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Abstract: The core focus of the study is to examine financial states using index effect on stock to stock correlations of
developed, developing and emerging market. The three markets such as S&P 500, KOSPI 200 and DSE are declared as
developed, developing and emerging market respectively. To study the similarity between stock price changes, we calculate the
time series of the daily log return. Closing stock prices of the targeted markets have been used to measure the daily return of
the stocks. To analyze the market mobility, Pearson correlation coefficient, partial correlation, and index effect on stock to
stock correlation techniques have been applied. The study found that the companies of developed and emerging market are
more strongly correlated than those of developing market during big crash. On the other hand, developing market shows less
index effect on stock correlations during crisis. Moreover, insignificant index effect has been found in emerging market during
calm state. No significant effect of DSE index on stock to stock correlations in the period of global financial crisis has been
observed, implying that global financial crisis did not hit to the DSE in this period. Before the market crash, the interactions
between stocks became low enough which corresponds to lower value of average correlation for all types of market. Finally,
the change of correlation and partial correlation can be a good indicator to identify and predict the financial states of all the
markets which will further helps the stakeholders to make proper economic decisions.
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interactions across different financial agents [2, 10, 13, 16-
19]. The Pearson correlation is commonly used to indicate
the level of similarity in the price changes for a given pair of
stocks. But it is not used to measure whether other stocks
influence the relationship between them. This technique has
been introduced for the study of financial data extended and
applied to other systems, such as the immune system and
semantic networks [11-14].

The main goal of the study is to understand the dynamic of

1. Introduction

Financial market is a complex system where different
techniques are used to understand the behavior and dynamics
of financial markets [1]. The extraction of information from
financial time series, correlation technique is persistently
used that is useful for many practical applications such as
portfolio optimization, risk management, and option pricing
[2-7]. The time series describing stock returns, market index

returnsand currency exchange rates have been investigated
using correlation technique [2-15]. Correlation based
networks such as threshold network, minimal spanning tree,
planar maximally filtered graph are also used to investigate

index effect on stock correlations which was investigated for
developed, developing and emerging market of S&P 500,
KOSPI 200 and DSE respectively. A comparison among
three markets helps to identify and predict the market state.
The rest of the paper is organized as follows: Section two
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discusses research methods that contain data collection,
cross-correlation, partial correlation and index effect
methods. Section three presents’ results and discussion where
section five concludes the paper with proposed definition to
understand the market movement.

2. Research Methods
2.1. Data Collection

In this study, we have used closing stock price to analyze
the USA stock market, Korean stock market and Dhaka stock
market. The closing stock price is significant for several
reasons. During working hour of a day, the stock prices of a
company change almost in each second. The closing prices of
stock indices give almost all information of the change of
prices of a day. Investors, traders, financial institutions,
regulators, stakeholders, economists and also the researchers
use it as a reference point to determine performance over a
specific time such as one year, a week and over a shorter time
period such as one minute or less. In fact, investors and other
stakeholders base their decisions on closing stock prices.
Institutional investors monitor a stock's closing price to make
decisions regarding their investment portfolios. The daily
closing prices of 377 indices from the S&P 500 between
2004 and 2012, 165 indices from the KOSPI 200 between
2004 and 2012, and 220 indices from the Dhaka Stock
Exchange (DSE) between 2006 and 2012 were analyzed.
These companies survived in the market during these
periods. The one year time window and subsequently one
month time window were considered.

For S&P 500 and KOSPI 200, data have been collected
from Yahoo finance from 2004 to 2012. In these periods,
both markets have been affected by different kinds of crises
that alter the hierarchy of the financial network. For example,
there were the subprime mortgage crisis in 2007, global
financial crisis in 2008, and European sovereign debt (ESD)
crisis in 2011. For DSE, data have been collected from the
archive of DSE from 2006 to 2012. In these periods, the
market has been affected by severe crises that alter the
hierarchy of the financial network. We have mainly
considered the stock prices before, during and after the
market crash, for this reason time period variation is arisen
among S&P 500, KOSPI 200 and DSE.

2.2. Methodology

2.2.1. Cross Correlation

The similarity between stock price changes is commonly
calculated by the Pearson’s correlation coefficient [20-22].
The raw stock correlations are calculated for time series of
the log of the daily return [21-28] as

ri(¢) = log[P;(8)] — log[P;(t — 1)] M

where, P;(t) is the daily adjusted closing price of stock i at
day t. The raw stock correlations are calculated using the
Pearson’s correlation coefficient C (i, j) between every pair of
stocks iand j [11] is
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where, ( ) denotes average, and o are the standard

deviations (STD).

2.2.2. Partial Correlation

Recently, partial correlation has been playing an important
role to indicate the financial state of a market [11, 20, 24]. To
calculate the partial correlation, the index effect is not needed
to be considered. The residual or partial correlation
p(i, jlm)between stocks i and j, using the Index (m) as the
mediating variable is defined by [11, 20, 24]

C(i,j)—C(i,m)-C(j,m) (3)
J(l—CZ(i,m))-(l—Cz(j,m))

p(i,jlm) =

where, p(i, j|lm), can be viewed as the residual correlation
between stocks i and j, after subtraction of the contribution of
the correlation between each of the stocks with the Index.

2.2.3. Index Effect

The index effect on stock-stock correlations for the
targeted markets and to identify the financial states of the
market in a period t, we propose definition as

§(6) =(Cij(®))ij — Pi,jim ()i jjm 4)

where, C;; is the cross-correlation between the companies of i
and j, p;jmis the partial correlations after subtraction of
index contribution on stock-stock correlations and { ) is the
time average over all components. So, ¢ indicates the average
index effect on stock-stock correlations in a period.

3. Results and Discussion
3.1. Average Correlation with the Evolution of Time

Figure 1 shows the overview of the change in cross
correlation of S&P 500 (Developed), KOSPI 200
(Developing) and DSE (Emerging market) from calm state to
crisis state of the markets. It helps us to compare the state of
the market at different times. Horizontal axis shows the time
window (2004-2012) for one year gap in each block while
vertical axis shows average stock-stock correlations. The
higher correlation between stocks indicates the stiffness of
the market while the lower value of correlation denotes the
calm state. The average cross-correlation is lower for all the
markets in the beginning of the analysis period which implies
the soft state of the market. To observe the value of average
correlation just before market crash is our aim. The lowest
cross correlations are found before the market crash for
different time period for the above mentioned markets. This
result is consistent with the findings of the other studies [23,
29] Other researchers also observe that the average cross-
correlations increase during every crisis and drop after the
crises. A remarkable point is that the average correlation is
higher in developed and emerging market in the crises period
which implies that the companies in developed and emerging
market are more strongly correlated in the crisis time than
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those of developing market.
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Figure 1. Change of average correlation with the evolution of time.

The severe crisis was occurred in the US market and the
Korean market in 2008 and DSE was in 2011. The global
financial crisis did not hit to the DSE market. Before the
market crash, the interactions between stocks became low
enough which corresponds to lower value of average
correlation for all types of market that can be a good
indicator for upcoming crisis.

After temporarily stabilized in 2009, the average
correlation of US market turned up in 2010 and 2011 due to
European sovereign crisis. Again, US market became melt
down in 2012 although the correlation level did not come
back like the calm state of 2004. Observing low level of
average correlation in 2004 and 2005, the calm state of the
market, Korean market turned up and reached its climax in
2008 during global financial crisis. Then the average
correlation sharply turned down in 2009 and 2010 while it
turned up in 2011 during European debt crisis. On the other
hand, after market crash of DSE in 2011, the highest average

cross-correlation has been observed in 2012 which indicates
that market is still under turbulent.

3.2. Dynamism of Average Correlation and Partial
Correlation

The change of average correlation and the partial
correlation with the one month time window from January,
2004 to December, 2012 for S&P 500, KOSPI 200 and from
2006 to 2012 for DSE is shown in figure 2. It is showing
index effect on stock-stock correlations before, during and
after the periods of market crash. The study has found a little
dynamicity of partial correlation in both developed and
developing market but observing noteworthy dynamicity of
partial correlation in emerging market.
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Figure 2. Change of average correlation and partial correlation.

The study observed fluctuation of average cross
correlation of both USA and Korean market in our
observing period. However, the average partial correlation
did not show significant fluctuation like average correlation
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in USA and Korean market. It implies a significant effect of
index on stock correlation both USA and Korean market
during the whole period. The result is consistent with the
findings of previous studies [11, 20, 24]. After observing
low index effect, a marked stiff has been observed in index
effect during financial crises in the market S&P 500 [11]. A
strong similarity in the structure during the two crises has
been observed, followed by consecutive quarters with low
values of three rank correlations, representing the change in
structure [20]. The index effect reached in extreme level
during the crises. On the other hand, the trend of correlation
and partial correlation is almost similar except few
variations in different periods from 2006 to the mid of 2011

158

in DSE, but the remarkable variation has been observed
from May 2011 to February 2012, just before and during
the market crash.

It implies that the index effect on stock-stock correlations
is high in these periods. No difference has been observed
between correlation and partial correlation in some periods in
DSE implying that there is no index effect on stock-stock
correlations and market was calm state in that periods. The
higher index effect on stock- stock correlations can be
considered a signal that the stock market is going to
vulnerable state. The trends of DSE market, where the
variation of correlation and partial correlation for every year
is clearly shown in figure 3.
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Figure 3. Change of average correlation and partial correlation for DSE market.

It has been observed from the figure 3 that different
months in different years had notable variation in correlation
and partial correlation in DSE. Most of the time in 2006, the
index effect on stock-stock correlations was low except
September and December. The remarkable variation between
correlation and partial correlation has been observed in the

beginning of 2007 while observing the minimum or no
variation during the rest time in that year as well as in 2008.
From the very beginning of 2009, again the market looked on
the variation between correlation and partial correlation
during the whole year and it continued in the whole period of
2010 while having significant index effect in the last half of
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2010. During the last half of 2011 there was a gap between
correlation and partial correlation and the variation reached
its climax at the beginning of the first quarter of 2012. The
rest of the period, there was no variation of correlation and
partial correlation. These periods are traced as calm state. It
implies that index effect on stock correlations during calm
state is insignificant.

3.3. Average Stock-Index Correlation

The average stock-index correlations of developed,
developing and local market are shown in figure 4 (a), (b)
and (c) respectively over the one month time window for
every nod. The higher values of average stock-index
correlation of stock markets indicate strong stock-index
interaction while lower values indicate the opposite.
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Figure 4. Average stock-index correlation.

The average stock-index correlations of developed market

are varying from 0.3 to 0.9, from -0.25 to 0.9 for emerging
market and from 0.1 and 0.75 of developing market. It
indicates that the interactions between stock and index of
developed and emerging market are higher than that of
developing market. The most values of average stock-index
correlation of both developing and emerging market is lower
than 0.5 while for global market is greater than 0.5. It
emphasizes our previous result that the interactions of stock-
index of the developed market are stronger than that of the
other markets. The peak values of stock-index correlations
are found during financial crises for all markets. It means that
stock-index interactions are high during crises. The negative
correlations between stock and index of emerging markets
are found in some periods. It implies that there is no
interaction between stock and index at those periods. We
need more analysis in this regard which we will leave for
future investigation.

3.4. Financial States Using Index Effect

The average index effect on stock-stock correlations € in a
period (from eq. 4) is found that changes notably before and
during financial market crash. Therefore, knowing the change
of & with one month time window, one can identify the
present state of the market.

Figure 5 shows the change of the state of all markets with
the evolution of time. Each value is calculated by subtracting
average partial correlation from average correlation in the
same period. The more the value is, the more the index effect
is on stock price. The red and deep red colored blocks
represent severe impact of index effect on stock. This new
representation gives a complete overview about the present
state of the market which can be useful to predict the future
state of the market. The pictorial presentation can give the
overall picture of all markets around big crisis. In vertical
axis we put the month whereas in horizontal axis we put the
year. So the change of market states from one month to
another month in a year can be understood by the change of
color.

The low effect of index on stock-stock correlations are
found from 2004 to 2005 for S&P 500. The effect of index on
stock-stock correlations have been increased in June and July
of 2006. The remarkable effect of index on stock correlation
is found in most of the periods of 2007 and 2008 just before
and during global market crash. The index effects on stock-
stock correlation became high and reached at climax during
financial crisis in 2008. After global financial crisis, the
significant effect of index on stock-stock correlations has
been also found in most of the periods from 2009 to 2011. It
implies that after global financial crisis, market did not come
back to calm state in 2009 and due to European sovereign
debt crisis, the significant effect of index are found in most of
the periods of 2010. The index effect has also been observed
in several months in 2012 representing that market is still in
the vulnerable state.

In KOSPI 200, the study observed the low index effect on
stock correlations from January 2004 to September 2008 with
few exceptions such as August 2006 and November 2007.
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The index effects turned up in October 2008 and went peak
in the beginning of 2009 just after the global financial crisis.
During crisis, we observe lower effect of index on stock-
stock correlations in KOSPI 200 than that of S&P 500. After
global financial crisis, the significant effect of index on
stock-stock correlations has been turned down in most of the
periods from May 2009 to November 2011. It implies that
after global financial crisis, market came back to calm state.
Again the remarkable effect of index on stock-stock
correlation are found from November 2011 and continued up
to April 2012 implying the effect of European sovereign debt
crisis in the market.
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Figure 5. Impact of index on stock prices.

In contrast, the study observed the low index effect on
stock correlations of DSE from January 2006 to mid 2009
with few exceptions which may be due to local crisis
generated by political unrest. When, we compare the
financial states of S&P 500 for the years 2007-2008 with the
financial states of DSE in the same period, we find that there
is no significant effect of DSE index on stock correlations in
this period. It implies that global financial crisis did not hit to
the DSE in this period. In 2010, there was little effect of
index on stock correlations. Although, DSE market crisis has
been started from 2010, the severe effect occurred from June
2011 where the remarkable effect of index on stock-stock
correlation are found shown by change of color in figure 5
(c). The deep change of color for January and February in
2012 indicates the strong effect of index on stock correlations
in these periods. Since, the stiffness of the market is
identified by the sharp effect of index on stock-stock
correlation, the strong effect of index on stock-stock
correlations in January and February imply that the severe
change of the market state occurred in 2012.

4. Conclusion

The correlations between stocks and index effect on stock
correlations of the developed, developing and emerging
market have been investigated with evolution of time. At
first, we calculate the average correlations between stocks of
all markets where we have found that the interactions
between stocks become lower before market crash and
sharply rise just immediate before the crash. Then, we
calculate the average partial correlation of all markets
making one month time window. We found that the average
partial correlation of the emerging market is significantly
higher than those of both developed and developing market
except the financial crises. The higher values of partial
correlation of the emerging market imply that the index effect
on stock correlations of this market is insignificant with the
exceptions of crises. During crisis, we have observed lower
effect of index on stock-stock correlations in KOSPI 200
than those of other markets. No significant effect of DSE
index on stock correlations in the period of global financial
crisis implying that global financial crisis did not hit to the
DSE in this period. Finally, we identify the market states
using our proposed definition which can be useful to
understand the market movement of the different types of
market located all over the world.
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