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Random Potential Force and Abnormal Diffusion observed in Market Price Data 
 
In the late 18th century, Adam Smith applied the physics concept of force to market and 
introduced the concept of forces of demand and supply in economics, or "the invisible hands." This 
classical mechanics model of market has been the standard base of modern economics; however, it 
is less known that the price dynamics has never been confirmed scientifically by real market data.  
     About 100 years ago Bachelier introduced a random walk model of market price a little 
before the Einstein's famous paper on Brownian motion. It took nearly 70 years until his idea 
underwent a revaluation by the name of financial technology. In the formulation of financial 
technology the motion of market price is assumed to be a random walk without any market force. 
Although financial technology is now widely used in practical financial world, scientific validation 
is insufficient and deviations from real market data are pointed out.  
     Econophysics is a new frontier of science that is aimed to reconstruct economics by orthodox 
methodology of physics based on objective data analysis. Owing to the recent development of 
computer technology huge amount of detail market data are now stored and a lot of new empirical 
findings are established, such as power law distribution of price changes, long time volatility 
correlations and short time abnormal diffusions. 

Here, we analyze the high-precision data in yen-dollar exchange market for 6 years 
consisted of about 13 million prices in the period of 1995-2002. In our analysis, we observed 
potential force hidden in random motion of high precision market data. The center of the potential 
force is moving, and also its curvature is changing moment to moment. When the curvature is 
positive the force corresponds to the demand-supply force that acts stabilizing the market as 
anticipated by Adam Smith. On the other hand negative curvature potential, which has never 
been predicted, makes the market unstable like balancing a bar on a hand. 
 
     We introduce the following noise separation for the raw market price data of a US dollar paid 
by Japanese yen, ( )p t , where t  denotes a pseudo-time called the “tick time”, that is the count of 
transaction numbers. Since the original tick data, ( )p t , include a lot of noise, we need some 
process to reduce the random fluctuation before applying it to analyze the dynamics of short time 
scale. 
  

( ) ( ) ( )= +p t p t f t .                                (1) 
 

This equation shows the decomposition of tick price into slow dynamics and random noise. The 
first term in the right hand side is named the optimal moving average which is defined by a 
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weighted moving average over n ticks. The weights are calculated so that the second term ( )f t  
becomes an independent random noise. This type of noise separation is successfully applicable for 
any fragment of the data which contains more than 100 thousand ticks. 
      After successfully removing the random noise from the original noisy data, we introduce 
another moving average over past M optimal moving averages which is called the Super moving 
average to elucidate the center of the hidden force as 
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We confirm the following relation between the time difference, ( 1) ( )P t P t+ − , and displacement 
of price from the center at time t, ( ) ( , )MP t P t m− .  
  

( 1) ( ) ( ) ( )MP t P t P t P t+ − ∝ − .                      (3) 
 

The left hand term corresponds to derivative of price by time and the right hand term denotes 
difference of the price from estimated center of the force.   

From the observation of equation (3) the proportionality coefficient changes slowly as time 
develops and it takes both positive and negative coefficients. It also depends on the value of M.  
      If the market price fluctuation is described by a simple random walk, the slope of equation 
(3) can be estimated as zero mathematically. In the case of negative slope, the relation describes a 
random walker in an attractive central force. On the other hand, in the case of positive slope it 
corresponds to a random walker in a repulsive force with its center at ( )MP t .  By integrating 
from the center of force ( )MP t , we estimate the potential functions  for attractive force. Each of 
the potential function can be approximated by a quadratic function with a coefficient, depending 
on time t and the size of super moving average M.  

Analyzing the whole market data it is found that the M dependence of the coefficient is 
factorized by 1/( 1)M − ; therefore, the potential function is characterized by a time dependent 
coefficient ( )b t  which is independent of the bin size M of taking super-moving average: 
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Here, when ( )b t  is positive the potential force is attractive and the market is stable; on the other 
hand, when it is negative the market is unstable due to the repulsive potential force effect. 
 
      In this talk, we show the results of our potential analysis in Yen-Dollar exchange market including 
the data of terrorist attack on 9.11.2001, and intervention of the Bank of Japan.   
   We also study the statistics of derived equation (4), and show the abnormal diffusion in such 
moving potentials.  

 


