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1.
W

hat kind of perturbations occur in the stock 
m

arket?

2.
C

ase study: Federal Interest R
ate change       

announcem
ents

3.
R

esponse dynam
ics before in addition to after 

m
arket shocks

O
utline

 M
otivation: A

 better understanding of 
response dynam

ics in financial m
arkets 

can help prepare em
ergency plans for 

financial crises



Part1) 
Typical perturbations in the Stock M

arket

•
Earnings forecast &

 report (quarterly)

•
U

pgrades, D
ow

ngrades

•
Stock split announcem

ent, D
ividends announcem

ent

•
G

eneric N
ew

s: unem
ploym

ent reports, consum
er 

confidence reports.......

•
Political events, national catastrophe

C
om

pany specific or global :

“The A
nnouncem

ent Effect”:  Both new
s and the anticipation of new

s can 
fundam

entally change expectations of future earnings, im
pacting m

arket value
 (D

em
iralp &

 Jorda, E
con. P

olicy R
ev., 2002)



Part 2: 

Probing 
m

arket response dynam
ics

using com
m

on Fed 
interest-rate changes 



2) Federal Interest R
ates  (set benchm

arks for banks)
•

T
he Federal Interest Target rate R

(t), is set by the U
.S

. F
ederal R

eserve (F
ed) at F

ederal O
pen 

M
arket C

om
m

ittee (F
O

M
C

) m
eetings (denoted by !

 ). T
hese m

eetings are scheduled in advance 
and announced publicly. Typically, there are 8 scheduled F

O
M

C
 m

eetings per year.66 FO
M

C
m

eetings!

2000
2002

2004
2006

2008
0 2 4 6 8

Interest Rate % 

F.F. (Target): R(t)
FO

M
C Scheduled M

eetings

Interest rates change by “step function” @
 FO

M
C

 m
eetings



2) Federal Interest R
ates  (set benchm

arks for banks)
•

T
he Federal Interest Target rate R

(t), is set by the U
.S

. F
ederal R

eserve (F
ed) 

at F
ederal O

pen M
arket C

om
m

ittee (F
O

M
C

) m
eetings (denoted by !

 ).

•
T

he Federal Interest Effective rate F(t), (Ò
overnight rateÓ

) is an open m
arket 

realization of the Target rate. 
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eetings

T
he Effective rate fluctuates around the Target rate



2) Federal Interest R
ates  (set benchm

arks for banks)
•

T
he Federal Interest Target rate R

(t), is set by the U
.S

. F
ederal R

eserve (F
ed) 

at F
ederal O

pen M
arket C

om
m

ittee (F
O

M
C

) m
eetings (denoted by !

 ).

•
T

he Federal Interest Effective rate F(t), (Ò
overnight rateÓ

) is an open m
arket 

realization of the Target rate. 

•
U

.S. Treasury B
ills B

(t), are a Ò
risklessÓ

 security issued by the U
.S

. Treasury.
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T
he T-Bill anticipates m

ovem
ent in the Target rate



2) Federal Interest R
ates  (set benchm

arks for banks)
•

T
he Federal Interest Effective rate F(t), (Ò

overnight rateÓ
) is an open m

arket 
realization of the Target rate. 

•
T

he Federal Interest Target rate R
(t), is set by the U

.S
. F

ederal R
eserve (F

ed) at 
F

ederal O
pen M

arket C
om

m
ittee (F

O
M

C
) m

eetings (denoted by !
 ).

•
U

.S. Treasury B
ills B

(t), are a type of security issued by the U
.S

. Treasury.
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reasury B
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A
 large set of frequent events to study!
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2) R
elative Spread betw

een F(t) and B(t) 
•

T
he value of the T-B

ill B
(t) is closely linked to the value of the F

ederal  
Target rate R

(t) and E
ffective rate F(t).

•
M

arket speculation, concerned w
ith w

hether or not the rate w
ill be 

changed and by how
 m

uch, causes anticipation (stress) in the m
arkets 

prior to the scheduled m
eeting announcem

ents.

12/14/2004

“Speculation” :

R
elative “Spread” !

(t):

!
i ≡

"(t)i,b

2

2.5

Interest Rate

6-M
onth T-B

ill:  B
(t)

Effective R
ate: F(t)
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(t)
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U
sing F(t) and B(t) w

e can quantify m
arket speculation



Part 3(a): 

- H
ow

 im
portant 

are Fed announcem
ents?

- C
an w

e quantify the speculation 
(stress) related to the financial shock?



3) M
arket volatility around FO

M
C

 m
eetings:  daily tim

e scale

•
D

aily m
arket volatility v(t) "

 ln[p
hi (t)/p

low (t)] is the high-low
 price range w

ithin one 

trading day calculated using daily price data for the top 100 com
panies in the S

&
P

500

•
!v

 (!
t) "=

                "  the average m
arket volatility !

t days before and after a F
O

M
C

 

announcem
ent (66 m

eetings i analyzed over 8-year period 2000-2008).

•
   W

e define F
O

M
C

 m
eeting volatility V

i  #  v
i  (!

t =
 0) 

-10
-5

0
5

10

 ! t  (day)

0.95

1.0

1.1

1.2

1.3

< v (!t) >

Bank
S&

P100 

Significant increase in m
arket volatility on FO

M
C

 announcem
ent days

}
~

 15-20 %
 increase in 

m
arket volatility!

�v(!
t)�

=
166

66

"i=
1 v

i (!
t)



Part 3(b): 

- R
esponse dynam

ics both 
after and before 
the tim

e of the 
Fed announcem

ent



3) M
arket volatility: intraday tim

e scale

n
q (t|d

t)=
1d
t !

�
0

v(t)
<

q
1

v(t)
"

q

N
(t)=

Z
t0
n(t �)dt �

•
D

ata analyzed: TA
Q

 (trades and quotes) for the top 100 com
panies in the S

&
P

500. W
e 

refined data for each transaction into 1-m
inute tim

e resolution tim
e series for each 

com
pany, together com

prising ~
 20 x 10^6 data values.

•
F

or each com
pany, w

e calculate the intraday m
arket volatility v(t) in units of the 

standard deviation #
 of the given com

pany, allow
ing for cross-com

parison

•
W

e next study how
 the rate of events above a volatility threshold q

 # 3
  evolves w

ith tim
e, 

before and after the announcem
ent of the interest-rate change occurring at tim

e T

T
F

O
M

C
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C
ascading aftershocks im

m
ediately after T
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A
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 T
F

O
M
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 90 m

in.



3) M
arket volatility: intraday tim

e scale

N
(t)=

Z
t0
n(t �)dt �

•
D

ata analyzed: TA
Q

 (trades and quotes) for the top 100 com
panies in the S

&
P

500. W
e 

refined data for each transaction into 1-m
inute tim

e resolution tim
e series for each 

com
pany, together com

prising ~
 20 x 10^6 data values.

•
F

or each com
pany, w

e calculate the intraday m
arket volatility v(t) in units of the 

standard deviation #
 of the given com

pany, allow
ing for cross-com

parison

•
W

e next study how
 the rate of events above a volatility threshold q
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ith tim
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3)  T
he O

m
ori aftershock law

 predicts the volatility 
decay pattern after a m

arket crash 
•

T
he O

m
ori law

 quantifies the rate n(t) of earthquake aftershocks

•
E

conophysicists use the O
m

ori law
 to quantify the decay of volatility 

aftershocks after m
arket crashes (Lillo &

 M
antegna, 2003; W

eber et al., 2007; P
etersen et al., 2010). 

W
eber, et al. 

  P
hys. R

ev. E
 76, 016109 (2007).

O
m

ori Law

N
(|t−

T
|)=

Z
tT
n(|t �−

T
|)dt �∼

!(|t−
T

|) 1−
"

O
m

ori-law
 aftershocks occur on all scales

T
=

0

n(|t−
T|)∼

!|t−
T| −

"
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0
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(b)
A

verage m
arket volatility

T =
 0 m

in
!

 =
 0.28

q =
 11 



•
W

e find that the O
m

ori law
 describes the decay of aftershocks in financial m

arkets 
follow

ing F
O

M
C

 new
s on the 1-m

in tim
e resolution for 19 F

O
M

C
 m

eetings in the        
2-year period 2001-2002.  

•
M

arket response is the sam
e for both financial new

s and financial crises, rem
iniscent of 

scale-free behavior found in m
any com

plex system
s.

3) O
m

ori response to FO
M

C
 new

s
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T
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O
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T
  is typically 2:15 pm

 ET
 

for scheduled m
eetings! 

(285 m
inutes)

T
he regularity in the F

O
M

C
 

m
eeting conditions allow

s us to 
aggregate and analyze m

any 
T

F
O

M
C  events

0
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M
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•
F

or each F
O

M
C

 m
eeting w

e quantify the m
arket response calculating 

the O
m

ori am
plitude " and the O

m
ori decay exponent #

 

•
W

e analyze both before and after T
F

O
M

C
 using the displaced tim

e 

3) 19 FO
M

C
 events

τ
=
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W
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m
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3) O
ther exam

ples
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Public statem
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C
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an G
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recovery of U
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y also 
triggers cascade!
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m
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3) O
m

ori response param
eters Ω

 and "
 

•
T

he S
peculation $

  quantifies the m
arket sentim

ent before the announcem
ent

•
In the case of $

 >
 0 , corresponding to bad m

arket sentim
ent and a possible rate 

decrease, the dynam
ics before and after the announcem

ent have large 
am

plitude ". A
 sm

aller decay exponent #
  represents a longer aftershock 

response-tim
e Δ

t
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B
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O
m

ori param
eter values 

are also consistent w
ith 

the Sign Effect
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•
T

he O
m

ori exponent <
!

a > is related to the am
ount of m

arket Ò
surpriseÓ

: 
B

igger surprise →
 longer tim

e for m
arket to adjust 

Sum
m

ary &
  Take H

om
e M

essage

•
T

he response of the stock m
arket is the sam

e for both financial new
s and 

financial crises, rem
iniscent of scale-free behavior found in m

any com
plex 

system
s.

•
O

m
ori law

 (pow
er-law

) describes the decay of aftershocks in financial m
arkets 

follow
ing F

O
M

C
 new

s (global perturbation) →
 m

arket cascades that can last 

for up to 3 days after T
 for banking com

panies

•
P

ossibility that there is a universal underlying m
echanism

 (e.g. non-linear shot 
noise) w

hich governs cascading dynam
ics in financial m

arkets for a large 
range of m

arket shock size  A
. M

. Petersen,  F. W
ang, S

. H
avlin, and H

. E
. S

tanley, M
arket dynam

ics
 

im
m

ediately before and after financial shocks: quantifying the O
m

ori, productivity, and bath law
s. P

hys. R
ev. E

 81, 
066121 (2010).

¥
A

 better understanding of response dynam
ics in financial m

arkets can help 
prepare em

ergency plans for financial crises
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T
itle:  Q

uantitative law
 describing m

arket dynam
ics before and 

after  interest-rate change 

A
bstract:

Inform
ation flow

s through various technological avenues, keeping the ever-changing w
orld up-to-date. A

ll new
s carries som

e degree 
of surprise, w

here the perceived m
agnitude of the new

s certainly depends on the recipient. In financial m
arkets, w

here speculation on 
investm

ent returns results annually in billions of dollars in transactions, new
s plays a significant role in perturbing the com

plex 
financial system

 both on large and sm
all scales.

In this talk I w
ill discuss the behavior of U

.S. m
arkets both before and after a large num

ber of financial shocks. A
s a first case study, I 

w
ill present the m

arket response to U
.S. Federal O

pen M
arket Com

m
ittee (FO

M
C) m

eetings, and show
 that the announcem

ent of a 
U

.S. Federal Reserve rate change! causes a financial shock, w
here the dynam

ics after the announcem
ent is described by an analogue of 

the O
m

ori earthquake law. This is the first study to quantitatively relate the size of the m
arket response to the new

s w
hich caused the 

shock and to uncover the presence of quantifiable preshocks. W
e dem

onstrate that the new
s associated w

ith interest rate change is 
responsible for causing both the anticipation before the announcem

ent and the surprise after the announcem
ent. W

e estim
ate the 

m
agnitude of financial new

s using the relative difference betw
een the U

. S. Treasury Bill and the Federal Funds Effective rate. O
ur 

results are consistent w
ith the “sign effect,” in w

hich “bad new
s” has a larger im

pact than “good new
s.” Furtherm

ore, w
e observe 

significant volatility aftershocks, confirm
ing a “m

arket underreaction” that lasts at least 1 trading day. 



3) the Sign Effect: 
A

sym
m

etric response to “bad” and   “good” new
s 

•
Sign Effect =

 m
arket volatility is larger in response to Òbad new

sÓ
 as com

pared to Ògood 

new
s.Ó

 R
ate decreases ($R

 <
 0), w

hich encourage borrow
ing and increase m

oney 

liquidity, typically correspond to bad new
s. 

•
$

 : quantifies the Ò
speculationÓ

 over a rate change in the w
eek before the F

O
M

C
 m

eeting

•
F

O
M

C
 m

eeting volatility V
i  #  v

i  (!
t =

 0) 
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S
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"
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"
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M
arkets are m
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“Speculation” :
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2) Federal Interest R
ates

•
T

he U
.S. Treasury B

ill B
(t), is a type of security issued by the U

.S
. 

Treasury. T
he ``T-B

illÓ
 com

es in several versions, distinguished by their 
m

aturity length (here w
e consider only the 6-M

onth T-B
ill).  T

hese 
securities are very risk free, as they are backed by the U

.S
. governm

ent.

¥
F

ederal Interest rates set a benchm
ark for banks in their day-to-day 

borrow
ing and lending activities. T

he F
ed rates serve as both a 

benchm
ark and a barom

eter for the U
.S

. and global econom
ies.

•
T

he Federal Target interest-rate R
(t), is set by the U

.S
. F

ederal R
eserve 

(F
ed) at F

ederal O
pen M

arket C
om

m
ittee (F

O
M

C
) m

eetings. T
hese 

m
eetings are scheduled in advance and announced publicly. H

istorically, 
there have been around 8 scheduled F

O
M

C
 m

eetings per year.

•
T

he Federal Effective  interest-rate F(t), (Ò
overnight rateÓ

) is an 
open 

m
arket realization of the Target rate. F(t) is a w

eighted average over all 
lending transactions each day, and oscillates around the R

(t).


