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Introduction

 Nowadays every transaction of every financial market is recorded.

 Main point of this chapter: the role of scales and reference units in finance and

physics is rather different.
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Price scales in financial markets

 Physics: metrology is devoted to find the optimal reference unit  accuracy.

 Finance: the scales used are often given in units (currencies) that are themselves 

fluctuating in time and transactions occur at random times with random intensities.

 The price unit of financial goods is usually the currency of the country in which the 

particular financial market is located.

 The value of the currency is not constant in time.

Selection of the most appropriate variable is a difficult task.
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Price scales in financial markets

 A currency can change its value because of

 What is the proper unit for a data table?
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Price scales in financial markets

 Data tables, examples:
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Price scales in financial markets

 Data tables, examples:
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Price scales in financial markets

 Let us define Y(t) as the price of a financial asset at time t.

 Which is the appropriate stochastic variable for us to investigate?

Price changes:

• Nonlinear and stochastic approaches are not needed.

• It is seriously affected by changes in scale.
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Price scales in financial markets

 Let us define Y(t) as the price of a financial asset at time t.

 Which is the appropriate stochastic variable for us to investigate?

Deflated or discounted price changes:

• Nonlinear transformations are not needed.

• Prices are given in terms of "constant" money.

• Deflators and discounting factors are unpredictable 

over the long term: there is no unique choice for D(t)
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Price scales in financial markets

 Let us define Y(t) as the price of a financial asset at time t.

 Which is the appropriate stochastic variable for us to investigate?

Returns:

• Provide a direct percentage of gain or loss in a given 

time period.

• Sensitive to scale changes for long time horizons.
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Price scales in financial markets

 Let us define Y(t) as the price of a financial asset at time t.

 Which is the appropriate stochastic variable for us to investigate?

Successive differences of the logarithm:

• The average correction of scale changes is incorporated without requiring deflators or 

discounting factors.

• The correction of scale change would be correct only if the growth rate of the economy were 

constant, but the growth rate generally fluctuates, and these fluctuations are not incorporated.

• Nonlinear transformation is used, and nonlinearity strongly affects the statistical properties of 

a stochastic process.
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Price scales in financial markets

 The analysis of high-frequency financial data has become widespread in 

research institutes and financial institutions.

 How the above definitions are interrelated in the high-frequency regime?

 For high-frequency data and for investigations limited to a short time period in 

a time of low inflation:

where the time dependence of C1 is negligible.

 However, for investigations over longer time periods, a choice must be made.

 The most commonly studied functions are S(t) and R(t).
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Time scales in financial markets

 Possible candidates for the ‘correct’ time scale include:

 All the definitions have merits and all have problems.

 When examining price changes that take place when transactions occur, it is 

worth noting that each transaction occurring at a random time involves a 

random variable of the traded financial good: the volume.
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Time scales in financial markets
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Time scales in financial markets

Physical time

 Well-defined, but...

 ...stock-exchanges closed during night, weekends and holidays.

 Similar limitations in foreign exchange market: active 24h/day but temporal 

constraints (varies by location) are present due to the biological cycles and 

social organizations of business.

 Not known how to model the stochastic dynamics of prices and the arrival of 

information during hours in which the market is closed.
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Time scales in financial markets

Trading time

 Well-defined in stock-exchanges: it is the time that elapses during open market 

hours.

 In the foreign markets: physical time = trading time.

 The variance determined by considering closure values of successive days is 

only approximately 20% lower than the variance determined by considering 

closure values across weekends.

 Trading time is used in the modeling of price dynamics.
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Time scales in financial markets

Problems with Trading time:

 Information affecting the dynamics of the price of a financial asset can be 

released while the market is closed.

 In high-frequency analyses overnight price changes are treated as shorttime 

price changes.

 The market activity is implicitly assumed to be uniform during market hours. 
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Time scales in financial markets

 Trading activity is not 

uniform during trading 

hours, either in terms of 

volume or in number of 

contracts.

 In the figure, clearly seen 

is a daily cycle with a 

period of 6.5 trading 

hours.
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Time scales in financial markets

 Almost periodic behavior 

is observed in the average 

activity of the foreign 

exchange market.
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Time scales in financial markets

Time index of the number of effective transactions

 Time is defined in terms of number of transactions.

 Tick-by-tick data are necessary to perform statistical analysis.

 Nowadays it is possible (at least for some financial markets).

 One source of randomness is eliminated: the time elapsing between transactions.

 The second source of randomness, the volume of the transaction, still remains.
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Summary

 It is not straightforward to select the price function and the time reference 

frame to be used in the analysis and modeling of the stochastic dynamics of a 

price.

 Empirical analyses are often performed with slightly different

o definitions of variables,

o periods of time analyzed,

o frequency of recorded data.

 Results are really sensitive to these choices.

 Statistical properties of price changes is still lacking, despite a large number of 

empirical analyses. 20
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