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Spectral Method to Quantify Dynamical Structure
of the Foreign Exchange Market Based on the Tick Frequency

AKI-HIRO SATOt

The time series of the tick frequency extracted from the high frequency financial data for
15 kinds of currency pairs in the foregin exchange market are analyzed from a view point
of similarity measured by the spectral distance defined by the Kullback-Leibler divergence
between two power normalized spectra. By using the proposed method it is confirmed that
the spectral distance matrix depends on the regional time zones. In order to understand the
meaning of the proposed method we consider the agent-based model of a financial market that
N market participants deal with M kinds of currency pairs. From the numerical simulation
of this agent-based model it is found that the difference between parameters of the market
participants (perception and decision) reflects the spectral distance matrix. Furthermore the
vector autoregressive (VAR) model are approximately derived from the agent-based model in
a theoretical manner and the relation between parameters of the market participants and the

Dec. 2007

spectral distance is discussed.
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Table 1 Analyzed currency pairs.

USD/CHF | 000000000/000000
USD/JPY | 0000000O00/000

USD/NOK | 000000000/000000000
USD/SEK | 000000000/0000000000
AUD/USD | 000000000/000000000
EUR/CHF | 000/000000

EUR/GBP | 000/0000000

EUR/JPY | 000/000

EUR/NOK | 000/000000000

EUR/SEK | 000/0000000000
EUR/USD | 000/000000000

GBP/AUD | 0000000/000000000
GBP/CAD | 0000000/00000

NzZD/USD | 0000000000/000000000
USD/CAD | 000000000/00000
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Fig.1 The graph to represent the analyzed currency pairs

(USD/CHF, USD/JPY, USD/NOK, USD/SEK,
AUD/USD, ERU/CHF, EUR/GBP, EUR/JPY,
EUR/NOK, EUR/SEK, GBP/AUD, GBP/CAD,
NZD/USD, USD/CAD, NZD/USD, USD/CAD).
Each node (USD, ERU, CHF, GBP, NOK, SEK,
CAD, NZD, AUD, JPY) represents a currency, and
each edges a currency pair.
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Fig.2 The time series of tick frequency and the corre-
sponding power normalized sprctra for EUR/CHF,
USD/JPY, and EUR/USD on 4th September, 2000.
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Fig.3 The spectral distance network defined by the sym-

metric Kullback-Leibler distance for 15 kinds of cur-
rency pairs on 4th September, 2000 for L = 480.
The Asian time zone (¢t =0:00 (GMT+1)) (top), the
European time zone (¢ =8:00 (GMT+1)) (center),
and the American time zone (¢ =16:00 (GMT+1))
(bottom).
thick/thin lines a large/small distances between two

Nodes represent currency pairs, and

currency pairs.
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Fig.4 The spectral distance between the USD/JPY

(EUR/USD) and other currency pairs for L = 480.

The Asian time zone (¢ =0:00 (GMT+1)) (top), the

European time zone (¢t =8:00 (GMT+1)) (center),

and the American time zone (¢ =16:00 (GMT+1))

(bottom). The nodes represents a currency, dushed

line the focusing currency pair, and thick/thin lines

a large/small distance between the dushed line and

that currency pair.
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Fig.5 A conceptual illustration of the agent-based model
of a financial market. N market participants deal
with M currency pairs.
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Fig.6 Typical examples of time series of log returns and
the correspondig cumulative distribution functions
in log-log scales.
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Fig.7 The spectral distance network defined by the sym-

metric Kullback-Leibler distance between tick fre-
quencies for two currency pairs obtained from nu-
merical simulations of the agent-based model at
o, = 0.315, 0,/ = 0.315. A thick/thin line repre-
sents a large/small distance between two currency
pairs.
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Fig.8 The symmetric Kullback-Leibler distance network

for the case that parameters for agents to deal with

the 2nd currency pair are set at particular values.
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Fig.9 The symmetric Kullback-Leibler distance network

for the case that parameters for agents to deal with
the 2nd currency pair and 8th currency pair are set
at the same values.
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