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Abstract—In this work, the impact of economic cycle on a
stock price was investigated via the excess demand and
supply. The economic cycle was treated as external influence
which determines how the investor takes his decision on
trading. The external influence was prototypically prescribed
as a sinusoidal function, where excess demand and supply
were calculated using Ising Hamiltonian and the mean-field
technique in Econophysics. The fourth order Runge Kutta
was used to extract the investors’ demand/supply as well as
the stock price as a function of time. From the results, it is
found that the external influence characteristic and market
temperature have significant effect on the price changes,
resulting in different characteristic of price return
distribution. Specifically, lower external influence period
broadens the return distribution, whereas larger market
temperature results in an opposite way. This work therefore
serves as an elementary base of modeling stock price when
considering the external influence as dynamically changeable
periodic parameters, and suggest how price and price return
would react to this active behavior of the economic cycle.

Index Terms—Economic cycle, Econophysics, Ising model,
Mean-field, Stock market

I. INTRODUCTION

HE stock market is an important system for companies

to raise money, which supports both economic and
financial development of the country [1]. It is where a large
number of investors interact with one another as well as
external influences/information to determine the best price
for a given stock [2]. Typically, status of the stock market
can indicate overall economic conditions as the stock
market and the economic cycle are mutually dependent.
This is since investors tend to leave the market at economic
contraction and return to the market during economic
recovery leading to periodic cycle of stock price variation.
Generally, due to interaction among investors, even there is
not a solid bad news but if there is a panic sell, an
individual investor may lose confident to hold his stock and
sell to stop loss. Nevertheless, when there is panic buy, the
same investor may be inspired to buy unless he could be
fallen behind. In addition, the investors’ decision is also
shaped by external influences. For instance, if there is a

Manuscript received July 26, 2016; revised August 16, 2016.

Y. Laosiritaworn*, C. Supatutkul and S. Pramchuare are with the
Department of Physics and Materials Science, Faculty of Science, Chiang Mai
University Chiang Mai, Thailand (*corresponding author’s e-mail address:
yongyut_laosiritaworn@yahoo.com).

ISBN: 978-988-14047-1-8
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

succession of bad economic news, this tends to discourage
people from spending/investing leading to economic
recession. However, when the economy recovers, this will
encourage consumers to spend and invest more, which
leads to economic growth. External influence is then an
important factor to cause the economic cycle.

The economic cycle is a natural fluctuation of the
economy between periods of economic growth and
economic recession. Factors such as gross domestic product
(GDP), interest rates, levels of employment, consumer
spending, and government’s fiscal policy can help to
determine the current stage of the economic cycle. This
economic cycle also causes the periodic changing of the
price and return of the stock market [3], introducing “bull”
and “bear” periods. It is believed that recognizing “bull”
and “bear” cycles is a key to make money from stock
market. Also, the understanding of economic cycle may
help realizing when bubble and crash situations is about to
happen. Note that when the bubble bursts, there will be a
significant drop in the market value, which yields great
negative impacts on the economy. Therefore, it is essential
to possess knowledge that can comprehend the status of the
stock market to predict when these undesired situations are
about to occur. Recently, one aspect that can deal with these
situations is econophysics.

Econophysics combines both economics and physics to
seek for fundamental underlying about market dynamics,
investor behaviors, and wealth distribution in the
community using relationship among investors and
economical sources [4]. Concepts of classical mechanics,
thermodynamic, statistical mechanics, etc., are usually used
to solve problems in Economics [4]-[5]. There were many
recent studies proposed on the stock price using
econophysics techniques. For instance, the use of
continuous-time random walk to relate the waiting-times
and returns in high-frequency financial data [6], or the use
of Monte Carlo technique and Fokker-Planck equation to
solve for collective dynamics of stock prices [7]. There were
also works related to establishing volume-price relationship
of the stocks and predict the characteristic of the market via
distribution of the return (e.g. see reviews given in [8]-[9]).
However, most previous works considered effect of external
influences on investors as well-defined static values, e.g.
see [10]. Nevertheless, in real system, external influences
usually comprehend economic cycle which should be
considered as periodic functions. Therefore, this work aims
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to investigate the effect of the economic cycle, treated as
external influence, on buying/selling decision of the
investors. This external influence was prototypically
assumed as a simple sinusoidal function, and the decision
of buying and selling was determined by solving the Ising
spin Hamiltonian under the framework of mean-field theory
in statistical physics.

Il. THEORY AND METHODOLOGY

A. Ising Spin Hamiltonian and Econophysics

An important model in econophysics is the agent-based
model. This model was devised from statistical physics,
where the usual considered system is a magnetic system. In
the simplest one, the system contains magnetic spins, that
each can have only 2 possible discrete states, called Ising
spin. These different states can be applied to economic by
refereeing to states of an individual investor in stock
market, e.g. “+1” for intention to “buy or ask” and “-1” for
intention to “sell or bid”. The average of the all spin states,
called magnetization, can be related to average intention to
buy or to sell the stock each individual holds. For instance,
if the magnetization is negative, the investor may want to
sell his stock and the price of the stock may drop. However,
if the magnetization is positive, the investor may want to
buy and the price may increase. Nevertheless, for zero
magnetization, the current price is hold due to demand-
supply agreement.

In nature, all systems have least energies at ground state.
Therefore, by adopting the Ising energy (or Hamiltonian H)
into economics, the state of investors’ decision on buying
and selling actions can be described by [5]

H=-J Z 0,0 —hZO'i .

<i,j> i

M

As is seen, the energy or the Hamiltonian H in (1) is the
sum of 2 terms. The first term (-J Z<i 190 ) is due to the

interactions among spins with a strength J. Here, the spin
o = £ 1 is the Ising spin (investor, agent) where +1 and -1
are for tendencies to buy and sell, respectively. The notation
<i,j> considers only finite number of neighbor spins in the
sum. This is the same in real stock market as the influence
of buying or selling on an investor usually comes from
individuals that have close relationship to that investor.
Note that when all spins are equal to 1 or -1, H is
minimized (most negative), which is the case for ground
state in nature. In economics, this state can be referred to
extreme conditions where all investors go for panic buying

or selling. The second term (—hziai) in (1) is the

external influence, which could come from the company’s
financial situation, market trends, economic cycle, etc. The
positive h refers to the period of economic prosperity, where
people have purchasing power leading to an intention to
buy. Meanwhile, the negative h is for economic recession,
where the purchasing power declines inducing the excess
supply. Note that the sign of o is to follow the sign of h to

ISBN: 978-988-14047-1-8
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

Proceedings of the World Congress on Engineering and Computer Science 2016 Vol I
WCECS 2016, October 19-21, 2016, San Francisco, USA

minimize H.
In statistical physic, the solution to (1) can be defined
from the magnetization m=(1/N)>" o, , where N is the

total number of members in the system. Typically, m
depends on temperature T. At high temperatures, the
energy is abundant so each spin has sufficient energy to
break the bond specified by the interaction strength J.
Therefore, all spins arrange in a random fashion and m —
0. This is when demand and supply equivalently match in
stock market. Whenever there is a demand, there is always
a supply to close the deal, or vice versa, without taking any
limit orders. This reflects high liquidity level of that stock
in the market. Nevertheless, for low temperatures such as T
— 0, the system arrives in its extreme states either
overloading demand (m — +1) or supply (m — +1) states,
causing the price to dramatically change subsequently.
Also, not only T but also h that m depends on. If h is a
constant (a static condition), the system will arrive at an
equilibrium state where m is also a constant. However, if h
is changeable with time t (to mimic real economic cycle), m
will change with time t too, i.e. m = m(t). Further,
according to this dynamic behavior, once the system arrives
in its steady state, the relationship between m(t) and h(t)
will form a so called hysteresis loop, which the hysteresis
shapes indicate how investors’ decision depends on the
influences.

B. Mean Field Theory

To solve (1) for m(t) is generally very complicated due to
the large number of degree of freedom, arisen from number
of members in the system. However, one could simplify this
many body spin-spin interaction problems into a single
body problem where each individual spin interacts with
only an effective influence acting on itself via a mean-field
framework. In brief details, by considering the Hamiltonian
in (1), the dynamic of magnetization m under the influence
of the time-varying external influence h(t) can be given by
[11]-[12]

z’m =-m(t) + tanh B(E),

ot @

where 7 is the time interval of each spin changing its state.

In (2), the parameter ﬂ(E)zw describes the

B
conclusive effect from spin-spin interaction, the external
influences, and the temperature T. Here, z is the number of
neighboring spins that each individual spin interacts with,
S =1/kgT, and kg is the Boltzmann’s constant. Then, to
incorporate with the economic cycle, a simple case where
the external influence takes the simple sinusoidal harmonic
form, i.e.h(t)=hysin(27zt/P) where hy, and P are the

external influence amplitude and period respectively was
considered. For conveniences, z = 1 was set as unit of time
and by introducing reduced parameters T'=k,T /2zJ and

hy, =h, /23, it is possible to re-write (2) as [13]
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am(t) =-m(t) + tanh{
dt

m(t)+hy sin(Zﬂt/P)j @)

T/

which can be solved using the fourth order Runge-Kutta
method [14]. Next, the data (h(t), m(t)) was plotted to form
hysteresis loops which provide information how decision of
the investor varies with external influence.

C. Stock Price and Magnetization Relationship

In a stock market, there generally consists of 2 types of
the investors, i.e. fundamental and interacting investor. The
fundamentalist is assumed to know the fundamental
(reasonable) price Pgnq(t) of the stock. If the current price
P(t) is less than Pyng(t), the fundamental investor will be
likely to buy the stock, and sell otherwise. The amount of
selling/buying orders issued by a fundamentalist takes a
non-linear relationship with the differences between the
current and fundamental prices as [15]

Xfund (t) = afund Nfund (In pfund (t)_ln p(t)), (4)

where Xgng 1S the amount of fundamental orders, N is the
number of fundamental investors, and asq IS a constant.
Apart from fundamental orders, the interacting orders
are also important to determine where demand meets
supply. The interacting orders are supplied by interacting
investors, i.e. the spins in (1), and the interacting investors’
excess demand for the stock can be estimated from [15]

Xinter (t) = Sinter Ninterm(t) J ®)
where Xiner 1S the amount of the interacting orders, Niner IS
the number of interacting investors, and ajner iS another
constant. As a result, the market clearing price can be
defined from the demand and supply being in balance, i.e.

Xfund (t)+ Xinter (t): 0 or

km(t)

INp(t)=1In Py (t)+km(t) 5 p(t)= Prng (), (6)

N

A ey N L . .
where k =TIt g - Considering the price equation
Afund

fund
in (6), it is possible to classify the market in several
situations. For instance, for m(t) = 0, the market price p(t)
stay at the fundamental price pyng(t). On the other hand, for
m(t) > 0, there are excess demand which pushes p(t) to
surpass the prng(t), resulting in a bull market. Nevertheless,
for m(t) < 0, the price p(t) drops below the png(t), bringing
about bear period in the market.

It is also of interest to investigate the performance of the
proposed model via the return parameter

()= Inp(t)-Inp(t-7") _m(t)-m(t)

" ()
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where 7' is the time lag, and the fundamental price is
assumed unchanged during the considered economic cycle,
i.e. Prund(t) = Prna(0). Then, with histogram analysis
between N (r/) and r/, the relationship in the form [8]

' | ~(lt+a
N(rr’)oc|rr| (t42) (8)
is usually found, where 1+« is the exponent to the scaling
which is the characteristic of an individual stock market.

I1l. RESULT AND DISCUSSION

In order to obtain magnetization as a function of time,
the mean field equation in (3) was solved via the fourth
order Runge Kutta method [14] with initial m(0) = 1.0 and
time step At = P/Np where P is the period of the external
influence, and Np is number of data point measured in one
cycle. This work considered {P,Np} = {1000,600} and
{100,300}. Next, the period average magnetization

Q =(I0Pm(t)dt)/P was used to judge how many cycles to

discard for steady state, i.e. when Q is no longer time
dependent [16]. The considered external influence and
temperature parameters chosen in this work were hy = 0.5

and 2.0 J/z, P =100 and 1000 7, and T = 0.5 and 2.0 J/zkz.
These parameters were chosen to ensure the symmetric
behavior of the (m,h) hysteresis loop [13] which is unbiased
situation in the economic cycle. It was found that 500 loops
(cycles) were enough to reach the steady state. After that,
h(t), m(t), p(t) (with k fixed at 1) and r(t) for "= At were
recorded/calculated as a function of t, e.g. see Fig. 1.

As seen in Fig. 1, the external influence and temperature
both have significant on the m(t), p(t) and r(t). For instance,
with increasing T, the hysteresis loops become slimmer
suggesting lower phase-lag between h and other
corresponding m and p signals. This is expected as when
the market is with high liquidity, investors trade very often
where the price will either increase or decrease depending
on there is good news or bad news (sign of the h). In
addition, with increasing period P, the loops are also
broader. This is as the larger period of the news cycles, the
more time an investor has in responding to the economic
situation. Hence, both m and P have more chances to
promptly respond to h and hence yielding slimmer
(h(t),m(t)) and (h(t),p(t)) loops.

However, with increasing T, the return r changes from
spike-like function to an oval loop with major axis almost
lies on the h axis. This is sensible as when transactions
appear very frequently, e.g. buy and sell immediately; it is
unlikely for one to earn a lot which causes the return to
distribute close to zero. To elaborate, Fig. 2 shows the
distribution of the return, which confirms the effect of
temperature and external influences on broadness of the
return distribution. Exponents to the distribution were then
non-linear extracted [14] using (8), i.e. see TABLE I.
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Figure 1. The time dependence of h(t), m(t), h(t) and r(t), as well as their associated hysteresis loop for hy = 0.50 .
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IV. CONCLUSION

This work considered the effect of economic cycle (via
external influence cycle) in a simple sinusoidal form to
investigate excess demand/supply in extracting the stock
price variation as a function of external influences and
time. The relationship among the investors’ decision on
buying/selling, the stock price, and the price return were
investigated and compared with the value of the external
influence in both time and influence domain. The hysteresis
loop of the influence and the corresponding parameters
were drawn and discussed. Then, the price return
distribution was also analyzed to extract the exponent to the
distribution scaling. However, due to time-lag limited in
this work, the R? prevents quantitatively comparison with
real market. However, the exponent values still give
sensible results how the market reacts when changing the
external influence parameter and temperature, giving a
basis ground-base for further detailed analysis of the time-
lag dependence on price-distribution in the forthcoming
studies.
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