ing the earth rotation on its axis (Lay & Kanamori, 2011; Clemente, 2011). According to Mori 
et al. (2011) and Mimura et al. (2011), the resulting tsunami reached heights of at least 39m and 
inundated over 400km2 of land causing 15,641 fatalities with a further 5,007 missing as of 27th 
July 2011. The sad truth is that there was a defensive wall along the coast which should have been 
enough to protect much of the coastal land from the tsunami, however, due to the land displace-
ment the wall sunk by approximately 1 metre. This had the add-on effect of endangering the 
Fukushima nuclear power station and causing the worst nuclear energy crisis since Chernobyl in 
1986, according to Asongu (2012). 

According to Ferreira & Karali (2015), the damage from the Tohoku earthquake was estimated 
at $211billions.  The statistics obtained from the Federal Reserve Bank of St. Louis point to 
the Japanese economy sinking by approximately 15trillion yens or 3% of GDP during the two 
quarters between quarter 4 2010 and quarter 2 2011. The same period saw an increase in debt 
of approximately 53.8 trillion yens and a decrease in consumption of approximately 2.6 trillion 
yens. The production index fell from 100.6 to 93. These statistics illustrates the damage to the 
economy in the aftermath of the Tohoku earthquake. 

Recent empirical evidence concerning the impact of natural disasters on financial markets is 
mainly in the equity market and paints a mixed picture. Worthington & Valadkhani (2004) 
found that a market participant in the Australian equity market reacted differently to different 
types of natural disasters. Barton (2005) found market participants in US equity markets reacted 
positively in the aftermath of several major hurricanes attacks in the US. Worthington (2008) 
found that natural disasters have no significant impact on the returns in the Australian equity 
market. Wang (2011) found that Japanese natural disasters do have an indirect impact on the 
volatility of stock markets’ returns in the US and Japan.  However, Maierhofer (2011) found that 
market participants’ reactions on stock markets in the immediate aftermath of the five worst 
natural disasters exhibited signs of panic selling. Parker & Steenkamp (2012) found that the 
Christchurch earthquakes of 2010 and 2011 had little impact on the financial institutions in New 
Zealand. 

Ferreira & Karali (2015) found little impact in general from earthquakes on international finan-
cial markets suggesting they are resilient to these natural disasters. However, Ferreira & Karali 
(2015) did find some impact on the Japanese financial market suggesting the volatility of the 
stock market does increase. And as evidenced by Luo (2012), in the immediate aftermath of the 
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Tohoku earthquake, the Nikkei closed down 6.18%. The major global stock markets all closed 
down with the US market closing approximately 6% down, the UK market down 1%, the Ger-
man market down 1.3% and Hong Kong down 1.6%. Thus hinting at market participants react-
ing to the earthquake. In Asongu (2012), there were mixed results in the transmission of volatil-
ity in the global FX and equity markets after the Tohoku earthquake. This has two significant 
factors: the first is that markets react to natural disasters differently depending on their status 
and sovereign economic relationship. However, the key factor raised by Asongu (2012) is that 
transmission in volatility on the global financial market is not limited to financial or economic 
crises. Natural disasters can and often do transmits volatility in the global financial market for 
certain periods. 

3. research objectIve and methodology
The main aim of this paper is to analyse the impact of the Tohoku earthquake on the efficiency 
of the markets in the long and short runs. We use the variance bound test proposed by Fakhry 
& Richter (2018) using an asymmetrical C-GARCH, proposed by Engle & Lee (1999). We use 
the 5% critical value F-statistics to test the efficient market hypothesis. We also follow the pre-
requisite steps advocated by Shiller (1979, 1981).

As with Shiller (1981a), we calculate the datasets in our test as a time varying lagged variance 
of the price using equation 1 and a 5-lagged system.

       (1)

The residuals are estimated using a first order autoregressive model as illustrated by equation 
2 and 3.

 var(Pricet ) = a+b1 var(Pricet-1 )+μt    (2)

 μt =τμt-1 + εt    (3)

The GARCH model as intended by Bollerslev (1986) is equation 4

 ht = ω + αp kt-1 +βq ht-1     (4)

As suggested by Engle & Lee (1999), equation 4 may be rewritten as equation 5 where the dynam-
ics of the structure of conditional variance can be illustrated.

 ht = σ2 + (αp kt-1 - σ2 ) + (βq ht-1 - σ2 )  (5)

However, as argued by Engle & Lee (1999), at the heart of this equation is the question of 
whether the long run volatility is unconditional. Surely, a more flexible specification where the 
long run volatility is allowed to evolve slowly autoregressively is a more realistic model of volatil-
ity, given the empirical evidence on volatility as argued by Engle & Lee (1999). A more flexible 
model would be equation 6 where σ2 is represented by m_t, a time varying long run model of 
volatility.

 mt = ω + ρmt-1 + φ(kt-1 - ht-1)   (6)

 (ht - mt )= σ2 + (αp kt-1 - mt-1) + (βq ht-1 - mt-1 ) (7)
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Hence, equation 6 is s stochastic representative on of the long run volatility, also known as the 
trend in volatility, and equation 7 is the difference between the conditional volatility and trend, 
i.e. the long run volatility. Essentially, equation 7 is the short run or transitory volatility. 

We use a single asymmetrical order one lagged C-GARCH model in our tests using a TARCH 
as proposed by Zakoian (1994) given by equation 8. Combining equation 7 and 8 and subtract-
ing  m_t from the asymmetrical factor, we get  equation 9. A key factor is that the asymmetrical 
effect is only added to the short run component of the C-GARCH model. This is mainly due to 
the short life of the asymmetrical effect. 

        (8)

         (9)

The key is the γ coefficient in equation 9 where positive then it is regarded as an asymmetrical 
effect; whereas a negative γ > 0 hints at a leverage effect meaning negative shocks have a greater 
impact than positive shocks.

We use Engle & Patton (2001) definitions to analyse the coefficients of the volatility model. As 
with Fakhry & Richter 2018, we analyse both the long and short run coefficients of the Compo-
nent-GARCH model. 

We calculate our test statistics using equation 10 and 11 as the short run and long run tests of 
efficiency respectively. We set the F-statistics to 1,96.

        (10)

        (11)

By definition the market is efficient when the conditions as set in equations 10 and 11 are true. 
Hence, we reject the null hypothesis for the EMH if the condition in equations are true but ac-
cept the null hypothesis of the market being too volatile to be efficient for anything else.

4. data descrIPtIon 
We use four major Japanese financial markets, as illustrated in Table 1 to analyse the impact of 
the 2011 Tohoku earthquake and tsunami on the efficiency of the financial markets. As with the 
norm, we choose to use a five-day week filling in the missing data with the last known price.

Tab. 1 – Major Japanese Financial Markets Indices 

Market Equity Gold Foreign Exchange Sovereign Debt

Index Nikkei 225
Effective 
Exchange Rate 
index, Yen

Japan All Maturities In-
dex (Inflation-Linked)
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Source investing.com
World Gold 
Council

Bank of England
Barclays Risk Analytics 
& Index Solutions Ltd *

Period 31/12/1997 – 31/12.2016
31/03/2004 – 
31/12/2016

Observations 4958 3,328
* As of 24th August 2016, the product is known as Bloomberg Government bonds

The four indices are based on various weighted ratios of the component price: 

Nikkei 225 consist of 225 of the largest listed companies on the Japanese equity market each 
weighted by a given ratio.

Yen Currency Index (See the following Bank of England website for information: http://
www.bankofengland.co.uk/statistics/pages/iadb/notesiadb/Effective_exc.aspx) consists of 
five major currencies with a weighted ratio: US Dollar, British Sterling, Euro, Swiss Franc 
and Swedish Krona. 

Japanese All Maturities Government Inflation-Linked Index consists of all the government 
bonds maturities weighted by a ratio.  

Gold market index is the price of gold weighted by the 3-year GDP in US $.

A key issue with our variance bound test was the standard deviation of the gold, Nikkei 225 
and Yen FX indices which caused a problem with the EMH test statistics. The solution was to 
divide the daily index price by 100 for the equity and 10 for the gold and FX before calculating 
the five-day variance.

5. results and dIscussIon
As hinted earlier, the keys to the EMH test statistics are the coefficients to the variance equa-
tion of the volatility model and standard deviation of the observed dataset. Hence in essence the 
model of volatility estimated determines the statistics. Unlike previous studies, we use the asym-
metrical C-GARCH model in this paper to analyse the effect of long and short runs on EMH. 

We used the Marquandt estimation method for all estimations. However, we used the best error 
distribution model in our estimations as illustrated in Tab. 2. For all other options, we used the 
default settings. Crucially, our system is running E-views 9.5 on a Windows 10 Pro computer 
with a 10 cores CPU and 32 Gigabytes RAM.

Key behavioural theories dictate that market participants react with greater intensity to news in 
the short run as hinted by Engle & Lee (1999). However, as illustrated in Table 2, the evidence 
seems to be hinting at a mixed reactive behaviour with only five short run observations out of 
twelve holding the theory. This would suggest the Japanese market is highly reactive both in the 
long and short runs. An interesting finding is in nine of the observations the Japanese market 
hints at a negative asymmetrical effect, a key observation in the market pointing towards nega-
tive movements having greater influence than positive movement of similar magnitude on the 
volatility as stated by Black (1976).
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5.1. The Pre-Earthquake Period 
The mixed picture in the Japanese financial market during the pre-earthquake period could 
be explained by looking at the observed period. During the early parts of the observed period, 
Japan was dealing with the aftermath of a financial crisis and economic stagnation from the mid 
to late-1990s, (Nakaso, 2001; Hoshi & Kashyap, 2004; Harari, 2013). Towards the end of this 
observed period, the onslaught of the global financial crisis and the following economics reces-
sion came and Japan was not immune from this global crisis. These two periods of uncertainty 
may have affected our estimation models. Although as Kawai & Takagi (2009) hints, the global 
financial crisis did not directly impact the Japanese financial market; yet as hinted by Kawai & 
Takagi (2009) due mainly to the intertwined nature of the global financial system and a strong 
dependency on exporting, both the global financial crisis and recession did have a strong impact 
on the Japanese economy and hence market participants. So, in essence this observational period 
was marked by the reactions of the Japanese market participants during the aftermath of the 
Japanese financial crisis and onslaught of the global financial crisis at each end of the observed 
period.

The ρ coefficient in Tab. 2 hints at the pre-earthquake period with the exception of the equity 
market, the remaining three markets hint at high persistent in the long run. The equity market 
seems to be pointing at low persistent in the aftermath of a shock. Except for the FX market, 
the high ϕ coefficient seems to be suggesting a highly reactive financial market in the long run. 
The low ϕ coefficient of the FX market bucks the trend in the Japanese financial market. So, in 
truth both the market shock and persistent coefficients in the long run do paint a mixed picture 
during the pre-earthquake period.

The short-run observation points to a mixed persistency picture with both the SD and FX mar-
kets displaying the insignificantly low β coefficient. The equity market points to a low level of 
persistent in the aftermath of a shock to the market, while the gold market has a high persistency 
in the aftermath of a shock. Conversely, the α coefficient dictates that both the FX and equity 
markets were very reactive, in fact the FX market experienced a significantly high market shock 
coefficient. While the gold market had a low market shock reaction.  However, the SD market 
experienced near zero market shock reactivity. The γ coefficient illustrates a more solid picture; 
with the exception of the SD market, the Japanese financial market was demonstrating a negative 
asymmetrical effect. The SD market illustrates a positive asymmetrical effect. 

Interestingly, according to Tab. 2, this mixture of results in the volatility points to a two-way 
split with respect to the efficiency of the Japanese market during the pre-earthquake period. The 
SD, Gold and Equity markets are efficient in the long and short runs. However, the FX market 
seems to be accepting the null hypothesis of the market being too volatile to be efficient in both 
the long and short runs.

To understand the different efficiency status and thus reactions, we need to remember as noted 
earlier this period was sandwiched between two financial crises and deep economic downturns. 
The reactions of the Japanese market participants to both financial crises made the financial 
market very unstable and volatile, however, the statistics hints at the SD, Gold and Equity mar-
kets accepting the EMH. It must be remembered that as pointed by Kawai & Takagi (2009), 
for a long period in the mid-2000s, the Japanese financial market was steadily growing, and the 
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economy was stabilizing. As hinted by Fakhry (2016), a possible explanation could be find in the 
overreaction/underreaction stability status where an observed market exhibiting both high and 
low volatile periods during an observational period could give the appearance of an efficient 
market. Therefore, the SD, Gold and Equity markets acceptance of the efficient market hy-
pothesis during the pre-earthquake observation could be due to the overreaction during certain 
periods being cancelled out by the underreaction during other periods of the observation. 

It must be noted that the yen is regarded by many as a safe haven, this is the key to understanding 
the results in the FX market. As hinted by Fakhry & Richter (2016), this has the effect of shifting 
the market efficiency usually to an inefficient status. This is true especially during a crisis like 
the global financial crisis where due to the difficulties in the US and Europe, as dictated by the 
behavioural finance theory, many saw the yen as a safe haven. This leads to demand outstripping 
supply and hence the equilibrium price is constantly shifting. Therefore, the market cannot be 
efficient.

5.2. Post-Earthquake Period
The observed period in the aftermath of the Tohoku earthquake and the following tsunami saw 
a number of events highlighting the behaviour of the Japanese financial market participants. 
And while each event on its own is enough to change the trend in the behaviour of market 
participants, yet the damage to the Japanese economy served up by the earthquake and the 
following tsunami must have heightened the impact of these events. Of course, the on-going 
sovereign debt crisis and economic downturn in the Eurozone and US played a major role. Since 
the Japanese financial market is often seen as a safe haven against the Eurozone and US markets, 
it is believed this may have slightly affected our estimation results. However, the real impact on 
our estimation results may have come from the heightening in tensions with the Chinese over 
the Senkaku Islands and the North Korean nuclear threat. The rise of China as a global and 
economic power meant that China is able to claim its rights on the islands. This led to increase 
tensions between the two powers of eastern Asia. The problem is that this leads to uncertainty in 
the financial markets. So, every time there is a flashpoint in the relationship between China and 
Japan, the market participants react. The second issue is the nuclear threat from North Korea. 
This was probably caused by the instability and isolation of the North Korean regime. These two 
act as a counter behaviour to the safe haven prospects of the Japanese financial market. When 
added to the impact of the Tohoku earthquake on the Japanese economy, the results produced an 
increasingly uncertain financial market.  

The high ρ coefficient in the long run in Table 2 throughout the Japanese financial market is a 
sign of long-lived issues. The significantly high persistent of the SD market in the long run illus-
trates the underlying issues concerning the size of the sovereign debt of Japan. The key point to 
understand here is that the ϕ coefficient of the SD market in the long run is relatively low hinting 
at low market participants’ reaction to market shocks. Conversely, in contrast to the SD market, 
the ϕ coefficient of the FX, Gold and equity markets seem to be suggesting a high reaction to 
market shocks by market participants.
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Tab. 2a – Statistics for Asymmetrical C-GARCH model
Pe

rio
d Pre-earthquake 

31/12/1997-10/03/2011 Post-earthquake 11/03/2011-31/12/2016 Immediate post-earthquake 
11/03/2011--31/12/2012

M
ar

ke
t 

SD* FX Equity Gold SD FX Equity Gold SD FX Equity Gold

D
is

tr
ib

ut
io

n

Student t Normal Normal Normal GED Student t GED Normal Student t Normal GED Student t

Mean

a 2.26E-02 1.47E-03 6.67E-03 1.22E-02 4.48E-03 1.75E-03 9.95E-03 3.07E-02 1.79E-03 2.46E-03 2.76E-03 5.25E-02

(1.85E-04) (1.11E-05) (5.80E-05) (1.29E-04) (7.11E-06) (1.29E-05) (3.70E-05) (2.01E-04) (2.04E-05) (5.41E-05) (5.53E-05) (1.02E-03)

b 0.91513 0.91263 0.86178 0.88970 0.89737 0.84657 0.79788 0.90699 0.886492 0.805181 0.875935 0.81937

(2.23E-03) (3.19E-04) (6.93E-04) (1.06E-03) (1.42E-03) (2.26E-03) (1.95E-03) (8.90E-04) (3.31E-03) (1.56E-03) (4.65E-03) (4.42E-03)

µ 1.00429 1.04534 1.01905 1.03104 1.08476 1.01687 1.00054 1.08664 1.035004 1.042105 1.018909 1.01549

(2.62E-03) (1.36E-04) (3.11E-04) (7.39E-04) (1.27E-03) (2.57E-03) (5.45E-04) (4.90E-04) (3.24E-03) (2.05E-03) (4.51E-03) (4.78E-03)

Variance 

ω 2.371E-03 1.010E-05 2.280E-04 8.370E-05 2.180E-05 3.140E-04 1.000E-04 6.495E-03 1.19E-02 6.63E-06 4.48E-06 1.689E-03

(1.99E-02) (5.41E-06) (1.54E-05) (3.83E-06) (3.76E-05) (1.53E-03) (2.40E-04) (1.13E-03) (1.15E-02) (3.46E-06) (1.48E-06) (2.21E-03)

Long-run 

ρ 0.99219 0.99821 0.84704 0.95786 1.00021 0.99994 0.99379 0.91678 0.999996 0.926033 0.749443 0.96477

(6.53E-02) (8.22E-04) (1.31E-02) (1.99E-03) (3.95E-04) (2.93E-04) (1.50E-02) (1.14E-02) (4.16E-06) (4.23E-02) (9.26E-02) (4.05E-02)

ϕ 0.70314 0.06073 0.24332 0.17088 0.01231 0.34471 0.36434 0.27334 0.725489 0.669309 0.025909 0.21847

(8.61E-02) (1.36E-02) (1.08E-02) (5.40E-03) (8.74E-03) (2.43E-02) (4.30E-02) (1.67E-02) (3.85E-02) (5.15E-02) (1.09E-01) (8.81E-02)

Short-run 

α 0.00479 0.84766 0.30551 0.06395 0.76808 0.27616 0.14518 0.26419 0.059710 0.042250 0.693534 0.43923

(2.44E-02) (5.89E-03) (3.78E-03) (4.04E-03) (1.64E-02) (3.06E-02) (2.74E-02) (1.23E-03) (2.55E-02) (2.23E-02) (1.46E-01) (8.89E-02)

γ 0.07657 -0.06539 -0.01786 -0.09496 -0.03854 -0.15696 -0.10888 -0.02364 -0.161387 -0.253898 -0.46600

(3.58E-02) (7.31E-03) (1.36E-03) (5.17E-03) (1.53E-02) (2.54E-02) (2.57E-02) (4.69E-03) (4.13E-02) (1.24E-01) (1.09E-01)

β 0.01659 0.08686 0.69530 0.94499 0.22564 0.72050 0.81075 0.73849 0.764372 0.188431 0.066618 0.45440

(2.08E-01) (1.23E-02) (4.03E-03) (4.01E-03) (1.76E-02) (3.29E-02) (2.96E-02) (5.80E-04) (8.12E-02) (2.10E-01) (1.05E-01) (1.34E-01)

* as stated above the SD market starts on 31/03/2004

Tab. 2b – Model & Efficiency Statistics

Period Pre-earthquake 31/12/1997-10/03/2011 Post-earthquake 11/03/2011-31/12/2016 Immediate post-earthquake  
11/03/2011--31/12/2012

Market SD* FX Equity Gold SD FX Equity Gold SD FX Equity Gold

Distribution Student t Normal Normal Normal GED Student t GED Normal Normal Normal GED Student t

Model Statistics

Log Likeli-
hood 5481.58 11927.59 17324.28 13384.73 7035.21 3126.35 8296.20 6188.23 2567.06 1024.25 2412.41 2367.83

R2 0.97375 0.96465 0.97206 0.96844 0.96206 0.96898 0.976416 0.96290 0.967524 0.975243 0.967972 0.973087

DW-Statistics 1.17338 1.17330 1.32401 1.23932 1.32937 1.33019 1.598708 1.25387 1.319636 1.624259 1.215740 1.472661

ARCH effect 0.27556 0.08292 0.48004 23.79750 0.09492 0.266881 0.001440 0.00020 0.388106 0.194276 0.009925 0.164884

Jarque-Bera 11850.00 107753.90 18235.74 30252.50 7272.04 43526.78 6.15E+07 2102.99 1730.49 690.05 574.32 5026.56

σ2 0.543742 0.022040 0.054824 0.160836 0.073001 0.014122 0.080047 0.478577 0.017851 0.012019 0.046360 0.339255

EMH Test

Long-run 
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EMH 
Statistic 1.27878 2.67432 1.64809 0.80042 0.17155 24.40540 4.47396 0.39725 33.35062 18.69107 4.84573 0.54012

Efficiency Accept Reject Accept Accept Accept Reject Reject Accept Reject Reject Reject Accept

Short-run 

EMH 
Statistic 1.65898 5.93789 0.31112 0.53488 0.61413 11.35094 1.91081 0.04380 52.13747 41.08046 10.65026 1.68717

Efficiency Accept Reject Accept Accept Accept Reject Accept Accept Reject Reject Reject Accept

* as stated above the SD market starts on 31/03/2004

In the short run, the β coefficients all point to a low market persistent contrasting with the long 
run. However, the SD market once again seem to be displaying an interesting β coefficient with 
a significantly low statistic. Thus, hinting at a very low volatility persistent in the aftermath of 
a shock to the SD market. The contrastingly high α coefficients for the shocks to the market in 
all four markets would suggest highly reactive market participants to shocks in the market. The 
standout market is once again the SD market with a very high market shock coefficient.  The γ 
coefficient is hinting at the Japanese market being dominated by leverage effects. However, like 
all observed coefficients in this period, the SD market is significant in that it is hinting at a close 
to zero asymmetrical effect. The significant of that is not that it is approaching zero but rather 
that it highlights the different impact on the SD market in the short run in comparison with the 
other markets when considered with the other coefficients. 

Not surprisingly given the indications of volatile markets, Table 2 hints at a very mixed picture 
with respect to the efficiency of the Japanese financial market in the aftermath of the Tohoku 
earthquake. The SD and Gold markets again hint at an acceptance of the efficient market hy-
pothesis, whereas the FX market points to an unchanged acceptance of the null hypothesis 
of the market being too volatile to be efficient. The “cat amongst the pigeons” is the equity 
market where there is a split with the long run accepting whereas the short run is rejecting the 
null hypothesis of the market being too volatile to be efficient. This raises an issue in that it is 
assumed that the financial market is efficient in the long run and inefficient in the short run. 
As suggested by De Bondt (2000), the price tends to deviate from the fundamental value in the 
short run and revert to the fundamental value in the long run. However, what we are observing 
here is the opposite.  

It is worth noting as highlighted earlier, this period of observation saw a number of external fac-
tors playing a major role in the behaviour of market participants in the Japanese financial market. 
As hinted earlier, these factors on their own would have induced a high amount of uncertainty. 
However, we think that the earthquake increased the uncertainty and as hinted by standard risk 
aversion (Kimball, 1993; Diamond & Stiglitz, 1974), the market participants became increasingly 
risk averse. At the same time, the FX, sovereign debt and especially the Gold markets were ex-
periencing a flight from the US and Eurozone to the safe part of the Japanese markets. And as 
hinted earlier, in a market where the reactions cancel each other out, the stability status means 
the market could give the appearance of an efficient market. The issue is that the sovereign debt 
and Gold markets accepted this argument, whereas the FX market rejected it. This may be be-
cause the pull of one factor was overwhelming i.e. the reaction of the market participants was 
strong enough to tip the scales.  
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At first sight, the equity market may appear to be strange in that it is going against the theory. 
Remember as hinted by De Bondt (2000), in theory the market should reflect an efficient market 
in the long run and a volatile market in the short run. However, it seems that the equity market 
accepts the stability argument in the short run as highlighted in the previous paragraph. The 
reactions to the external factors by the market participants cancelled each other out, thus given 
the appearance of an efficient market.  Furthermore, it must be noted that the equity market is 
also governed by internal factors such as information on the profitability and an organisational 
structure of the constituent corporations of the index. Since the long run is about the strategic 
planning of the constituent corporations as well as the stability of the Japanese economy and 
state. A possible explanation is that the long-term stability or more accurately instability of the 
Japanese economy and state due to a weakened economy and a strong competition from China, 
when added to the problems in the strategic planning and increasingly vague information of 
Japanese corporations, gave raise to increased uncertainty in the equity market in the long run 
which translated itself to a highly volatile market.

5.3. Immediate Post-Earthquake Period
The results from Table 2 confirm with respect to the immediate post-earthquake period to be 
hinting at a very volatile market. As suggested earlier in the article, the Japanese economy suf-
fered a double hit, not only did the earthquake damage economic output but also after such a 
devastating natural disaster, the cost in re-building the country would likely cost billions, if not 
trillions, and take a long time. In the aftermath of crisis be it a natural disaster or financial melt-
down market participants become increasingly reactive and risk averse as the little information 
which was conflicting and frequently updated. The real issue is that nobody really knows what is 
happening, leading to asymmetrical information. 

In the long run, the Japanese financial market was split with both the SD and FX markets show-
ing signs of being persistent and highly reactive to market shocks with high ρ and ϕ coefficients 
respectively. Surprisingly, the equity market seems to be indicating low ρ and ϕ coefficients il-
lustrating that the market participants were indifferent about the impact on the pricing of the 
constituent organisations in the Nikkei 225 index. In truth, the majority of these corporations 
were not hugely affected in the long run. 

The short run observation also paints a split picture with the SD and FX markets showing signs 
of not being affected. Both have a significantly low α coefficient, thus meaning market partici-
pants were not reactive to the events. And while the equity market does illustrate a high reaction 
to market shocks, yet as with the FX and SD markets, this is not reflected in the β coefficient 
hinting at a significantly low market persistent level. Due to estimation errors, we could not 
estimate the γ coefficient for the SD market. However, the γ coefficient for the FX and equity 
markets highlight a significant leverage effect. 

As suspected, Table 2 shows that the impact from the Tohoku earthquake in the immediate 
aftermath on all three observed markets was to make the Japanese financial market too volatile 
to be efficient. The statistics points to a shift in the SD and Equity markets from accepting the 
EMH to accepting the null hypothesis. However, to a certain extent, the FX market remained 
unchanged. And while this is true, yet the damming fact lays in the EMH statistics the shift be-
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tween the pre-earthquake and immediate aftermath observational periods is tellingly significant. 
This shift in the EMH statistics means that the market had a significant uplift in volatility in the 
immediate aftermath.

A possible explanation could be found in the way market participants generally react when faced 
with such huge systematic risk and a failure of the information system. Under these conditions, 
acknowledged as Knightian uncertainty, market participants becoming increasingly risk averse 
and as markets’ prices go down in the short term, this turns to a loss aversion. As we have 
seen earlier, the standard risk aversion dictates that market participants become increasingly risk 
averse after bearing one loss. The often limited and conflicting information lead to a failure in 
the information system leading to market participants reacting to any information. As we saw 
in the recent financial and sovereign debt crises, when this is combined with Knightian uncer-
tainty; the market becomes increasingly volatile and reactive leading to flights to safety.

6. conclusIon
In this article, we used the C-GARCH-t variant of the variance bound test proposed by Fakhry 
& Richter (2018) to distinguish the long and short run effects of the Tohoku earthquake on the 
efficiency of the Japanese financial market. The results suggest that the impact did shift the 
market in the immediate aftermath of the event. However, in the longer term, other events may 
have played a bigger part in the pricing of market. The results seem to indicate that the Japanese 
financial market could be in parts efficient, however, a partly efficient market is basically an 
inefficient market.

The evidence from the literature and our empirical evidence seems to be pointing at the impact 
from the Tohoku earthquake on the financial market being short lived. Therefore, backing one 
of the key arguments in the behavioural finance theory, as hinted by De Bondt (2000) market 
participants sometimes overreact heavily at the initial stages of an event. Thus, leading to a 
correction during the next period. This highlights that the Japanese financial markets were not 
efficiently pricing the information on the Tohoku earthquake. Like any crisis, in the immediate 
time horizon, market participants tend to act on little and often conflicting information leading 
to asymmetrical information and/or a failure in the information system which is reflected in the 
inefficient pricing of the markets. 

At the heart of the impact of the Tohoku earthquake on the Japanese financial markets lays the 
familiar problem of conflicting/limited information during a crisis or event inducing an extreme 
environment. The key word here being information, the problem is that during any crisis or ex-
treme event and especially a sudden event such as the Tohoku earthquake; information or news 
is extremely unreliable, limited and constantly changing. However, market participants are es-
sentially humans and hence reactive in the immediate aftermath of any event or crisis. The key is 
the information that filters after the immediate aftermath, the official statements and statistics, 
these need to be collated and not conflicting, if the markets are to regain any sort of normality 
and trust in the information.  
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