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1. What kind of perturbations occur in the stock 
market?

2. Case study: Federal Interest Rate change       
announcements

3. Response dynamics before in addition to after 
market shocks

4. Can we relate the response dynamics to the 
magnitude of the financial shock?

Outline

 Motivation: A better understanding of 
response dynamics in financial markets 
can help prepare emergency plans for 

financial crises



Part 1: 
Perturbations that 
can cause financial 

shocks
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1) Perturbations
• A change in an external control parameter that takes 

the system out of “equilibrium”

• The change takes place over time-interval δt 

• The response time Δt (return-to-equilibrium time) 
can characterize the system as:

• a simple combination of system elements

• a complex combination of system elements

δt δt δt



1) Typical perturbations in the Stock Market

• Earnings forecast & report (quarterly)

• Upgrades, Downgrades

• Stock split announcement, Dividends announcement

• Generic News: unemployment reports, consumer 
confidence reports.......

• Political events, national catastrophe

Company specific or global :

“The Announcement Effect”:  Both news and the anticipation of news can 
fundamentally change expectations of future earnings, impacting market value
 (Demiralp & Jorda, Econ. Policy Rev., 2002)
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Today In Tech

The Economics Of Kindle

Lee Gomes, 06.24.10, 07:43 PM EDT

Why e-readers are looking like razors and razor blades.

SAN FRANCISCO -- When Amazon cut the price of its Kindle

e-reader this week from $259 to $189, it marked the latest move

in the transformation of a 21st-century industry--technology--to

one resembling a 19th-century one--safety razors.

Amazon's price cut came a day after Barnes & Noble ( BKS -

news - people ) cut $60 from the price of its Nook e-reader,

which now can be had for $139. Analysts said both moves were

a response to the apparent popularity of Apple's ( AAPL - news

- people ) new iPad, which has its own book reading software

built in.

The price reduction caught the

attention of iSuppli, an analysts'

firm known for taking apart gadgets

to estimate how much they cost

their manufacturers to put together.

According to iSuppli's figuring,

Amazon and Barnes & Noble are

no longer making money on the

e-readers, as the costs of the "bills

of materials" for the devices are

equal to what they're being sold for.

"With zero profits on their hardware, both these companies now

hope to make their money in this market through the sale of

e-books," iSupply says. "This is the same 'razor/razor blade'

business model successfully employed in the videogame

console business, where the hardware is sold at a loss and

profits are made on sales of content."

The razor/razor blade business model kicked off at the end of

the 19th century, when a Chicago businessman by the name of

King Camp Gillette began thinking of new ways to sell the

various components involved in shaving products. Variations on

the business model have become common; when film was still

popular, Kodak flooded the market with cheap Brownie and

Instamatic cameras, with the knowledge that they would get

people taking pictures. In the case of Amazon and Barnes &

Noble, of course, cheap e-readers presumably mean more book

sales.

E-readers aren't the first gadget to be offered at little or no profit

with the expectation of some future revenue stream, as that's

essentially the model for many gadgets. Except, of course,

those sold by Apple. A $500 iPad, says iSuppli, costs Apple just

$259.60 to make.
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1) Qualitative example of cascading price formation...
$60 Nook price cut→ $70 Kindle price cut



Part 2: 
Probing 

market response dynamics
using common Fed 

interest-rate changes 



2) Federal Interest Rates  (set benchmarks for banks)
• The Federal Interest Target rate R(t), is set by the U.S. Federal Reserve (Fed) at Federal Open 

Market Committee (FOMC) meetings (denoted by ■ ). These meetings are scheduled in advance 
and announced publicly. Typically, there are 8 scheduled FOMC meetings per year.

66 FOMC
meetings!
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2) Federal Interest Rates  (set benchmarks for banks)
• The Federal Interest Target rate R(t), is set by the U.S. Federal Reserve (Fed) 

at Federal Open Market Committee (FOMC) meetings (denoted by ■ ).

• The Federal Interest Effective rate F(t), (“overnight rate”) is an open market 
realization of the Target rate. 
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The Effective rate fluctuates around the Target rate



2) Federal Interest Rates  (set benchmarks for banks)
• The Federal Interest Target rate R(t), is set by the U.S. Federal Reserve (Fed) 

at Federal Open Market Committee (FOMC) meetings (denoted by ■ ).

• The Federal Interest Effective rate F(t), (“overnight rate”) is an open market 
realization of the Target rate. 

• U.S. Treasury Bills B(t), are a “riskless” security issued by the U.S. Treasury.
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2) Federal Interest Rates  (set benchmarks for banks)
• The Federal Interest Effective rate F(t), (“overnight rate”) is an open market 

realization of the Target rate. 

• The Federal Interest Target rate R(t), is set by the U.S. Federal Reserve (Fed) at 
Federal Open Market Committee (FOMC) meetings (denoted by ■ ).

• U.S. Treasury Bills B(t), are a type of security issued by the U.S. Treasury.
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A large set of frequent events to study!



2) Relative Spread between F(t) and B(t) 
• The value of the T-Bill B(t) is closely linked to the value of the Federal  

Target rate R(t) and Effective rate F(t).
• Market speculation, concerned with whether or not the rate will be 

changed and by how much, causes anticipation (stress) in the markets 
prior to the scheduled meeting announcements.

12/14/2004

“Speculation” :

Relative “Spread” δ(t):

Θi ≡ δ(t)i,b
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Using F(t) and B(t) we can quantify market speculation



Part 3(a): 

- How important 
are Fed announcements?

- Can we quantify the speculation 
(stress) related to the financial shock?



3) Market volatility around FOMC meetings:  daily time scale

• Daily market volatility v(t) ≡ ln[phi(t)/plow(t)] is the high-low price range within one 
trading day calculated using daily price data for the top 100 companies in the S&P500

• 〈v (Δt) 〉=                ≡  the average market volatility Δt days before and after a FOMC 

announcement (66 meetings i analyzed over 8-year period 2000-2008).

•    We define FOMC meeting volatility Vi ≡  vi (Δt = 0) 
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3) the Sign Effect: 
Asymmetric response to “bad” and   “good” news 

• Sign Effect = market volatility is larger in response to “bad news” as compared to “good 
news.” Rate decreases (ΔR < 0), which encourage borrowing and increase money 
liquidity, typically correspond to bad news. 

• Θ : quantifies the “speculation” over a rate change in the week before the FOMC meeting

• FOMC meeting volatility Vi ≡  vi (Δt = 0) 
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δ(t)≡ lnF(t)− lnB(t)

N = 66
   F =6.125
   p =0.016



Part 3(b): 

- Response dynamics both 
after and before 
the time of the 

Fed announcement



BY EYE:    

Returns non-Gaussian (known qualitatively, but under-appreciated!)

Large events cluster (like earthquakes) (already known qualitatively)

“Aftershocks” Omori-correlated (Lillo/Mantegna 03; Weber/Wang/Petersen/Havlin/HES 07)

QUESTION: can your eye see the power law? that it is inverse cubic?
Tuesday, December 15, 2009

3) Stylized facts for Market volatility at the intraday time scale

• “Fat tails”: Inverse-cubic power law quantifies frequency of price returns (fluctuations), 
which are far from Gaussian! (Mantegna, Gopikrishnan, Plerou, Gabaix, Stanley)

• Long-term memory: significant volatility autocorrelation for ~ several months                 
(Liu, Gopikrishnan, Wang, Stanley) 

• Significant cross-correlations between stocks: (Mantegna, Plerou, Bouchaud, Stanley)



3) Market volatility: intraday time scale

nq(t|dt) =
1
dt
×

{
0 v(t) < q
1 v(t)≥ q

N(t) =
Z t

0
n(t ′)dt ′

• Data analyzed: TAQ (trades and quotes) for the top 100 companies in the S&P500. We 
refined data for each transaction into 1-minute time resolution time series for each 
company, together comprising ~ 20 x 10^6 data values.

• For each company, we calculate the intraday market volatility v(t) in units of the 
standard deviation σ of the given company, allowing for cross-comparison

• We next study how the rate of events above a volatility threshold q ≡ 3  evolves with time, 
before and after the announcement of the interest-rate change occurring at time T
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Cascading aftershocks immediately after TFOMC



3) Omori aftershock law

• The Omori law quantifies the rate n(t) of earthquake aftershocks
• Econophysicists use the Omori law to quantify the decay of volatility 

aftershocks after market crashes (Lillo & Mantegna, 2003; Weber et al., 2007; Petersen et al., 2010). 

Weber, et al.   Phys. Rev. E 76, 016109 (2007).

Omori Law

N(|t−T |) =
Z t

T
n(|t ′ −T |)dt ′ ∼ β(|t−T |)1−Ω

Omori-law aftershocks
occur on all scales

T=0

n(|t−T |)∼ α|t−T |−Ω



• We find that the Omori law describes the decay of aftershocks in financial markets 
following FOMC news on the 1-min time resolution for 19 FOMC meetings in the        
2-year period 2001-2002.  

• Market response is the same for both financial news and financial crises, reminiscent of 
scale-free behavior found in many complex systems.

3) Omori response to FOMC news
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• For each FOMC meeting we quantify the market response calculating 
the Omori amplitude β and the Omori decay exponent Ω 

• We analyze both before and after TFOMC using the displaced time 

3) 19 FOMC events

τ = |t−T |
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3) Omori response parameters Ω and β 

• The Speculation Θ  quantifies the market sentiment before the announcement
• In the case of Θ > 0 , corresponding to bad market sentiment and a possible rate 

decrease, the dynamics before and after the announcement have large 
amplitude β. A smaller decay exponent Ω  represents a longer aftershock 
response-time Δt
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Part 4: 
Can we relate the 
response dynamics 

to the “magnitude” M
of the financial shock?



4) Market dynamics immediately before and after 
more common financial shocks... 

 • Fed announcements are just one type of market perturbation

• For many news events, it is difficult to know the exact time Tc of the news, so we 
develop method which uses a statistical criteria to find financial shocks of large 
magnitude M ≡ log10 V(Tc) and analyze 219 financial shocks of varying size in :         
A. M. Petersen,  F. Wang, S. Havlin, and H. E. Stanley, PRE 82, 036114 (2010) 

• Omori law: how does the rate n(t)  of volatility aftershocks (preshocks) decay 

with time? How do the amplitude β and exponent Ω depend on the main shock 

magnitude M?

• Bath law: what is the relation between the value of the main shock volatility V(Tc) 

and the value of the second largest aftershock V2, a (or preshock V2, b)?

• Productivity law: How many aftershocks (or preshocks)  above a given 

threshold can be expected after a main shock of magnitude M?

3 Questions:
 



4) Quantifying the regularities in financial shock cascades 

•     Another instance of a financial shock, corresponding to a public speech made 
by Fed chairman Alan Greenspan about the course of post-9/11 economic 
recovery and the “ ‘significant risk’ that an economic recovery would fail to take 
hold” - NY Times 01/12/2002 

• V(T) is the average 1-minute volatility calculated for the most-active 531 stocks
• M ≡ log10 V(Tc) is the magnitude associated with the largest volatility spike of the                  

largest volatility cascade

sponds to the opening bell at 9:30 a.m. eastern time !ET".
For comparison, we also analyze the average market re-
sponse N!t" of the S stocks under consideration, which
complements the study of individual stocks.

To demonstrate our approach, in Fig. 1 we plot V!t", N!t",
and also Nj!t" for four single stocks on 01/11/2002, a day
when there was a large market shock corresponding to a
publicized comment by the Fed chairman Alan Greenspan
concerning economic recovery which occurred at approxi-
mately Tc=255 min after the opening bell.

In order to compare the dynamics before and after the
market shock, we first separate the intraday time series N!t"
into two time series Nb!t # t!Tc" and Na!t # t"Tc". Then, to
treat the dynamics symmetrically around Tc, we define the
displaced time #= #t−Tc#$1 as the temporal distance from
Tc. As an illustration, we plot in Fig. 2 the time series on
01/11/2002 as a function of #. We then employ a linear fit to
find the # dependence of both Nb!#"$N!Tc"−N!#t−Tc#" and
Na!#"$N!t−Tc"−N!Tc" on a log-log scale to estimate the
Omori power-law exponents %b before the news and %a after
the news. By analogy, we define & to be the amplitude
&='!1−%" before Tc as &b and after the shock as &a.

III. METHOD FOR DETERMINING Tc

A. Calibration using FOMC announcements

We use n!t" to quantitatively determine times Tc in which
the market is moving together, possibly in response to an
external market shock or possibly as a result of endogenous
herding. In Fig. 3 we plot the average daily pattern for n̄!t"
and the standard deviation (!t". The values of n̄!t" and (!t"
are not stationary, so we remove the daily trend from n!t" by
defining the detrended quantity n!!t"$%n!t"− n̄!t"& /(!t". In
order to distinguish significant moments of market comove-
ment from background fluctuations, we use a significance

threshold which we obtained from the distribution of market
activity over the entire data set analyzed. Hence, we analyze
the quantity x!t" defined as

x!t" $ n!t"
n!t" − n̄!t"

(!t"
, !8"

which is the product of n!t" and n!!t". The value of n!t"
quantifies the size of the market comovement, while n!!t"
quantifies the significance of the market comovement. Be-
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FIG. 1. !Color online" Typical volatility curves on 01/11/2002
with market shock at Tc=256 min. !a" The cumulative volatility
Nj!t" for the stock of several large companies has varying behavior
before Tc, but each stock shown begins to cascade soon after Tc.
The market average N!t" over all S=531 stocks analyzed demon-
strates a distinct change in curvature at t=Tc. !b" The average mar-
ket volatility V!t" demonstrates a sharp peak at Tc, and also two
precursor events at t'190 and '230 min.
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FIG. 2. !Color online" !a" An illustration of Nb!#" and Na!#"
for the same set of curves plotted in Fig. 1. The displaced time
#= #t−Tc# is defined symmetrically around Tc=256 min on 01/11/
2002. !b" log10 Nb!#" and log10 Na!#" are linear with log10 # over
two orders of magnitude on a logarithmic scale. The Omori pa-
rameters in Eq. !5" calculated from N!t" are %b=0.09)0.01,
&b=0.21)0.01 and %a=0.32)0.01, &a=0.81)0.01.
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FIG. 3. !Color online" The fraction n!t" of the market above the
volatility threshold q is nonstationary through the trading day. We
plot in !a" the average daily trading pattern n̄!t" for S=136 stocks
and in !b" the corresponding standard deviation to demonstrate the
trends we remove in the normalized quantity n!!t". In practice, we
use the smoothed average of these curves in order to diminish sta-
tistical fluctuations on the minute-to-minute scale. For comparison,
we compute n̄sh!t"'0.23 and (sh'0.09 for shuffled vi!t". The val-
ues of n̄!t" provide an estimate for the background market comove-
ment that can be attributed to random fluctuations.
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sponds to the opening bell at 9:30 a.m. eastern time !ET".
For comparison, we also analyze the average market re-
sponse N!t" of the S stocks under consideration, which
complements the study of individual stocks.

To demonstrate our approach, in Fig. 1 we plot V!t", N!t",
and also Nj!t" for four single stocks on 01/11/2002, a day
when there was a large market shock corresponding to a
publicized comment by the Fed chairman Alan Greenspan
concerning economic recovery which occurred at approxi-
mately Tc=255 min after the opening bell.

In order to compare the dynamics before and after the
market shock, we first separate the intraday time series N!t"
into two time series Nb!t # t!Tc" and Na!t # t"Tc". Then, to
treat the dynamics symmetrically around Tc, we define the
displaced time #= #t−Tc#$1 as the temporal distance from
Tc. As an illustration, we plot in Fig. 2 the time series on
01/11/2002 as a function of #. We then employ a linear fit to
find the # dependence of both Nb!#"$N!Tc"−N!#t−Tc#" and
Na!#"$N!t−Tc"−N!Tc" on a log-log scale to estimate the
Omori power-law exponents %b before the news and %a after
the news. By analogy, we define & to be the amplitude
&='!1−%" before Tc as &b and after the shock as &a.

III. METHOD FOR DETERMINING Tc

A. Calibration using FOMC announcements

We use n!t" to quantitatively determine times Tc in which
the market is moving together, possibly in response to an
external market shock or possibly as a result of endogenous
herding. In Fig. 3 we plot the average daily pattern for n̄!t"
and the standard deviation (!t". The values of n̄!t" and (!t"
are not stationary, so we remove the daily trend from n!t" by
defining the detrended quantity n!!t"$%n!t"− n̄!t"& /(!t". In
order to distinguish significant moments of market comove-
ment from background fluctuations, we use a significance

threshold which we obtained from the distribution of market
activity over the entire data set analyzed. Hence, we analyze
the quantity x!t" defined as

x!t" $ n!t"
n!t" − n̄!t"

(!t"
, !8"

which is the product of n!t" and n!!t". The value of n!t"
quantifies the size of the market comovement, while n!!t"
quantifies the significance of the market comovement. Be-
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FIG. 1. !Color online" Typical volatility curves on 01/11/2002
with market shock at Tc=256 min. !a" The cumulative volatility
Nj!t" for the stock of several large companies has varying behavior
before Tc, but each stock shown begins to cascade soon after Tc.
The market average N!t" over all S=531 stocks analyzed demon-
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ket volatility V!t" demonstrates a sharp peak at Tc, and also two
precursor events at t'190 and '230 min.
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2002. !b" log10 Nb!#" and log10 Na!#" are linear with log10 # over
two orders of magnitude on a logarithmic scale. The Omori pa-
rameters in Eq. !5" calculated from N!t" are %b=0.09)0.01,
&b=0.21)0.01 and %a=0.32)0.01, &a=0.81)0.01.
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plot in !a" the average daily trading pattern n̄!t" for S=136 stocks
and in !b" the corresponding standard deviation to demonstrate the
trends we remove in the normalized quantity n!!t". In practice, we
use the smoothed average of these curves in order to diminish sta-
tistical fluctuations on the minute-to-minute scale. For comparison,
we compute n̄sh!t"'0.23 and (sh'0.09 for shuffled vi!t". The val-
ues of n̄!t" provide an estimate for the background market comove-
ment that can be attributed to random fluctuations.
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4) Omori law: response dynamics 

• How do the aftershocks (preshocks) decay with time around T

Indiv. StocksStocks Index

Crossover magnitude Mx ≡ log10 V(Tc) ≅ 0.5
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4) Productivity law (model free) 

• Given a time window Δt ≡ 90 minutes from the main shock, we quantify the 

relation between the number of aftershocks Pa(Δt) (or preshocks Pb(Δt)) 
above a given threshold q=3σ.
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(b)Πb = 0.38(7) Πb = 0.23(1)

Πa = 0.25(1)Πa = 0.48(4)

Pa,b(∆t)≡ Na,b(∆t)∼V (Tc)Πa,b
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The productivity 
exponent Π can be 
used to estimate the 
the expected total 
“size” of a financial 

cascade 



4) Bath’s law (model free) 

• How big is the biggest aftershock V2, a (Δt) or preshock V2, b (Δt) given a main-
shock volatility V(Tc) ?
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Due to a complex 
financial cascading 

mechanism (herding)
 which has strong 

memory properties, 
the aftershocks can be 
just as detrimental as 

the main-shock.  

B≡M1−M2 = log10V (Tc)− log10V2 ≈ 0.092



• In the case of FOMC news, the Omori exponent <Ωa> is related to the 
amount of market “surprise”: Bigger surprise → longer time to adjust 

Summary &  Take Home Message

• The response of the stock market is the same for both financial news and 
financial crises, reminiscent of scale-free behavior found in many complex 
systems.

• Omori law (power-law) describes the decay of aftershocks in financial markets 
following FOMC news (global perturbation) → non-trivial market correlations 

• Possibility that there is a universal underlying mechanism (e.g. non-linear shot 
noise) which governs the cascading dynamics in complex systems

• A better understanding of response dynamics in financial markets can help 
prepare emergency plans for financial crises



Thank You!



Title:  Quantitative laws describing market dynamics before and 
after  interest-rate change and other financial shocks 

Abstract:
Information flows through various technological avenues, keeping the ever-changing world up-to-date. All news carries some degree 
of surprise, where the perceived magnitude of the news certainly depends on the recipient. In financial markets, where speculation on 
investment returns results annually in billions of dollars in transactions, news plays a significant role in perturbing the complex 
financial system both on large and small scales.

In this talk I will discuss the behavior of U.S. markets both before and after a large number of financial shocks. As a first case study, I 
will present the market response to U.S. Federal Open Market Committee (FOMC) meetings, and show that the announcement of a 
U.S. Federal Reserve rate change  causes a financial shock, where the dynamics after the announcement is described by an analogue of 
the Omori earthquake law. This is the first study to quantitatively relate the size of the market response to the news which caused the 
shock and to uncover the presence of quantifiable preshocks. We demonstrate that the news associated with interest rate change is 
responsible for causing both the anticipation before the announcement and the surprise after the announcement. We estimate the 
magnitude of financial news using the relative difference between the U. S. Treasury Bill and the Federal Funds Effective rate. Our 
results are consistent with the “sign effect,” in which “bad news” has a larger impact than “good news.” Furthermore, we observe 
significant volatility aftershocks, confirming a “market underreaction” that lasts at least 1 trading day. I will follow up the analysis of 
FOMC market shocks with analysis of other market shocks of varying magnitude M = log V(Tc), where V(Tc) is the volatility of the 
market at the minute Tc of the main shock. We show that cascading of volatility before and after financial shocks exhibit statistical 
regularities by using conceptual methods from earthquake physics to address three questions related to Omori’s law, Bath’s law, and 
the Productivity law. Our results could be useful in the development and implementation of emergency response measures for times of 
financial crisis. 



2) Federal Interest Rates

• The U.S. Treasury Bill B(t), is a type of security issued by the U.S. 
Treasury. The ``T-Bill” comes in several versions, distinguished by their 
maturity length (here we consider only the 6-Month T-Bill).  These 
securities are very risk free, as they are backed by the U.S. government.

• Federal Interest rates set a benchmark for banks in their day-to-day 
borrowing and lending activities. The Fed rates serve as both a 
benchmark and a barometer for the U.S. and global economies.

• The Federal Target interest-rate R(t), is set by the U.S. Federal Reserve 
(Fed) at Federal Open Market Committee (FOMC) meetings. These 
meetings are scheduled in advance and announced publicly. Historically, 
there have been around 8 scheduled FOMC meetings per year.

• The Federal Effective  interest-rate F(t), (“overnight rate”) is an open 
market realization of the Target rate. F(t) is a weighted average over all 
lending transactions each day, and oscillates around the R(t).


