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How to look at financial dynamics
from the view of physicists?

Good variable: price return R; (t)

* Probability distributions

* Temporal and spatial correlations
* Non-stationary dynamics

* Micro- or meso-scopic modeling



Complexity in modeling or human
experiment

Ri(t)=D{R; ()}, ;) +7,
e.g., D(.)=K> Rj(t)+J;

<IJ>
* Irregular interactions
* Non-local interactions

* Time dependent interactions
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Mantegna and Stanley, Nature 376 (1995)46

Financial index Y(t")
Return R(t",At) = Y(t'"+Ap) — Y (t")

Probability distribution P(R,A#

shorter At  truncated Levy distribution
longer At  Gaussian






Let R(t)=InY '+ —InY(t)
Auto-correlation of R
At) =< R(t+t)R(t') > — < R(t") >*

ot

oC e exponentially decay

Auto-correlation of |R|
A(t) =<|R(t'+t) || R(t") |> — <| R(t") \>2

oct 7 power-law decay!!
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* Others, e.g., symmetry analysis, phase
transition, renormalization group method, etc
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Herd behavior in a complex adaptive system

Li Zhao", Guang Yang®, Wei Wang®, Yu Chen®, J. B Huang*', Hirotada Ohashi®, and H. Eugene Stanley"’

"‘Department of Phwysics and State Key Laboratory of Surface Physics, Fudan University, Shanghal 200433, China; "Department of Systems Innovation,
Graduate School of Engineering, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-86546, Japan; and ‘Center for Polymer Studies and

Department of Physics, Boston University, Boston, MA 02215

Contributed by H. Eugene Stanley, April 7, 2011 (sent for review September 13, 2010)

In order to survive, self-serving agents in various kinds of complex
adaptive systems (CASs) must compete against others for sharing
limited resources with biased or unbiased distribution by conduct-
ing strategic behaviors. This competition can globally result in the
balance of resource allocation. As a result, most of the agents and
species can survive well. However, it is a common belief that the
formation of a herd in a CAS will cause excess volatility, which
can ruin the balance of resource allocation in the CAS. Here this
belief is challenged with the results obtained from a modeled re-
source-allocation system. Based on this system, we designed and
conducted a series of computer-aided human experiments includ-
ing herd behavior. We also performed agent-based simulations and
theoretical analyses, in order to confirm the experimental observa-
tions and reveal the underlying mechanism. We report that, as
long as the ratio of the two resources for allocation is biased en-
ough, the formation of a typically sized herd can help the system
to reach the balanced state. This resource ratio also serves as the
critical point for a class of phase transition identified herein, which
can be used to discover the role change of herd behavior, from a
ruinous one to a helpful one. This work is also of value to some
fields, ranging from management and social science, to ecology
and evolution, and to physics.

experimental econophysics | computational econophysics | market-directed
resource-allocation game | minarity game | agent-based model

allocation svstem. Accordingly, herd behavior is commonly seen
as a tailor-made cause for explaining bubbles and crashes in a
CAS with the existence of extremely high volatlity, Buat is this
“common sense” always right? Based on results of this study,
wi argue that herd behavior should not be labeled like the killer
of balance and stability all the time. Here we focus on the effect of
herding on the whole CAS for resource allocation, because it is
most important for as many agents (involving human beings) as
possible to survive in various kinds of CASs like social, ecological
or biological systems. Therefore, we shall not study or consider
the details on how to reach a herd through contagion and/or
imitating. In fact, our results are not dependent on the process
of herding formation,

Experiment

‘e design and conduct a series of computer-aided human experi-
ments, on the basis of the resource-allocation system (4, 11-13),
in order to study the necessary conditions for a CAS o reach the
ideal balanced state. Using this kind of experimental settings
will allow us o investigaie the herd behavior in a well regulated
abstract system for resource allocation, which reflects the funda-
mental characteristics of many CAls (14-17). Human partici-
pants of the resource-allocation experiment are  students
recruited from several departments of Fudan University. Before
the start of experiments, a leallet (as shown in ST Tews Part 1) was
provided which explains confisurations of the experiment and



What are the (potential) contributions?

-- universal and quasi-universal behavior

e  FIAEB—REETHEE KR

. FIAE—RNMEREEE IR

.  EFHE BRI RIS TR
SIS, HEIFFTOHE _I:E"b%

NEFFeME, FERLEERHE

BN



é@ﬁ#*%ﬁéﬁﬁﬁgﬁ

-E=$@wﬁ?M,ﬁiﬁﬁm

o T NSRS “fRiE” BTt

ﬁﬁ

SR W CRLIRERAR)

RHEIEL
, BLAR

\
~1
C/
i




RRATHIAH 57 B
* HR P ST 3 KX B 9T

* R AN N FH 18] 2R ) R 5 vk
5’%@%HIE§EHE@9€‘)€@%&%

* HASZIe
* e TR




PG 5 Rl T X EUARTE AT

Chinese and western stock markets

share common basic features,

such as probability distribution of returns,
auto-correlations of returns and volatility

but not all characteristics, e.g.,
higher-order time correlations,
cross-correlations of returns
Non-stationary dynamic behavior
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10 B ' ]
- Shanghai Index (1990-2009)

a  Daily data slope=-0.32(3)
+ Decoupled daily data slope=-0.30(3)
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|_everage and anti-leverage effects

Return-volatility correlation
L(t) =<R({t")|R(t'+t)|’>—-<R><| R[>
It measures the correlation between
R(t") and |R(t) [
LIS not time-reverse Invariant

* It IS Important since the auto-correlation
of returns Is small

Qiu, Zheng, PRE73 (2006) 065103(R), Rapid Comm.
Shen, Zheng, EPL 88 (2009) 28003
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How Is non-zero return-volatility correlation
created?

Is 1t Induced by asymmetric P(r) and
long-range time-correlation of volatility?

How does anti-leverage effect in China
originate?

* Economic, social and cultural systems
* Non-stationary dynamic effects



A retarded interacting model

L) =[1+ Y K@®rE-t]r(t)

r(t)=(R-<R>)/c Isthe normalized price-return
r(t') Isthe decoupled price-return
K(t) represents the retarded effect of the price return

In general

K (t) = —%L(t)

It may generate and remove leverage and
anti-leverage effects



0.6 T T T T | | | I | | | |
- . DAY oo Daily data (1959-2009) ]
04— crman «—-x Decoupled daily data (1959-2009) —
i a--a Min. data (1993-1997)
+--+ Decoupled min. data (1993-1997)
0.2 - B
e " ARl o e “
L (t) 0 “,S/k_\ . X * \ X %_‘_ - x /X\ " AZA# 3%’ o Sk ++ x Q
i A%g; QoY §§4$5§éiﬁ§‘oﬁgfkggé 3 X B R TR e [ Xjo¥s™e O %
/ A AAA Q ¥ 0o A5 5B 0] g o ©o 4
F 8o OaLS Q9 6% 6 R © &°
: :"AX'O ShN o} S © o ©
A oV 0 3NO) ©
02— ¢ &0 B
tifd
B2 |
# Leverage effect
0.4 — -
1 | 1 | 1 | 1 | 1 | l I 1 | '
0 10 20 30 40 50 60 70 80

t (day)



0.6 I | I I I I

0.4F

0.2

L) o

oo Daily data (1990-2009)
Anti-leverage effect ~ x--x Decoupled daily data (1990-2009) |
-0.4 |- s Min. data (1998-2006) —
+--+ Decoupled min. data (1998-2006)

] I ] I ] I ] I ]
0 10 20 30 40 50

t (day)




T T T T T T T 1T T ' |
Shanghai Index
-1 O x —]
10 +a &5 ° Daily data (1990-2009) 3
- vt A \ N
~ 0 5 4o oto \\ o P+ (r) .
- Ay 4 a g " ox \\\ A \ x P-(r) -
i “+ 4,0 0 o= v a Decoupled P+ (1) |
P (r) £ o0 O
+ON s \ + Decoupled P- (1)
2 A o0 x
10 = aX, OA \\ =
: B0 :
i German DAX 4 %\\ slope= -3.80 i
- X A -R< —
 Daily data (1959-2009) ! Y ]
x n
s ° Pr@® N el
10 E X P- (r) &Xo +h\r|- —:
- s Decoupled P+ (r) R e -
B y AR ]
-+ Decoupled P- (1) Aol \ ]
RN | IR . bmlmelllll |
10° 10" 10° 10"
r

(2)




10 B ' ]
- Shanghai Index (1990-2009)
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L_arge volatilities dominate

the leverage and anti-leverage effects
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New observation

In recent years, it has changed to the leverage
effect In Chinese stock markets. This is similar to
such a crossover for the bank interest rate in
Western countries at the beginning of last century.

In fact,
1990-2000 Anti-leverage effect

2000-2005 zero effect
2005- Leverage effect
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Cross-correlations between stocks

The sector and subsector structure In
Chinese stock markets 1s unusual



Cross-correlations of individual stocks

We define the normalized return
R—<R >

O;
the cross-correlation

C; =<r(t)r, (") >

r(t', At) =

Compute probability distribution of Cij,
Eigenvalues and eigenvectors of {Cj; }

Shen, Zheng, EPL 86 (2009) 48005
Qiu, Zheng, NJP 12 (2010) 043057



PHYSICAL REVIEW E 76, 046116 (2007)

Collective behavior of stock price movements in an emerging market

Raj Kumar Pan* and Sitabhra Sinha’
The Institute of Mathematical Sciences, C. I. T. Campus, Taramani, Chennai 600 113, India
(Received 5 April 2007; revised manuscript received 5 July 2007; published 25 October 2007)

To investigate the umiversality of the structure of interactions in different markets, we analyze the cross-
correlation matrix C of stock price fluctuations in the National Stock Exchange (NSE) of India. We find that
this emerging market exhibits strong correlations in the movement of stock prices compared to developed
markets, such as the New York Stock Exchange (NYSE). This is shown to be due to the dominant influence of
a common market mode on the stock prices. By comparison, interactions between related stocks, e.g.. those
belonging to the same business sector, are much weaker. This lack of distinct sector identity in emerging
markets is explicitly shown by reconstructing the network of mutually interacting stocks. Spectral analysis of
C for NSE reveals that, the few largest eigenvalues deviate from the bulk of the spectrum predicted by random
matrix theory, but they are far fewer in number compared to, e.g., NYSE. We show this to be due to the relative
weakness of intrasector interactions between stocks, compared to the market mode, by modeling stock price
dynamics with a two-factor model. Our results suggest that the emergence of an internal structure comprising
multiple groups of strongly coupled components 1s a signature of market development.
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Indian market shows still group effect

Chinese market Is much more emerging
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Variation of two-factor model

() =B, () + ol (1) + olr, () + oy, (1)

m: market mode
g. group interaction
p: profit-group interaction
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From the signs of the components In
the eigenvectors, we may detect
subsectors.

The subsector structure Is stronger In
the Chinese stock market

The positive and negative subsectors
are anti-correlated each other

N
y K K LI
Cij = E A, C i Ciy = U U

a=1



A Ao A3 A
Sign 4+ - + — + - + —
Sector  Null ST Trad Tech ST  SHRE Weak Stro
uf:j:{],US 26 31/35 22/23 23/25 24/27 27/27 23/26 24/26
uf:i{],lil 7 20/23 16/17 12/13 11/12 20/20 13/15 15/16
A5 g
Sign + — + —
Sector  Fin  Null [G Null
uE=£0.08 14/18 25  15/17 25
v =4010 10/14 17 8/9 18

Table 3. The sectors and subsectors in the SSE. The fraction is the number of stocks
in the subsector over the total number of stocks. Null: no obvious category; ST:
specially treated; Trad: traditional industry; Tech: high technology; SHRE: Shanghai
real estate; Weak: weakly cyclical industry; Stro: strongly cyelical industry; Fin:
finance; IG: industrial goods; Util: utility; Basic: basic materials; Heal: health care;



A; A A A3 Ay
Sien + — + — -+ — + —
Sector  Util Tech CG  Basi  Tech CG  Null Null
uf =008 26/26 3/4 9/16 23/26 15/26 14/32 26 25
uf =010 25/25 0/0  0/0 19/21 6/13 13/19 18 12
=012 21/21 0/0  0/0 19/21 5/T  5/6 7 §
A; An A6 A7 A8
Sien + - + — + — + —
Sector Basi Null Null  Fin  Tech Serv  Serv  Heal
uf=20.08 6/6 0 14 16/20 11/24 12/29 9/19 9/16
uE =010  0/0 8 8 16/18 7/13 10/18 8/11 8/13
uE =012 0/0 4 2 8/11  4/7 8/11 5/5 T/7

Table 4. The sectors and subsectors in the NYSE. The abbreviations can be seen in
the caption of table 3.
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VLIC XMI DJA DJI DJT DJX IIX IXIC MID NDX NWX
OEX PSE RUA RUI RUT SML SPC GDAXI GSPTSE
AORD HSI HSNC HSNF HSNP HSNU JKSE KS11 N225
NZ50 PSI STT ATX

bond6mo bondlvr bond2vr bond3vr bond5vr bond7vr
bond10yr bond20vyr

AEX BFX FCHI FTSE GDAXI MIBTEL SSMI

SHA SZA SHB S7ZB

HSI HSNC HSNP

AEX BFX FCHI F1SE GDAXI MIBTEL SSMI
SHA SZA SHB SZB

[IX IXIC NDX NWX PSE SOXX

XMI DJA DJI DJU DJX bond3mo

bond3mo bond6mo bondlyr

bond7yr bond10vr bond20yvr HSNU

AORD JKSE KS11 N225 NZ50 PSI TWII

HSI HSNC HSNF HSNP HSNU bond3mo

BVSP IPSA MERV MXX XAX GSPTSE

Area
US

Asia
Bond

EU
China
HK
EU

US

US

Bond

Bond

Asia

HK

North America

Table 5. The sector and subsector structure in the GMI . The thresholds are

uT = +0.15. The bold Italic items are those which do not belong to the areas.
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Large-volatility dynamics

It Is time-reversal symmetric in the time scale
of minutes, while asymmetric in the daily scale

The asymmetry Is induced by external forces,
which are accidental in Germany, while
market-policy changing in China



Remanent and anti-remanent volatilities
(1) = [ REH) >, o]
The average Is over the events
|R(t'+t) |> ¢ =20, 40 ,60 ,8¢
The power law
v, (t)oc (t+7)

V() = jV(t')th(t +7) P P
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Why is it time-reversal asymmetric
In the daily time scale?

We classify the large volatilities into
Exogenous and endogenous events.



Date Event

92.05.21 Rally Chinese stock markets allowed free bidding transactions.

94.03.14 Rally The State Council announced that income from stock transfer
was exempt from tax this vear. and banned the arbitrary right
issue of listed companies.

94.08.01 Rally CSRC decided to suspend new coming IPOs, to control
the scale of right issues. and to develop mutual fund and
fostered institution investors.

95.05.18 Rally CSRC suspended the pilot program of the national debt and
future trading.

95.05.23 Crash CSRC declared large amount of deposits of IPOs in 1995.

96.12.16 Crash CSRC set a limitation for the price change in a trading day
in stock markets.

97.05.22 Crash CSRC and Central Bank controlled the fund investing
in stock markets.

01.10.23 Rally CSRC declared stopping reduction of state-owned shares.

08.09.19 Rally MFSAT declared reduction of the stamp tax rate in stock

transactions; SASAC announced support for central enterprises
and for holdings of listed companies to buy shares back.

Table 2: The 9 exogenous events corresponding to ( = 8¢ for the daily data of the
Shanghai Index. The total number of the large volatilities for { = 8¢ is 16. IPOs:
Initial Public Offerings; CSRC: China Security Regulatory Commission; MEFSAT:
Ministry of Finance and State Administration of Taxation; SASAC: State-owned
Asset Supervision and Administration Commission.



Date Event
62.05.29 Crash The big crash in NYSE in 05.28.
87.10.19 Crash Black Monday all over the world.
87.10.22 Crash
87.10.26  Crash
87.10.28 Crash
87.11.10 Crash
89.10.16 Crash Honecker in East Germany was forced to resign.
01.01.17 Rally Gulf War started.
91.08.19 Crash The coup against Gorbachev in Soviet Union.
07.10.28 Crash Asian Financial Crisis.
01.09.12 Crash Sep. 11 attack in US.
08.01.21 Crash Subprime mortgage crisis.
08.10.06 Crash
08.10.10 Crash
08.10.13 Crash
08.11.06 Crash

Table 3: The 16 exogenous events corresponding to { = 8 for the daily data of the
German DAX. The total number of the large volatilities for ( = 87 is 27.
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( 2 4o Oo 8
SHI(day)
oo | 0222)  0242) 018(3) 0.20(6) | En.
0.54(4) 0.80(T) | Ex.
b | 0232)  025(3) 0.16(4) 0.21(6) | En.
0.52(4) 0.51(5) | Ex.
DAX (day)
o | 028(3) 030(3) 037(3) 0.31(4) | En.
0.50(4) 0.76(6) | Ex.
pe | 0.25(2)  0.28(2) 0.31(3) 0.34(5) | En.
0.32(4) 0.35(4) | Ex.

Table 4: py of the endogenous (EN.) and exogenous (EX.) events for the daily data
of the Shanghai Index (SHI) and DAX.
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Conclusion

Chinese and western stock markets

share common basic features,

such as probability distribution of returns,
auto-correlations of returns and volatility

but not all characteristics, e.g.,
higher-order time correlations,
cross-correlations of returns
Non-stationary dynamic behavior
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How do volatilities affect the movement of
price returns?

* We need to compute volatility-return
correlation non-local in time, and
one detects 2-3% bias in Chinese markets,

e.g.,
L(t) =< O(| R(t") )R(t'+t) >

* Highly non-universal
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o--o Shanghai min-to-min data
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Thank you!

http://zimp.zju.edu.cn
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