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How would a physicist analyze financial markets, and is this 
different from what economists currently do? 
 
-Reference:  
 Gerig (2011) To appear in Complexity. 
 
 
 

Physics of Finance? 



The supreme task of the physicist is to arrive at those universal 
elementary laws from which the cosmos can be built up by pure 
deduction.   

Albert Einstein, 1918. 
 
-What are the Universal Laws or Fundamental Principles that 
underlie economic phenomena? 
 
-How do we discover them? 

Physics of Finance? 



In the natural sciences, the fundamental principles that underlie phenomena 
are discovered through data and experimentation, often by searching for 
regularities that hold over a wide range of circumstances. 
 
 

This approach is rarely used in economics.  
 
 

Instead: 
 

-Economic theories are often based on assumptions about how the world should 
be and how agents should behave. 
 

-Fundamental principles are often agreed upon a priori, rather than discovered 
through empirical analysis. 
 

-Theories are often accepted and advanced based on mathematical elegance or 
rigor rather than correspondence with data. 

Science/Economics 



This method would seem strange to a scientist.  Why have 
economists adopted it? 
 
(1) Economic systems are mutable. 
 
(2) There is something compelling about thinking that economic 
 systems are okay—that they are in the hands of rational 
 agents and have a robust structure such that things are stable.   
 
(3) These theories serve as reference points to understand the 
 world. 
 
 

Why Different? 



Complementary to the approach normally used in economics can 
be the methodology of the natural sciences. 
 
-In the natural sciences, emphasis is placed on finding regularities 
in data.  (Data can tell you what is regular and universal, and 
therefore important by definition.) 
 
-Once regularities are discovered, then models are developed that 
explain these regularities. 

Proposal 



-My research focuses on phenomena in financial markets (with 
an emphasis on price fluctuations): 

 
(1) How large are price fluctuations? 
 

(2) How and why do prices move when people trade? 
 

(3) Why is trading automated? 

Outline 
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Very large price movements, such as stock market crashes, occur frequently.   
This is a regularity, i.e., it happens across the board for many different economic 
items. 

Extreme Fluctuations 



To understand just how large these price movements are, consider 
what it would mean if human heights behaved in a similar way.   
 

-Within your circle of friends, there wouldn`t be that much of a difference; most people 
would be between 5 to 6 ft tall.    
 

-In your city, someone would be over 30 ft tall.   
 

-In your country, the tallest person would likely reach 150 ft tall 
 

-The tallest person in the world would be over 1000 ft tall. 
 
 

This is not just a pedagogical exercise, it is important because many 
financial models assume that price changes are like heights, i.e., 
Gaussian distributed.  This is wrong! 

Extreme Fluctuations 



Outliers? 

One way to explain the discrepancy between observed stock returns and financial 
models is to consider large price movements as outliers—surprising events outside of 
the normal model.   
 
There are several reasons to do this: 
 
(1) There are good underlying reasons to assume a normal distribution for returns as a 
first guess, and there is no accepted theory for why it should be otherwise (although 
there are some good ideas floating around). 
 
(2) We usually explain large price movements in this way, as one-time events that can be 
controlled in the future. 



Universal Law? 

An alternative explanation is that something more fundamental is behind these 
events. 
 
There are several reasons to believe this is true.   
 
(1) Extreme price movements are not just observed for stocks; these events occur 
universally across traded items.   
 
(2) The empirical evidence does not show these events as statistical outliers.   
 
(3) There is evidence that the probability distribution of price returns is universal, 
that it deviates from the normal distribution in the exact same way for different 
items and over different time periods. 
 
 



Universal Law? 

Collapse of return distribution for economic prices.  
See also Gerig(2011), Vicente, Fuentes (2009)  and Fuentes, Gerig, Vicente (2009) 
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Regularities: 
 

-Trading influences prices (buying pushes prices up and selling pushes them down). 
 

-Orders are not placed all at once, but are spread out over time. 
 

-The more that is traded, the more that prices move, but with diminishing impact. 
 

-When trading stops, prices partially revert. 
 

Introduction 



Order Flow 

Original Orders 

-Because orders are split over time, order flow is somewhat predictable. 

Model 



-The more predictable a certain piece is, the less it can influence the 
price (otherwise price changes would be predictable). 

Pricing Model 

Transaction price. 
 
Sign of the transaction (whether it is a buy, +1, or a sell, -1). 
 
Predicted sign of the transaction based on the information available. 
 
Scale parameter that measures the degree of information asymmetry. 
 
Noise term. 
 



- The price response is concave while the order is executing. 
 

- The price response reverts after the order completes. 

Results 



- Given that trades influences prices and that larger trades have larger 
impact, it is optimal to split orders and trade through time. 

 

-When an order is split and transacted over time, it produces 
predictability in order flow that the market observes and uses to 
anticipate further transactions from the order. 

 

-The later transactions of the order are more predictable than the 
earlier transactions, so they impact the price less. 

 

-Prices revert after an order completes due to the market’s 
anticipation of further transactions from the order that do not 
materialize. 

Interpretation 
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-Global financial markets have changed dramatically over the past ten 
years. 

 
 

-Now, orders are mostly sent and matched electronically, whereas 
before, the bulk of orders were sent and matched manually. 

 
 

-Not only do computers aide humans in finding each other, now 
most trades themselves are computer driven. 

 
 

-If you were to transact in the market right now, the 
counterparty to your trade is more likely to be a computer than 
a human.  This computer is autonomous and makes trading 
decisions based on how it was programmed. 

 

Intro 



Figures from Hendershott and Moulton (2010). 

-A decade ago, NYSE listed stocks traded primarily at 
the NYSE in a manual fashion. 

 

-Over the last 10 years, the NYSE has become more 
automated (2002 OpenBook, 2003 Autoquote, 2006 
Hybrid) 

 

-In 2005, Regulation NMS eliminated the trade-
through protection for manual quotes. 

Figure from Angel, Harris, and Spatt (2010). 

The Demise of Traditional 
Market Making 



What Happens When Machines 
are Allowed to Trade? 

Volumes increase 

Figure from Angel, 
Harris, and Spatt (2010). 

 

Machines dominate  

Figure from The Lowdown On High Frequency 
Trading, Futures Magazine (2010). 

 

Prices are more efficient 
Hendershott and Riordan (2009) show that automated 
trades and quotes in DAX stocks contribute more to the 
discovery of the efficient price. 

Transaction costs 
are reduced 
 

Figure from Angel, 
Harris, and Spatt (2010). 



Why does automated liquidity provision dominate human market 
making? 
 

Why are prices more efficient? 
 

Who benefits and who is harmed? 
 

Why do transaction costs decrease and volumes increase? 

We develop a model that helps answer these questions. 

Questions 



INTUITION BEHIND MODEL:   
 

Automated systems allow securities/exchanges to be more tightly 
connected. 
 

Traditional: Market makers connect individuals through time, i.e., 
omeone trading in the morning to someone trading later in the day. 
 

Automated: Market makers connect traders across securities.  If two 
securities XYZ and ZYX are similar to each other, then a buyer in 
XYZ and a seller in ZYX who are trading at the same time can be 
connected through the trades of an automated liquidity provider 
willing to take the opposite side of each order. 

Model 



-By observing all trading contemporaneously, automated systems are able to price 
securities more precisely than humans.  As a result, they transact the majority of 
order flow and cause prices to be more efficient. 

 

-The presence of these automated systems has material effects on investors: informed 
investors make smaller profits and uninformed investors lose less money. 

 

• Informed investors make smaller profits because they must now compete with 
one another across securities. 

• Uninformed investors lose less money because they are able to transact 
through the liquidity provider to other uninformed investors in related 
securities. 

 

-If the uninformed increase their trading activity due to lower transaction costs, overall 
volumes increase and overall transaction costs are reduced.  

 

-These results match nicely with recently observed changes in US markets. 

Model 



- The techniques used by economists to analyze economic systems 
are different from those used in the natural sciences. 

 
- Using techniques from the natural sciences (and particularly 
physics) can complement economists work. 

 
- Many economic phenomena that a physicist would consider 
interesting and important are relatively ignored by economists. 

 
- This means there are many opportunities for physicists to study 
economic systems. 

 

Conclusions 



Thank You! 
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