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Abstract: The sub-prime crisis started from November 2006 to February 2008 is a global crisis that affected almost
all economy activities in the world. In this study, we used the covariance stability test for exploring its impact
towards foreign exchange rate among 15 currencies. Box’s M control chart and its root causes analysis are employed
to understand the behaviour and interrelationship of FOREX’s structure among America and Europe continents.
From the analysis, it shows that the structures of covariance from Jan, 2006 to Dec, 2008 are not stable. To be detail,
if there is any shift on USD during April-June 2007, the nearest currencies that will received the impact are

Argentine Peso, Chilean Peso and Rusia Ruble.
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INTRODUCTION

The dramatic run-up and succession collapse of US
subprime crisis started from November 2006 to
February 2008 (Tang et al., 2008). It sprang a great
impact to US economy and on Foreign Exchange
Market (FOREX) (Melvin and Taylor, 2009). The
actual manifestation of the subprime mortgage crisis
was in February to March 2007 where more than 25
subprime lenders declared insolvent and recorded
significant lost (Singh, 2010). According to Dymski
(2010) what has been most remarkable about this crisis
is it resistance to policy cures, several distinct incidents
of near-meltdown in markets have occurred in August
2007, March 2008, September to October 2008. Also
wide range of policy actions to have been proposed
failed, this singular circumstance, caused a lot of
damage to US and the rest of the World financial
stability thereby caused crisis to FOREX. This made
the subprime crisis in US to be one of the hottest topics
of discussion around the globe, because of its effect on
global FOREX and the economy. Jaffee (2008) labelled
it as the beginning of the “second great depression”, the
crisis ranks among the most serious economic event
affecting the US since ‘great depression’ of the 1930s.

The crisis impacts on the economy activities, as
example, mortgage (Tang et al., 2008; Acharya et al.,
2009; Brueckner et al., 2012), financial contagion
(Dymski, 2010) and world financial market (Longstaff,
2010). On the other hand, its impact on the foreign
exchange market has been much less discussed (Melvin

and Taylor, 2009). Consequently, in this study, we
focus our attention on the FOREX since it is very
crucial issue. In order to elaborate the impact of US
subprime, US and European currencies which are
among the dominant currencies globally has been
chosen in this study.

Data preparation: In order to analyse, we used daily
data from 15 major currencies comprise of US and
European countries. The data is retrieved from January
1, 2006 to December 31, 2008, via
http://fx.sauder.ubc.ca/data.html on daily basis. The
currencies symbols and the details are present in
Table 1.

In general, there are 5 trading days per week, 20
trading days per month and about 60 days per quarter.
The precious metals such as gold, platinum and silver
can be considered as the base currency (Mizuno et al.,
20006). Therefore, in this study, the daily exchange rate
of each currency for gold is used as the base currency.
The exchange rate of a currency for dollar can be
converted into the exchange rate for gold by
multiplying the exchange rate for gold by dollar (Wang
etal., 2013).

METHODOLOGY

In this section, we show the procedure to monitor
the stability of several independent samples of
covariance matrices based on Multivariate Statistical
Process Control (MSPC) approach. We construct the
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Table 1: Countries and their symbols

Continent Countries Symbol Continent Countries Symbol
Europe United Kingdom GBP America Argentina ARS
Czech Rep CZK United States uUSD
Hungary HUF Brazil BRL
Iceland ISK Colombia Ccop
Poland PLN Chile CLP
Russia RUB
Sweden SEK
Switzerland CHF
Romanian RON
Norway NOK

control chart with the upper control limit so as to
identify the stability (or instability) of the FOREX
during the US subprime crisis. In order to examine the
root causes of any out-of-control signal, network
analysis is performed (Sharif and Djauhari, 2011).

Testing the equality of covariance matrices: To test
the stability of several independent samples of
covariance matrices, we employ Box’s M statistic (Box,
1949), with the null and alternative
hypothesis, Hy: Y,; = Yo and H;: Y; # Y, respectively
(Aitchison et al., 1977), pg.155 and (Mardia et al.,
1979), pg.140.

The Box’s M statistic with the asymptotic
. . . 2 . .
distributiony p(p+1)(k—1)/2 15 8 follows:
M =YY (n; = Dlog| Sy 'Sy | @)
where,
T i/t B S SR B
¢ Y=l 6(p+1)(k—1) iz ni-1 n—k )
e S= (n1s14n252)
n n
L Su = n—_nk S
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Sy and S,; are the unbiased estimators

Network topology: Several techniques have been
developed that assist in the interpretation of out-of-
control signals, example in, principal component
analysis, neural network and network analysis. In this
study, network analysis is used to identify the
dominance currency causes and out-of-control signal.
Based on correlation matrix, we construct network
analysis of 15 currencies using Kruskal’s algorithm
(Kruskal, 1956) to show the interrelationship, behaviour
and inter-connectivity among currencies (Mizuno et al.,
2006). By using a Matlab version 7.8.0 (R2012b) and
Pajek software (Batagelj and Mrvar, 2011), we
illustrate the graphical formation to simplify the
difficult structure in a modest way. Then, the data is
transform into price returns logarithmic exchange rate
Ri:

Ry(t) = In Py(t+1) -In Py(t) @)
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P;(t) is daily exchange rate of currency i at the time
t,i=1,2, ..., 15. After that, the correlation matrix, p;;
is computed:

Y(RiRj) - X R)ZR))
J@rd-zr2)(@rA-(5R 12)

A3)

Pij

Then transform the correlation matrix to a distance
matrix d;; in other to analyse the network topology
(Mantegna and Stanley, 2000) that satisfies the formula
and its properties:

dij=/2(1 = p;j) “)

To visualize, simplify and summarize the important
information contained in the network represented by D,
we use the notion of Sub-Dominance Ultrametric
(SDU) as suggested in Mantegna and Stanley (2000).
Let A be a matrix 15x15 with d;; as the element in i-
th and j-th column. We call A the SDU matrix of D if
0;j is an ultrametric distance between the i-th and j-th
Currencies and 0;; < d;; fori andj. By ultrametric
distance we mean that (i) d;; = 0 and 9;;=0= X; = X;,
(i) 8;; = 9;; for all i and j and (iii) 9;; < max{dy, Iy}
for alli, j and k = 1, 2... 15. SDU is determined by a
network analysis of the original network (Benzecri,
1982; Tabak et al., 2010). In this study, network
analysis will be determined by using Kruskal algorithm
(Kruskal, 1956).

To interpret the network analysis, degree centrality
is used to understand the importance and or influence of
each currencies to the others (Sieczka and Holyst,
2009). The degree centrality can be defined as the
number of links that a given currencies has.
Specifically, the degree of nodei is, d;
Xj=1a;j (Borgatti, 1995). Based on degree centrality,
the higher the number of links is the most dominance of
that particular currency.

RESULTS AND DISCUSSION

In this section, we compute the Box’s M statistic of
15 currencies for 12 quarters. Table 2 presents the
results of the analysis. At the first quarter (Jan-Mar
2006), it shows that the value is 508 where larger than
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Table 2: Box’s M statistic of 15 currencies

Table 3: Degree centrality measures

No. Quarterly Box’s M Statistic
1 Jan-Mar 06 508
2 Apr-Jun 06 456
3 Jul-Sept 06 610
4 Oct-Dec 06 638
5 Jan-Mar 07 677
6 Apr-Jun 07 691
7 Jul-Sept 07 568
8 Oct-Dec 07 581
9 Jan-Mar 08 570
10 Apr-Jun 08 535
11 Jul-Sept 08 433
12 Oct-Dec 08 455
800
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Fig. 1: Control chart for Box’s M statistic

){20_05‘120 =95.7046. Therefore we reject the hypothesis

since it is fall outside 95.7046. To illustrate all the 12
quarters in simple manner, we use an MSPC approach
for the next step.

We construct the control chart to monitor the
covariance stability where its upper control limit is
X2 005120 = 95.7046 (plotted in red line) as in Fig. 1.

The vertical axis is the statistics for each quarter and the
horizontal axis is the quarter number. Thus, each of 12
quarters in Table 2 is plotted in blue colour.

From this figure, we learn that all the 12 quarters
give a signal of out-of-control. This signals show that
there is a change in covariance structure compared to
reference covariance sample. To illustrate on how the

Currency
ARS-Argentine Peso
BRL-Brazilian Real
GBP-British Pound
CHF-Swiss Franc
CLP-Chilean Peso
COR-Colombian Peso
CZK-Czech Republic Koruna
HUF-Hungarian Forint
ISK-Icelandic Krona
NOK-Norwegian Krone
PLN-Polish Zloty
RON-Romanian Leu
RUB-Rusia Ruble
SEK-Swedish Krona
USD-US Dollar

Degree centrality

Wik —m NN~ === W — W —

root causes analysis of an out-of-control signal can help
us to search the most dominance currency, we present
the network analysis based on 6" quarter (April-June
2007) in Fig. 2.

By wusing Kruskal algorithm as a filtering
procedure, it produces 14 numbers of links to be
interacting between all the currencies. This figure show
that interrelationship among the currencies is more
conclusive when it can be visualised via network. To
elaborate the findings more clearly, we present the
results of degree centrality measures in Table 3. The
colour of the nodes represents the scores of centrality
measure and the rank of importance, respectively.

Based on network analysis in Fig. 2, we learn that
network analysis has well split 15 countries into two
continents which are America (round nodes) and
Europe (square nodes) excluding Iceland. We can see
that RUB and USD are the cause of two different
continents has been linked. From degree centrality,
RUB (purple point) has the highest number of links 5 in
the network. Each of the following currencies has 3
links: BRL, USD and CHF (orange points), then CLP,
NOK and PLN (green points) have 2 links, respectively.
The following currencies (black points) ARS, GBP,
COR, CZK, HUF, ISK, RON and SEK are of 1 link
only. As a conclusion, RUB is the most dominance
currency that controls CHF, GBP, PLN, CZK and USD.

Fig. 2: Network analysis on 6™ quarter (April-June 2007)
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CONCLUDING REMARKS

In this study, we show the procedure to understand
the stability (or instability) of the currencies impart to
US economy using MSPC approach. First, we construct
Box’s M control chart to monitor the process
variability. If an out-of-control signal occurs, we can
perform a network analysis that corresponds to the
current process variability to understand the situation.
However, in this study, we only illustrate the network
analysis for 6™ quarter since it is having the largest
statistical value. Based on network analysis, if any shift
on USD, the nearest currencies that will received the
impact are ARS (American Continent), CLP (American
Continent) and RUB (Europe Continent).
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