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Abstract
              In this analysis, we review the paper Fractals and Intinsic Time – A Challenge to Econometricians by Muller, Dacorogna, Dave, Pictet, Olsen and Ward. The paper proposes the hypothesis of a heterogeneous financial market as opposed that of a homogenous financial market. The authors first motivate this hypothesis with evidence of fractal properties in Foreign Exchange data. They then substantiate the hypothesis with the success of a price forecast model applied to different dealing time-scales, as well as with the systematic success of trading models with different dealing frequencies and risk profiles. After presenting a short summary of the paper, we review its merits and its flaws, as well as its significance. We then conclude with an outlook by providing suggestions for future study.
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Summary
A. Introduction

       For some years now, the set of available data from financial markets has grown rapidly. In the seventies, most of the empirical studies were based on yearly, quarterly, or monthly data, which could typically be modeled by random-walk or linear models. During the eighties, the study of weekly and daily data led to the discovery of new, non-linear properties, mainly autoregressive heteroskedasticity. The first studies of intra-daily data in the nineties revealed a new wealth of properties such as daily seasonal heteroskedasticity. On this intra-day scale, simple models that still succeed in explaining daily or weekly time series no longer apply. Thus, the problem of aggregation arise: how can the properties of weekly price changes be covered by a model equation that focuses on a series of hourly price changes? 

           In response to the above-stated problem, this paper uses a fractal approach
 to construct model equations for short-term and long-term price forecasts such that they both share the same structure on different scales. Two new time scales, 
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 and τ are first introduced to model the strong seasonal and autoregressive heteroskedasticity present in intra-day foreign exchange (FX) data, and then successfully applied to a forecast model with a “fractal” structure for FX. This gives rise to the hypothesis of a heterogeneous market where different market participants analyze past events and news with different time horizons. The authors further support the hypothesis by the success of trading models with different dealing frequencies and risk profiles. 

B. Data Analysis

       Fractal properties that motivate the heterogeneous market hypothesis are found in FX data. They include the exhibition of scaling law as well as a mathematical similarity to fractional noise.

Exhibition of the Scaling Law

       A statistical study based on analysis time intervals t of different lengths show that FX data exhibit the scaling law, such that the relationship between  the mean of absolute logarithmic price change | x | and the time interval t over which price change is observed is expressed as :
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where the bar over 
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denotes the mean over a long sample, T is an empirical time constant, and D the empirical drift exponent
. The logarithmic price is defined as follows:
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with the bid and ask prices, Pbid and Pask.

           Results of the statistical study (shown above in figure 1) reveal a remarkably straight line on a double=logarithmic scale over a wide range of analysis time intervals, which is strong evidence of scaling law behavior in FX data.

A Time Scale V to Model Seasonality 

         FX rates, while exhibiting the scaling law (a fractal property) like self-similar fractals, are not self-similar fractals due to the daily and weekly seasonality of absolute FX price changes. Their fractal nature is more complicated and requires a deeper analysis. 

            Indicated in the graph below is the strong seasonality of the volatility of FX price changes. While the bold curve indicates no significant autocorrelation of price changes x over intervals of 20 minutes, the corresponding thin curve has a rich structure of significant peaks that indicates strong seasonality. Apart from these seasonal peaks, there should be a positive component of the autocorrelation that declines with increasing lag, corresponding to a natural decline in “memory” of volatility. However this cannot yet be analyzed as it is overshadowed by seasonality.

             Thus, a new time scale, 
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-time (also termed business time scale) is introduced. Modeled with the assumption of three main geographical centers of worldwide trading activity, the 
[image: image6.wmf]J

-time scale expands times of day with a high mean volatility and contracts the times of day with a low mean volatility as well as weekends with their very low volatility; so as to eliminate seasonality. Strong seasonality observed in analysis based on physical time virtually vanishes when analyzed in 
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-time. This is indicated by the following graph, where seasonal peaks have almost vanished; and instead, a steady, positive component of the autocorrelation becomes apparent.

Absolute Price Change : fractional noise?

From figure 2, we see that three effects are revealed in the deseasonalized data:

1) Behavior of absolute price changes is found to be very similar to “fractional noise”. Like fractional noise, a purely self-similar fractal, autocorrelations of volatility also follow a hyperbolic decline. However, it has to be noted that absolute price changes do not follow a pure fractional noise process. Absolute price changes are positive definite and have a skewed and fat-tailed distribution whereas the distribution function of pure fractional noise is Gaussian.

2) A certain “heat wave” effect is also exhibited by the residual deviation of the autocorrelation function from the pure hyperbolic fit. At time lags of about one or two business days, indicating the presence of the same market participants, the residual autocorrelation is higher than at lags of one half or one and a half business days, when different market participants on opposite sides of the globe at active.

3) Finally, the authors observe that the autocorrelation of absolute price changes behaves like a fractal in a specific sense - the use of hourly steps, or steps of working days instead of 20 minutes, reveal similar results. All exhibit the same hyperbolic long memory as well as the same “heat wave” effect.

C. The hypothesis of a heterogeneous market

         The recently found properties of volatility lead to the hypothesis of heterogeneous market as opposed to homogeneous market where all participants interpret news and react to it in the same way. This hypothesis is characterized by the following interpretations of the empirical findings:

1. Different actors in the heterogeneous market have different time horizon and dealing frequencies. (for example FX dealers and market makers have high dealing frequencies whereas central banks, commercial organizations and pension fund investors have low dealing frequencies). The different dealing frequencies clearly mean different reactions to the same news in the same market. The market is heterogeneous with a fractal structure of the participants' time horizon as it consists of short-term, medium-term and long-term components. Each component has its own reaction time to news, related to its time horizon and characteristic dealing frequencies.

2.  Homogeneous market, the more agents the faster convergent rate of the “real market value”. Therefore, volatility is negatively correlated with market presence and activity. In heterogeneous market, different actors agree on different prices and execute the transactions in different market situation. They create volatility and this is reflected in the empirically found positive correlation of volatility with market presence. 

3. Furthermore, the market worldwide is heterogeneous in geographical location of the participants, explaining the heat wave effect.

          The market participants of the heterogeneous market hypothesis also differ in other aspects beyond time horizons and geographical location: they can have different degrees of risk aversion, institutional constraints, and transaction costs.

D. Testing the Hypothesis

Intrinsic time : a time-scale to model volatility

            While the daily and weekly seasonal aspect of volatility has been modeled by V-time, non-seasonal, autoregressive clusters of volatility (as seen in fig 5 & 6) remained un-explained. To model all aspects of volatility, intrinsic time τ is introduced, where τ is defined as the cumulated sum of a market activity variable which is a statistical measure of very recent volatility. The τ- value at the j-th time series observation is defined as 
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= 1 hour is chosen to reflect short-term volatility. The factor k is calibrated in such a way that τ-time flows neither more slowly nor faster than physical time or v-time in the long-term average. As an alternative time-scale, the τ-scale expands volatile period and contracts inactive ones, following the behavior of the time series itself rather than that of an external clock. Since measurements of volatility are dependent on time resolution, different τ-scales can be defined with different “time yardsticks” 
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. Thus, in a heterogeneous market model, each market component can be modeled with its own τ-scale, reflecting its own perception of recent volatility.

A forecasting model with intrinsic time and fractal treatment of time horizons

            This paper’s heterogeneous market hypothesis is substantiated by the successful application of a fractal-structured forecasting model. This model uses intrinsic time τ and is first applied to FX rates. 

               Different forecasting intervals are treated with individual, independent forecasting models, but all of them with an identically structured forecast equation. The forecast of a price change is based on a linear combination of indicators which are the results of non-linear statistical operators. Time horizons of all these indicators are similar to the forecast time interval: short-term forecast are based on short-term to medium term indicators, long-term forecasts, on medium-term to very long-term indicators. 

               The indicator computations are based on τ-time, which expands periods of high volatility and contracts those of low volatility, thus better weighting the relative importance of events. Concurrently, the memory of the indicators becomes dynamic: short in high volatility periods and long in low-volatility periods

A forecast is made in two steps

1. A forecast of the intrinsic time interval τ from the current time point to the forecast time point, equivalent to a volatility forecast.

2. The price forecast: a forecast of the price change x from the current time point to the forecast time point.

Two measures: the direction quality and the signal correlation are used to measure the success of this forecasting model, such that

direction quality = percentage of forecasts in the right direction

signal correlation = correlation coefficient between the price change and its forecast. 

      All the results in Table 1 above are better than expected from random walk, the majority of them significantly so. For further evidence, the model was tested on deposit rates used in the transactions between banks. The following table 2 indicates a significant success of the model, such that results are even better than for FX rates in table1.

Trading models in heterogeneous markets

         Two profitable real-time FX trading models based on intra-day data also give support to the heterogeneous market. The two models give explicit trading recommendations under realistic constraints and have proved successful not only in sample but also out of sample and, in particular, ex ante, as shown in the following figure. 

Critical analysis of paper
E. Merits of paper
          The premise of this paper (heterogeneous market) may sound obvious but before this paper, no one has managed to significantly substantiate the hypothesis with evidence from empirical data.  The time scales and hypothesis developed in this paper are consistent with empirical data. Not only so, they enable us to build successful forecast and trading models. More importantly, the forecast and trading models, developed here from data on FX rates, apply not only to the FX market, but also to other financial markets (for example, US treasury bonds and interbank interest rates). In fact, the price forecasting model proves even more successful when applied to deposit rates than when applied to FX rates. All this suggest that this paper is a SEMINAL work and that its application may be potentially universal.

D. Flaws in paper
        While in many instances the paper refers us to other previous papers for mathematical justification of their models, in some instances mathematical justification is absent altogether. For example there is no mathematical justification for proving that the hyperbolic curve is a better approximation to the autocorrelation curve than the exponential curve. Some restrictions applied to the trading models are also limiting and idealistic: they assume an investor with a credit limit but no capital and, therefore do not include any interest on any capital. The accumulated profits are also not re-invested in the test. Such assumptions do not hold ground in the real world where it is highly unlikely that traders have no capital nor re-invest their profits. It should be noted, of course, that the model is a preliminary model. On the same note, future work to incorporate more realistic elements into the model should be carried out. 

        A few arguments in the paper do not serve to further the main thrust of the paper – which is to substantiate the hypothesis of heterogeneous market and disprove the traditional hypothesis of market efficiency. For example the power law and similarity of absolute FX price changes to fractional noise process. It seems that these points serve no other important purpose than to “promote” the fractal approach to analyzing financial markets. 

F. Significance of paper 
         Although the main thrust of the paper is to prove a relatively intuitive premise, the main significance of the paper lie in the implication of the premise, rather than in the premise itself. The paper paves the way for new definition of market inefficiency. Rather than simply conclude that financial markets are inefficient in the traditional sense, we could utilize this paper to formulate a new understanding of market efficiency. The FX market has many properties related to efficiency: high transaction volumes, a large number of market actors far from a monopoly situation, a more or less equitable access to information, a 24-hr market without business hour limitations, and, as a consequence of all these properties, low transaction costs. Therefore, a new definition of market efficiency might be based on the most directly quantifiable property: the size of transaction costs; rather than on instantaneous price adjustment. The simultaneous presence of different types of trader with different time horizons and strategies might also be another important criterion, although in a new sense: it provides a wider and more diverse set of possible transaction partners to each trader.

G. Conclusion and suggestion for future work
             In this paper, different fractal properties of FX data are observed: the scaling law and the behavior of absolute price changes which is similar to fractional noise. Two new modified time scales – 
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 and τ time are successfully used to reflect market activity. To explain these phenomena, the heterogeneous market hypothesis is proposed. This hypothesis is subsequently supported and evidenced by both the significant quality of a fractal approach to price forecasting, as well as by the stable profitability of trading strategies with different dealing frequencies. The traditional hypothesis of market efficiency
 is violated and some fundamental questions are raised. Market efficiency might be rejected altogether, or, more constructively, it might be redefined. 

          As mentioned above, while the results derived in the paper are sound and significant, certain assumptions limit the applicability of the trading models presented. Future work should work to incorporate the re-investment of profit as well as the interest on capital to render the models more realistic. With these more realistic models, the heterogeneous market hypothesis can then be put under more rigorous testing. Results in this paper demonstrate that the “fractal” approach would be useful for future market modeling. One proposal is to group different market participants into market components such that each component possesses unique trading characteristics different from the rest. Each component can then be modeled with its own intrinsic time. Future work may also include simulating the interaction of market actors following different strategies according to the heterogeneous market hypothesis. This gives rise to an interesting questions :what  if all market participants in the simulation followed the same profitable trading model as presented in this paper, will they all still manage to achieve profitability – or not? 

� The fractal approach to analysis is formulated as: Objects are analysed on different scales, with different degrees of resolution, and the results are compared and interrelated. In terms of time series analysis, it means different “time yardsticks”, for example hourly, daily, weekly, or monthly ones.


� A continuous Gaussian random walk exhibits a scaling law with a drift exponent of 0.5. However, freely floating FX rates have significantly higher D values of 0.59 and regulated FX rates have D values significantly lower than 0.52. Thus, the authors reject the Gaussian random walk hypothesis and reveal an important property of financial time series: freely floating markets can be distinguished in their statistical behavior from regulated markets. 


Drift exponent D


Freely floating FX rates                               ~0.59 


European Monetary System rates                  <0.5 


- DEM-NLG rate                                          0.24


- DEM-ITL (when ITL was in EMS)           0.48


- DEM-ITL (after ITL left the EMS)            0.59 





� The traditional, static efficiency definition relies on instantaneous adjustment to news and perfect, static market equilibrium at every moment. It purports that stable profitability is not possible in the long run. 








_1142427259.unknown

_1142431054.unknown

_1142431155.unknown

_1208760088.unknown

_1142427273.unknown

_1142428152.unknown

_1142427111.unknown

_1142427230.unknown

_1142427243.unknown

_1142426922.unknown

