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revenues. A third category of participants, ‘traditional speculators’, play the role 

PG�DPVOUFSQBSUJFT�XIFO�DPOTVNFST�PS�QSPEVDFST�EP�OPU�mOE�BOPUIFS�DPNNFSDJBM�

counterparty to hedge their risks. These speculators are looking for a remuneration of 

UIFJS�SJTL�CZ�HBJOJOH�GSPN�UIF�VOEFSMZJOH�DPNNPEJUZ�T�QSJDF�nVDUVBUJPO��

Central to protecting the price formation mechanism of these markets is that 

speculators be restricted to a minority of participants: indeed as long as this is the case, 

their projections will be based, although indirectly, on fundamental supply and demand 

factors as these will determine the behaviour of participants looking to hedge. When 

speculators gain a dominant position in a commodity derivative’s market, they base their 

projections on the potential behaviour of other speculators, thereby disconnecting futures 

prices from fundamentals. Producers and consumers make commodities futures markets 

FGmDJFOU
�OPU�TQFDVMBUPST�

Figure 9: Increasing market share of commodity speculators

Traditional 
Speculator 16%

7%

Index 
Speculator 

Index Speculator
41%

 
 

 

 
 

Physical Hedger
31%

Traditional 
Speculator

28%

Physical Hedger  
77%

Long Open Interest – 1998 Long Open Interest – 2008

6RXUFH��&)7&�ÀJXUHV��FKDUWV�E\�0LNH�0DVWHUV��%HWWHU�0DUNHWV�64

Orderly functioning of commodity derivatives markets, as described in the previous 

paragraph, is not just important to protect the price of instruments traded, it also has a 

direct impact on the price of the underlying (physical) commodity. Because commodity 

spot markets are so dispersed (due, among other factors, to the cost of transportation), 

they have for a long time relied on local supply and demand to determine prices. As 

consumption and production went global, the price on spot markets started to be 
based on futures prices. For most commodities today, the reference price is the futures 

QSJDF
�BEKVTUFE�UP�MPDBM�TVQQMZ�BOE�EFNBOE�TQFDJmDJUJFT��

This is a very important phenomenon to understand as it is different from what takes 

QMBDF�PO�GVUVSFT�NBSLFUT�SFMBUFE�UP�mOBODJBM�VOEFSMZJOH�BTTFUT��5IF�QSJDF�PG�B�GVUVSF�

DPOUSBDU�SFMBUFE�UP�B�mOBODJBM�BTTFU�	FRVJUZ
�HPWFSONFOU�CPOEy
�JT�EFSJWFE�GSPN�UIF�QSJDF�

of the underlying asset and follows a relationship linked to the relative cost of carrying the 

GVUVSF�DPOUSBDU�BOE�UIF�VOEFSMZJOH�mOBODJBM�BTTFU��

In the case of commodity futures, the relationship is, in most cases, inverted because 

CVZJOH�UIF�VOEFSMZJOH�QIZTJDBM�DPNNPEJUZ�JT�NVDI�NPSF�EJGmDVMU
�DVNCFSTPNF�BOE�

costly (transportation costs, storage costs, etc.) than buying a government bond or 

B�CBTLFU�PG�TIBSFT�PO�UIF�TUPDL�FYDIBOHF��$POUSBSZ�UP�mOBODJBM�GVUVSFT�PO�TFDVSJUJFT
�

DPNNPEJUZ�GVUVSF�QSJDFT�mOE�UIFNTFMWFT�JO�UIF�QPTJUJPO�PG�ESJWJOH�UIF�QSJDFT�PG�UIF�

underlying assets. 

64 via Michael Masters testimony before the Commodities Futures Trading Commission, 25 March 2010.
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Source: CFTC figures
charts by Mike Masters, Better Markets.
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ever goes to commodity producers and that calling such funds ‘investment’ funds is 

therefore a falsehood: the only proper name to describe commodity index funds is 

‘speculation’ or ‘betting’ funds.

Figure 12 shows that assets allocated to commodity index trading strategies have risen 

from $13 billion at the end of 2003 to $260 billion as of March 2008, and the prices of the 

25 commodities (the orange line in the chart) that compose these indices have risen by an 

BWFSBHF�PG������JO�UIPTF�mWF�ZFBST�
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2. They distort the price discovery function of commodity futures markets, 
WKHUHE\�PDNLQJ�WKRVH�PDUNHWV�VLJQLÀFDQWO\�OHVV�XVHIXO�IRU�KHGJHUV�

5IJT�QPJOU�JT�FTTFOUJBM��UIF�AmOBODJBMJTBUJPO��PG�DPNNPEJUZ�NBSLFUT�IBT�UIF�FGGFDU�PG�

making commodity futures markets less effective for their real economic purpose, 

which is the hedging of risk for natural (real) buyers and sellers of commodities. This 

phenomenon happens for the following reason: commodity index speculators all behave 

according to one unique trading pattern and this has a strong distorting impact on the 

price discovery function of commodity futures markets as huge amounts of liquidity pour 

into passive long-only strategies. This, in turn, contributes to making commodity futures 

markets less and less economically useful for true hedgers.72 

While the traditional commodity speculator can bring liquidity to the market, taking 

long and short positions based on price variations (thereby contributing to both increases 

and decreases in prices and being able to provide ‘the other side of the transaction’ 

to hedgers), index funds always ‘consume’ liquidity as they follow long-only strategies, 

buying systematically large quantities of commodity derivatives for long periods of 

time.73 Moreover, their replication strategy has the mechanical effect of pushing prices 

IJHIFS
�UIFSFCZ�DSFBUJOH�CVCCMFT�BOE�GFFEJOH�UIF�TFMG�GVMmMMJOH�CVMMJTI�QSPQIFDJFT�GPVOE�JO�

commodity index fund marketing brochures.

Another major impact of index funds, as demonstrated by the team of Professor Bar-

Yam of the New England Complex System Institute (see Box 6), is the increase of volatility 

in physical markets. His research demonstrates that two factors play a special role in 

agricultural commodity price increases: corn-to-ethanol conversion and speculation 

72 For a complete description of this phenomenon, the reader can report to: Michael W. Masters June 24, 2008 
´7HVWLPRQ\ EHIRUH�WKH�&RPPLWWHH�RQ�+RPHODQG�6HFXULW\�$QG�*RYHUQPHQWDO�$IIDLUV�8QLWHG�6WDWHV�6HQDWH�-XQH�
��������µ

73 Most buyers of these Index-Funds are mutual or pension funds with long-term strategies.

+XJH�LQÁRZV�RI�LQGH[�
money distort futures 
prices for genuine 
hedgers

Commodity index funds 
have channeled $500 
billion of investment 
funds into what can only 
be described as ‘betting’ 

Source: Goldman Sachs, Bloomberg, 
CFTC Commitments of Traders CIT Supplement
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Typical market makers’ reaction time
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Analysis is based on the TRTH data source (details on slide 16).
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Information
‣ supply/demand
‣ interest rates
‣exchange rates
‣ inflation
‣economic conditions
‣ cost of production
‣weather
‣political stability
‣etc.

Prices



News Prices

Efficient Markets
(exogenous dynamics)

Prices are just reflecting news: 
the market fully and instantaneously 
absorbs the flow of information and 
faithfully reflects it in asset prices.

In particular, financial crashes are  
the signature of exogenous negative 
news of large impact.

Two views on price formation



News Prices News Prices

Efficient Markets
(exogenous dynamics)

Prices are just reflecting news: 
the market fully and instantaneously 
absorbs the flow of information and 
faithfully reflects it in asset prices.

In particular, financial crashes are  
the signature of exogenous negative 
news of large impact.

“Reflexivity” of markets
(endogenous dynamics)

Markets are subjected to internal 
feedback loops (e.g. created by 
collective behavior such as herding 
or informational cascades).

Prices do influence the 
fundamentals and this newly-
influenced set of fundamentals then 
proceed to change expectations, 
thus influencing prices.

Two views on price formation



Sources of reflexivity in financial and financialized markets

■ Behavioral mechanisms such imitation and informational 
cascades leading to herding;

■ Speculation, based on technical analysis, including 
algorithmic trading;

■ Hedging strategies (also increase cross-excitation 
between markets);

■ Pricing of “structured products” such as ETFs (also 
contribute to cross-excitation)

■ Methods of optimal portfolio execution and order 
splitting;

■ Margin/leverage trading and margin-calls;
■ High frequency trading (HFT) as a subset of algorithmic 

trading;
■ Stop-loss orders and etc.



■ Is it possible to quantify the interplay 
between exogeneity (external impact) 
and endogeneity (internal self-excitation) 
in price formation?

■How efficient are commodity markets?



“As a policy-maker during the crisis, I found the available models 
of limited help. In fact, I would go further: in the face of the 
crisis, we felt abandoned by conventional tools. In the absence 
of clear guidance from existing analytical frameworks, policy-
makers had to place particular reliance on our experience”.

Jean-Claude Trichet (2010)
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The model: Self-excited Hawkes process
Self-excited Hawkes process is the point process whose intensity 
λt(t) is conditional on its history:



The model: Self-excited Hawkes process
Self-excited Hawkes process is the point process whose intensity 
λt(t) is conditional on its history:

Background intensity Self-excitation part



The model: Self-excited Hawkes process
Self-excited Hawkes process is the point process whose intensity 
λt(t) is conditional on its history:

0 100 200 300 400 500 600 700 800 900 1000
0

20

40

60

80

100

120

Time

In
te
ns
ity

Exogenous activity

Endogenous feedback

Background intensity Self-excitation part



The model: Self-excited Hawkes process
Self-excited Hawkes process is the point process whose intensity 
λt(t) is conditional on its history:

Economic applications of the Hawkes model:
■ High-frequency price dynamics
■ Order book construction
■ Critical events and estimation of VaR
■ Correlated default times in a portfolio of companies
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Branching structure of earthquake sequences
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Branching structure of earthquake sequences

Crucial parameter of the branching process is the “branching ratio” (n)   
which is defined as an average number of “daughters” per one “mother”

For n < 1 system is subcritical (stationary evolution)
For n = 1 system is critical (tipping point)
For n > 1 system is supercritical (with prob.>0 will explode to infinity)
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n = 0.88



Branching structure of earthquake sequences

Crucial parameter of the branching process is the “branching ratio” (n)   
which is defined as an average number of “daughters” per one “mother”

For n < 1 system is subcritical (stationary evolution)
For n = 1 system is critical (tipping point)
For n > 1 system is supercritical (with prob.>0 will explode to infinity)

In subcritical regime, the branching ratio (n) is equal to the fraction 
of endogenously generated events among the whole population.

Time
0 0 01 1 1 1 1 1 1 12 2 2 22 22 2 23 3 3 34

n = 0.88



Selected Instruments

Instrument Exchange / 
Trading platform

Inception of 
electronic trading

Average monthly 
volume in 2012

Brent Crude ICE Europe / ICE April 7, 2005 4,009,582

WTI NYMEX / CME Globex September 4, 2006 5,482,223

Soybean CBOT / CME Globex August 1, 2006 1,493,210

Sugar #11 ICE US / ICE January 12, 2007 
(March 2, 2008) 909,178

Corn CBOT / CME Globex August 1, 2006 2,706,229

Wheat CBOT / CME Globex August 1, 2006 1,045,313

Sugar (Europe) LIFFE / NYSE 
Euronext November 27, 2000 82,955

E-mini S&P500 CME / CME Globex September 9, 1997 36,823,740



Data source

■ We have analyzed Front Month futures contracts of the instruments presented 
at previous slide. Rolling periods were ignored.

■ Data source: Thomson Reuters Tick History, that provides level-1 data (TAQ) 
with the millisecond resolution of timestamps.

■ In fact due to the FAST/FIX protocol handling, the reliability of timestamps in 
TRTH database is much lower than milliseconds and is defined by the typical 
time between consecutive FAST/FIX packages.

Table 3: Average and median uncertainty of the timestamps of events resulting from the
nature of the FAST/FIX feed. Dash lines (—) correspond to the time periods before the
introducing of electronic trading for the given contract (see table 1).

(A) Average uncertainty (in milliseconds)

Contract 2005 2006 2007 2008 2009 2010 2011 2012

Brent (EU) 332 222 105 98 107 115 165 167

WTI (US) — 326 208 133 144 137 141 110

Soybean (US) — 267 240 174 192 146 125 141

Sugar #11 (US) — — — 235 199 183 243 242

Corn (US) — 268 267 186 207 164 142 144

Wheat (US) — 287 281 211 213 146 147 141

Sugar (EU) 309 272 303 344 230 212 200 185

E-mini S&P 500 173 195 168 112 129 87 92 103

(B) Median uncertainty (in milliseconds)

Contract 2005 2006 2007 2008 2009 2010 2011 2012

Brent (EU) 227 118 35 26 24 30 65 68

WTI (US) — 199 80 62 61 62 59 22

Soybean (US) — 149 130 71 77 32 22 23

Sugar #11 (US) — — — 112 58 43 127 135

Corn (US) — 151 174 75 106 45 32 26

Wheat (US) — 174 179 91 86 29 30 22

Sugar (EU) 223 197 190 245 119 85 84 69

E-mini S&P 500 127 121 79 51 60 31 32 41

45

Median uncertainty in timestamps (in milliseconds)



Methodology

■ We split the entire interval of the 
analysis (2005-2012) into 10 minutes 
intervals, rolling them with a step of 
1 minute within the RTH

■ In each of these windows we have 
calibrated the Hawkes model with 
the short-term exponential kernel 

on the timestamps of mid-quote price 
changes

■ Each calibration resulted in a single 
estimation of the branching ration (n)

■ Collecting all estimates for each 
month (~6000-7000 estimates) we 
have averaged them to construct the 
“reflexivity index” for the given 
month
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Endogenous shocks in oil market

95

96

97

98

99

17−Sep−2012 [Mon]

13:00 13:20 13:40 14:00 14:20 14:40
0.4

0.6

0.8

1
104

104.5

105

105.5

106

15−Mar−2012 [Thu]

10:40 11:00 11:20 11:40 12:00 12:20
0.5

0.6

0.7

0.8

0.9

83

83.5

84

84.5
02−Jul−2012 [Mon]

09:20 09:40 10:00 10:20 10:40 11:00
0.5

0.6

0.7

0.8

0.9
85.5

86

86.5

87
11−Feb−2011 [Fri]

10:20 10:40 11:00 11:20 11:40 12:00
0.5

0.6

0.7

0.8

0.9
69

70

71

72

73

05−Feb−2010 [Fri]

10:40 11:00 11:20 11:40 12:00 12:20

0.6

0.7

0.8

0.9

105

106

107

108

23−Mar−2012 [Fri]

09:00 09:20 09:40 10:00 10:20 10:40
0.5

0.6

0.7

0.8

0.9

WTI Futures Contracts (2010-2012)
6 events that are associated with the largest values of the reflexivity index



Final remarks

■ We have proposed a novel powerful metric of the short-term self-
excitation of the price movements.

■ Our analysis of the commodity markets showed significant impact of the 
feedback mechanisms rather than fundamental news on short scales. 
Namely all analyzed commodities have reflexivity index of more than 
60-70%, which means that less than 30-40% of all price movements are 
due to external news.

■ We have identified extraordinary (even for financial assets) high short-
term reflexivity on oil futures during the crisis of 2008, which indicates 
high degree of short-term algorithmic trading over this period.

■ We have documented recent strong upward trend on the short-term 
reflexivity of the Sugar #11, which might indicate potential instability in this 
market.

■ For Soybean, Corn and Wheat we have documented strong increase of the 
short-term reflexivity index in 3rd quarter of 2010, which might be triggered 
by the export ban on Wheat by Russia and Ukraine.

■ We suggest that the proposed measure could be used for analysis of the 
nature of price anomalies, or even for the real-time diagnostics of the 
upcoming instabilities.


