CINTI 2013 « 14th IEEE International Symposium on Computational Intelligence and Informatics *+ 19-21 November, 2013 « Budapest, Hungary

Dynamic Financial Contagion Prediction Model
Based on Fuzzy Information Granularity SVM

Lin Liu®, Yingfeng Shao™*, and Xiaofeng Hui*
*School of Management, Harbin Institute of Technology, Harbin, China
** State Key Laboratory of Nonlinear Mechanics (LNM), Institute of Mechanics, Chinese Academy of Sciences,
Beijing, China
lllin1135@sina.com
shaoyf@lnm.imech.ac.cn
xthui@hit.edu.cn

Abstract—Contagion time prediction is an important
research topic in financial crises. This article put forward a
prediction model of contagion time based on fuzzy
information granularity SVM. It uses granularity fuzzy and
SVM to estimate the bounds of stock index, and further
forecast the similarity index. The predicted contagion time
from the United States to the United Kingdom, Germany,
Frence and China are tested, and compared with the real
ones. The empirical analyses comfirm that the model is a
feasible method to predict the financial contagion arrival
time.
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L. INTRODUCTION

Since the 1990s, the international financial market
fluctuated intensified, and the financial crisis broke out
frequently. Mexican peso crisis in 1994, Southeast Asia
financial crisis in 1997, Russian Flu in 1998, and Brazil
crisis in 1999, all destroyed the economy and caused the
amazing losses. In the 21st century, the financial crisis
expanded furtherly. The global financial crisis in 2007-
2009 triggered by the US subprime crisis impacted the
whole world. The European debt crisis in 2010 also made
people alert. It is of great significance for the healthy
development of economy to study financial contagion.

During the last two dacades, many scholars have
proved the existence of contagion. Rodriguez[1] took
Copula approach to study the Asian crisis and the
Mexican crisis, and found evidence of changing
dependence. Chiang et al[2] utilized a dynamic
conditional-correlation model to nine Asian markets from
1990 to 2003, and confirmed a contagion -effect.
Caramazza et al.[3] proved that financial linkages played a
significant role in the spread of the Mexican, Asian, and
Russian crises. Gallegati[4] investigated contagion during
the 2007 US subprime crisis, which results indicated that
all sample markets have been affected by the US subprime
crisis. Kenourgios et al.[5] studied financial contagion in a
multivariate time-varying asymmetric framework, and
confirmed a contagion effect from the crisis country to all
others.

Time factor is an important to financial contagion.
Longstaff[6], Dooley and Hutchison[7] did research on

978-1-4799-0197-5/13/$31.00 ©2013 IEEE

the transmission of the U.S. subprime crisis, based on the
division of crisis stages. Madaleno and Pinho[8] pointed
out a time delay of the contagion. Kleimeier et al.[9]
emphasized time-aligned data in measuring financial
contagion. However, there is little research on the
contagion arrival time in financial crises.

Bae et al. [10] pointed out that contagion is predictable.
Didier et al.[11] also presented that it was impossible to
predict whether financial crises or contagion would
reappear. In this paper, we bring forward a financial
contagion prediction model, which is based on fuzzy
information granularity SVM. We exploy the model to
forecast the arrival time of contagion from the US to four
other countries during the global financial crisis. The
experiments show that the model is a feasible one for
prediction, and can help to establish early warning in the
financial contagion.

II.  METHODOLOGY

Support Vector Machine (SVM) in this study plays an
important role in two steps: LS-SVM helps to forecast for
the source, while the fuzzy information granularity SVM,
which combines with fuzzy granularity, is used to predict
the stock index intervals for the infected countries.

The nonlinear similarity index is the criteria of whether
the financial contagion has arrived. Hence, the nonlinear
similarity index has to be calculated by the real stock
index value and by the predictive one, respectively.

A.  Modeling flow of the dynamic contagion prediction
model

The modeling flow of the proposed method in this
paper is shown as Fig. 1.

Step 1 Data normalization: The financial data collected
from different market are preprocessed and normalized.

Step 2 Phase space reconstruction: Reconstruct the
phase space by the C-C method[12] for the source of
contagion. Calculation for the reconstruction parameters.

Step 3 Forecasting for the source: Apply the LS-SVM
algorithm based on the phase space to forecast the stock
index value for the source.

Step 4 Forecasting for the infected country: Apply the
fuzzy information granularity SVM algorithm to forecast
two bounds of the stock index for the infected country.
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Figure 1. Modeling flow of the dynamic contagion prediction model
Step 5 Similarity index interval: Choose the optimized
sliding window. Calculate the similar index interval
between the source and the infected country.
Step 6 Sign-modified predictive similarity index
interval: Sign the predictive similarity index according to
the trend of the stock index of the source.

Step 7 Contagion arrival judgement: Judge the
contagion arrival time on the basis of the Sign-modified
similarity index.

B.  Forecasting for the Source

First, apply the C-C method to calculate the parameters
of phase space reconstruction. For nonlinear time series

x= {xl.| i=12, ~-,N}, estimate the delay time window
7y, the optimal delay time 74, and the embedding

dimension m. The phase space reconstructed can be
expressed as

X = { X, | X, = [xfrxi+r>"'rxi+(nz-1)r

T

,i:1,2,-~-,N1} (
)

where N=N-(m-1)r. N; represents the number of

embedded points in the phase space.
Then, we set that  represents the length of the sliding

window. The phase space in the sliding window should
be

xi xi+1 -x,-71+”
xi+r xi+l+r xi71+n+r (2)
X = . . .
'xi+(mfl)r 'xi+l+(mfl)z Xictew

where n=W-(m-1)z is the number of embedded points in a
sliding window.

SVM 1is a machine learning method to solve data
classification, nonlinear pattern recognition and function
estimation. LS-SVM [13], which results in a set of linear
equations instead of a quadratic programming problem, is
an improvement of the traditional SVM. LS-SVM can be
applied to high dimension problems.
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The basic algorithm to forecast the stock index for the
source is stated as follows.

Input: nonlinear time series x — {xl_| i= 1,2,...,]\[},
T, m

Output;x':{xv :1,2,--~,N+1—W}

Algorithm: Predict_the source(x, t, m, W)

i1+ |l

(1) fori=1:N-W+1
Set the training sample
X Xit Xi—2in
Input. X = xijrr XI+_1+T x[72.+n+r
xi+(m72)z x[+1+(n172)r xi72+Wfr
Output: !
utput: y = (xi+(m—1)r Xitt4(m-1)e xi—2+W)
(2)  Set the forecasting sample
. T
Input' X = ('xi71+n xi71+n+r xifH»WJrz)
Output: ¥ =x",_ .,
(3)  Take the training sample input and output into
n—1
y(x):ZakK(xk,x)—l—b A3)
k=1
to gain the support vector o and the bias b,
where a:(ap%,.--,aﬂ)T denotes the Lagrange
2
i —||X — X,
multiplier vector, and K (x,,x)=exp | ~ A ]
is a (n-1)%(n-1) kernel matrix;
(4) Take the forecasting sample input
(XFHM xianJrz : xifl+W+z )T into the regreSSion
function (3), to calculate the output X'
end for
(5) Return x‘={x‘H,W\i:172,~-,N+17W}
end

The result X', 4 1s the prediction of the stock index
for the source.

C. Forecasting for the Infected Country

The aim of information granularity[14-15] is to split the
object into its basic operational chunks. In information
granularity method, the problem is divided into a series of
granules. An information granule[16] is viewed as an
collection of objects drawn together by the criteria of
indistinguishability, similarity or functionality.

The common fuzzy granules are in the forms of
triangular fuzzy, trapezoid fuzzy, Gaussian fuzzy and so
on. In this paper, we employ the triangular fuzzy granule.
The membership function of a triangular fuzzy granule
can be expressed as
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A(xaalsmlsaz) =

a, —

0,x>a,

where a; and a, are the upper and lower bounds, and m; is
the median of fuzzy granule.

The algorithm to predict the stock index upper and
lower bounds for an infected country by FIG-SVM is
stated as follows:

Input: x = {xl_| i=12, .-,N} , the fuzzy set length f
Output: x* ={x7,)i=12,N—W}
Algorithm: Predict the infected upper(x, f, W)
(1) fori=1:N—W
Set the training sample

Input: X:I:K

Output: Y:{xj|j:i, i+, ---,i—l—i—W}
(2)

Set the forecasting sample

Input: y — K—f—l
f

up

Output: ¥ = x;7,,

3

Take the training sample input and output into

Formula (4) to obtain the uper bound for every
training granule.

Use the training input and the upper bound to
train the regression function

y(x) :(wa>+b

where w is the weight, and b is the bias;

“

)

(5)  Take the forecasting sample input - :% 11

into the regression function (5), and calculate
the output ¥ = x;7), ;

end for
(6)  Retun x* ={x7)i=12,-. N~}
end

The returned result x;%), is the predictive stock-index

upper bound of the infected country. In a similar way, we
calculate the predictive lower bound of the infected

ow . . .
country )cf v - The predictive stock index
" low up
Xiyw € [XHW’XHW] .

FIG-SVM for time series is a prediction based on
information granules, hence the prediction result is a
granule. In other words, the prediction is an interval with
upper and lower bounds.
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D. Similarity Index Interval

The dynamic similarity theory of nonlinear time series
is based on the following ideas: in science and
engineering, we can study systems through the
characteristic time evolution of observable properties. For
different dynamical systems, or different states of a single
system, by analyzing the similarities of the observable
time series, we can obtain the variable characteristics in
different systems or different stages of one system.

The Real Similarity Index

For two different stock index time
series x — {xi|i: 1,2’...’]\]} S y:{yl|1:1, 2, ,N} s
reconstruct phase space for the two countries by 7 and m
of the source, and get two phase spaces

T
X:{ X/‘ Xj:[x, 1> % 1<jw'"ax,>1+,+(m.1)r] ,121,2,“',71}

>

T
Y:{ Ij‘ Y, :[)/,,H,,)/,,HH,,-'-,)/,.,H,W,,l),] > :LZ,"‘,n}
where n=W-(m-1)z
The cross-correlation sum of X, Y is

o DICIC LA

nXn, 5
where ny, n, are the numbers of points in phase space X, Y

(6)

Cy =

respectively, and ¢ is a threshold. ”” denotes Euclidean

distance of two embedded points. ©@(:) is Heaviside
function.

The self-correlation sum of X is

1 oo
Cox =—52.2.0(c—|x,—x,)) @

L
Calculate the similarity index[17] of the two countries
Co ®)

y’:w/CXchYY

The Predictive Similarity Index Interval

For the sliding window  — {x,- |j=1i,i+1, -~-,i—1+W}s
y:{yj|j:i, i+, -~-,i—1+W} , we can calculate the
predictive similarity index upper bound by replacing
X with the predictive value)c'i_l o and y,_, o with

the predictive upper bound y;”,,, . Other steps are the
same with the algorithm of the real similarity index.

And correspondingly, we calculate the predictive
similarity index lower bound by replacing X, ,,, with
the predictive valuex', , , and y,  with the predictive
lower bound 3, -

Thus we gain one real similarity index curve and two
predictive similarity index curves for each infected
country to the source.

E.  Sign-modified Similarity Index

To distinguish the financial crisis and common
prosperity between two countries, we give the nonlinear
similarity index y a sign. Here we assign y plus when
financial crisis appears, that is when financial time series
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declines. On the contrary, we assign y minus when
common prosperity come out, that is when financial time
series rises.

Thus, the similarity index y ranges from -1 to 1.

III. EMPIRICAL EXPERIMENT

A. Data Preprocessing

In this paper, the sample period is from Jan 4th, 2007 to
May 30th, 2012. The daily closing prices of five markets
are used, including DJI of the United States, FTSE100 of
the United Kingdom, DAX of Germany, FCHI of French,
and SSI of China. Data were taken from Bloomberg.

Since the opening dates of different countries are not
the same with each other, we adjust the time series by the
piecewise linear interpolation method. After interpolation,
there are N;=1406 observations. We give the descriptive
statistics after piecewise linear interpolation in Table I.

TABLE L.
DESCRIPTIVE STATISTICS OF FIVE STOCK MARKET INDICES

DJI FTSE100 DAX FCHI SSI

Obs. 1406 1406 1406 1406 1406
Max 14164.53 6732.40 8105.69 6168.15 6092.06
Min 6547.05 3512.10 3666.41 2519.29 1706.70
Mean 1131091 5515.12 6320.65 4082.06 3045.82
Std 1684.77 713.03 991.53 941.28 885.40

All the data in the time series are preprocessed and
normalized to [0,1].

B.  Empirical Results

As it is known to all that the US is the source of the
globle financial crisis, we use the US’s parameters to
reconstruct the phase space. The sampling interval z=1.
we can obtain the optimal delay time z3=30 and the delay
time window 7,=9. Therefore, the embedding dimension
m=5. We get Ny=1370 embedded points for each market.

We apply the LS-SVM regression to forecast the next
day stock index of the source. The prediction value is
closely related to the sliding window length W. The
relationship of W and the number of the embedded points
in the window is shown in Table II.

TABLE IL
RELATIONSHIP OF SLIDING WINDOW LENGTH AND NUMBER OF POINTS
w 40 50 60 70 80
n 4 14 24 34 44

In this experiment, W=60 is the most appropriate
parameter for the sliding window length. Therefore, there
are n=24 embedded points in every sliding window. We
forecast for the source. The result is 1347 prediction
value for the US.

Similarly, we forecast for the infected country. The
results are a pair of upper and lower bounds. In a
financial crisis, the linkage between the source and the
infected country is a result of contagion. As FIG-SVM
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forecasts data for a changing interval, it reflects more
accurately than the traditional SVM for the infected
country. Define the fuzzy granule length f=5. Taking
FIG-SVM prediction for the UK, Germany, French and
China.

The threshold ¢[18] is defined as 30% of the
cumulative neighborhood distribution of the US in the
same time period. Calculate the predictive similarity
indices and the real ones for each infected country. There
are 1347 real similarity indices and 1347 pairs of
predictive ones, which means 1347 predictive similarity
index intervals.

The sign of similarity index y is decided by the trend of
DJI. In the experimental period, the extreme points after
smoothing are shown in Table III.

TABLE IIL DATE OF EXTREME POINTS OF THE US
Maximum Minimum
2007-10-09 2008-03-07
2008-05-05 2009-03-09
2010-04-26 2010-07-02
2011-04-29 2011-05-17

2012-04-02

According to the points in Table III, we devide the
sample into 10 periods. Assign the similarity index vy plus
when DJI declines, Y minus when DJI rises. The similarity
indices, including one real similarity index and two
predictive ones from 2007-2012 for the four infected
countries, are shown as Fig. 2.
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Figure 2. Real and predictive similarity indices to the US

We focus on the positive similarity index which
represents the financial crisis periods. When the threshold
o selects different values, the contagion arrival time of
the UK and China is shown in Table IV. y is the real
similarity index, while y,. is the predictive similarity
index.

TABLE IV. CONTAGION ARRIVAL TIME UNDER DIFFERENT
THRESHOLDS
FTSE100 SSI
Y Vpre 4 ypre
0.1 2007-10-10 2007-10-10
1
0.8 2007-12-24 2007-12-24
0.1 2008-05-05 2008-05-05
0.8 2008-06-26 2008-06-27
2
0.1 2008-10-06 2008-10-07
0.8 2009-02-23 2009-02-24
0.1
3
0.8
0.1 2011-05-18 2011-05-18
4
0.8
0.1
5
0.8

When the threshold y, selects different values, the
prediction accuracy P is shown in Table V. y corresponds
to the number of dates of the real similarity index >y,
while y,. corresponds to the number of dates of the
predictive similarity index >y,, which selects the earlier
Ofylow and Yup-
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TABLE V. PREDICTION PERFORMANCE OF THE PREDICTIVE
SIMILARITY INDEX MODEL
Yo FTSE100 DAX FCHI SSI
b 333 264 40 0
005 | Vore 328 263 39 0
P 98.50% 99.62% 97.5%
Y 303 233 27 0
(S 302 230 24 0
P 99.70% 98.71% 88.89%
b 236 185 18 0
02 | Ypre 232 183 19 0
P 98.31% 98.92% 94.44%
Y 161 152 7 0
03 | Vpre 159 149 8 0
P 98.76% 98.03% 85.71%
Y 90 111 0 0
05 | Ypre 91 108 0 0
P 98.89% 97.30%
y 29 7 0 0
08 | Ypre 29 7 0 0
P 100% 100%

C. Analysis and Discussion

It can be seen from Fig. 2 that the financial markets of
the UK, Germany and Frence performed obviously
positive linkage with that of the US, while Chinese
market has a positive linkage with that of the US but is
not distinct. Financial contagion[19] is defined as a
significant increase in cross-market linkages after a shock
to other countries. Therefore, it implies the former three
countries had strong financial contagion with the US, and
the contagion to China is much weaker.

There are five decline of the US DJI in the sample. Fig.
2 also shows that in the first decline from 2007-10-09 to
2008-03-07, the contagion impacts all the four countries,
and the impacted to the UK and Germany is severe. In the
second decline from 2008-05-05 to 2009-03-09, the
severe contagion extends to Frence, besides the UK and
Germany. In the third decline, the contagion influences
Germany, and in the fourth decline, it influences the UK.
The fifth decline does not affect any country, so it is not a
contagion.

Table V shows that the contagion to the UK is stronger
than to Germany, than to Frence, than to China. P near to
1 means that the predictive similarity index interval is
close to the real similarity index, and further means the
prediction is relatively accurate.

We can see from Fig. 2 and Table V that the main
contagion from the US to other countries is from October
2007 to March 2009. This is also the major outbreak
period of the global financial crisis triggered by the US
subprime crisis. The contagion from the US to China was
in the end of 2007, and much shorter than other three
countries. It is consistent with other researchers’[20, 21]
opinions.
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IV. CONCLUSION

The prediction of contagion arrival time in financial
crisis is important and necessary. The traditional
researches did not develop the arrival time prediction. In
this paper, we construct a new model combined SVM and
fuzzy information granularity. Using the nonlinear
similarity index as the measurement criteria, this method
can dynamically forecast the arrival of contagion.
Empirical experiment based on the globle financial crisis
triggered by the US is carried out test the model. The
experimental results and analysis show, the prediction
model works well in forecast the arrival time of contagion.
It can also be used to describe the contagion degree. The
model proves that it is feasible to do contagion prediction.
However, it still has some localization: the prediction
period is short. It should be improved by following work.
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