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econophysics

According to Bikas Chakrabarti (2005, p. 225), the term
‘econoghgics’ was neologized in 1995 at_the second
Statphys-Kolkata conference__in_ Kolkata, (formerly
Calcutta), India, by the physicist H. Eugene Stanley,
who was also the first to use it in print (Stanley, 1996).
Mantegna and Stanley (2000, pp. viii-ix) define ‘the
multidisciplinary field of econophysics’ as ‘a neo-
logism that denotes the activities of physicists who are
working on economics problems to test a variety of
new conceptual approaches deriving from the physical
sciences’ . :

The list of such problems has included distributions
of returns in financial markets (Mantegna, 1991;
Levy and Solomon, 1997; Bouchaud and Cont, 1998;
Gopakrishnan et al, 1999; Sornette and Johansen,
2001; | Farmer and Joshi, 2002), the distribution of
income and wealth (Drigulescu and Yakovenko, 2001;
Bouchaud and Mézard, 2000; Chatterjee, Yarlagadda and
Charkrabarti, 2005), the distribution of economic shocks
and growth rate variations (Bak et al., 1993; Canning
et al., 1998), the distribution of firm sizes and growth
rates (Stanley et al., 1996; Takayasu and Okuyama, 1998;
Botazzi and Secchi, 2003), the distribution of city sizes
(Rosser, 1994; Gabaix, 1999), and the distribution of
scientific discoveries (Plerou et al., 1999; Sornette and
Zajdenweber, 1999), among other problems, all of which
are seen at times not to follow normal or-Gaussian pat-
terns that can be described fully by mean and variance.
The main sources of conceptual approaches from physics
used by the econophysicists have been from models of
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Growth in econophysics

“The physicists, however, did not present a parallel
perspective of this social science, at least not until
recently when eminent physicists like Eugene H.
= Econophysics in Google Scholar Stanley,.Bikas K. Chakrabarti, J. Doyne Farmer,
Jean-Philippe Bouchaud and many others having
o o B I joined the fray to create this new field which has
i now started to gain academic respect. ... As
mentioned, Kolkata, India, occupies a crucial role in
the history of this new science which has amongst
its pioneers an Indian face, too ...”
In the Editorial (pp. vii-viii)

Frequency

. So he (Bikas) started to have meetings on
econophysics and | think the first one was probably
in 1995 (he decided to start it in 1993-1994).
I Probably the first meeting in my life on this field that
@0 90 Y <D | went to was this meeting. In that sense Kolkqta IS
Y % % o o — you can say — the nest from which the chicken
was born and Bikas gets, deservingly so, a lot of
credit for that because it takes a lot of work to have
a meeting on a field that does not really exist, so to

say! ... So he should get a lot of credit for this. ..."

H. Eugene Stanley's Interview (pp. 73-78)

Histogram plot of numbers of entries containing the From IIM Kozhikode Society & Management

fjerm econiphﬁs'cs Vers‘ljs thf‘ Clo”e.Spond'”g year. The  peview, Vol. 2 (July 2013), SAGE Publications

ata are taken from google scholar site. © 2013 Indian Institute of Management
Kozhikode




Saha, Srivastava and the income distribution
analogy in kinetic theory of gases.

Suppose in a country the assessing department is required to find,)
out the average income per head of the population. They will proceed’
somewhat in the following way. They will find out the number of persons
whose income lies within different small ranges. For example, they will
find out the number of persons whose income lies between 10s. and 1ls.,
between 11s. and 12s. and so on. Instead of a shilling, they may choose a
smaller interval, say 6d. Then it can be easily secen that the number of per-
sons whose income lies between 10s. and 10s.6d.will be approximately half
the number found previously for the range 10s. to 1ls. We can generalize
by saying that the number whose income lies between x and x-dx: is ndx.
It should be noted that the number is proportional to the interval chosen
(dx). To get the average income they should choose the interval to be as
small as possible, say a penny. When this is not possible they will choose a
bigger interval but their results will be proportionately inaccurate.

To represent graphically! the income of the population they will plot
A curve with #, as ordinate and x as abscissa. The curve will be similar to
that given in Fig. 6. This will begin with a i\
minimum at 0, rise to a maximum at some .
point, and thereafter approach the axis of x, g
meeting it at a great distance. The curve will 3%
have this shape because the number of absolute
beggars is very small, and the number of million-
aires is also small, while the majority of popula-
tion have average income.

Income —*

Fig. 8.—Distribution of
income among persons.

In their textbook A Treatise
on Heat (1931) Meghnad
Saha and B. N. Srivastava
used the example of
reconstructing a distribution
curve for incomes to
illustrate the problem of
determining the distribution
of molecular velocities in
kinetic theory. The relevant
extract from page 105 of
their book prefigures
developments in the first
decade of this century
showing this indeed the
bulk of the income
distribution follows a Gibbs-
like distribution.




Distribution P(m) of Individual Wee
Income in UK / USA / Japan
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Fig. 1. (a) Distribution P{m) of individual weekly income in UK for 1992, 1997 and 2002; data adapted from Ref. [7]. (b)
Distribution P(m) of individual weekly income for manufacturing and service sectors in USA for 1992: data for US Statistical
survey, taken from Ref. [7]. The inset shows the probability distribution of individual annual income, from US census data of
1996. The data is adapted from Ref. [8]. (¢) Cumulative probability Q(m) = f: P(m)dm of rescaled adjusted gross personal
annual income in US for IRS data from 2001 (adapted from Ref [6]), with Pareto exponent i =2 1.5 (given by the slope of the
solid line). (d) Cumulative probability distribution of Japanese personal income in the year 2000 {data adapted from Ref. [9]).
The power law (Pareto) region approaximately fits to v = 1.96.
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Pareto’s Law of Income Distribution-Graph
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Market Exchange = Scattering Process
(“CC-CCM” Models)
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FIG. 2: Schematic diagram of the trading process. Agents i and j redistribute their money in the market: m;(t) and m;(t),
their respective money before trading, changes over to m;(t + 1) and m;(t + 1) after trading.
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Steady State Money Distribution P(m

ey
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25 ; 4m

(m) for the model with uniform savings. The data shown are for different values of
= 100. All data sets shown are for average money per agent M/N = 1.

FIG. 3: Steady state money distribution P
A: 0,0.1,0.6,0.9 for a system size N
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FIG. 4: Steady state money distribution P(m) for the distributed A model with 0 < A < 1 for a system of N = 1000 agents.
The 272 is a guide to the observed power-law, with 1 + v = 2. Here, the average money per agent M/N = 1.
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Steady State Money Distribution P(m)

FIG. 5: Steady state money distribution P(m) for a model with f = 0.6 fraction of agents with a uniform saving propensity
A1 = 0.6 and the rest 1 — f fraction having random uniformly distributed (quenched) savings, in 0 < X < 1 for a system of
N = 200 agents. Here, the average money per agent M/N = 1. The top inset shows P(m) in log-log scale for the full range,
while the bottom inset shows the cumulative distribution Q(m). In addition to the power law tail in P(m) and Q(m) (as in
the basic, distributed savings model), Q(m) resembles a behavior similar to observed in empirical data (see Fig. 1).




Steady State Money Distribution P(m)
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FIG. 15: Steady state distribution P(m) of money m in the commodity market with distributed savings 0 < A < 1. P(m) has
a power-law tail with Pareto exponent » = 1+ 0.02 (a power law function 2~ is given for comparison). The inset shows the
distribution P(c) of commodity ¢ in the same commodity market. The graphs show simulation results for a system of N = 1000
agents, M/N =1, C/N = 1.
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FIG. 16: Steady state distribution P(w) of total wealth w = m+ ¢ in the commodity market with distributed savings 0 < A < 1.
P(w) has a power-law tail with Pareto exponent v = 1+ 0.05 (a power law function ™! is given for comparison). The inset
shows the cumulative distribution Q(w) = f:," P(w)dw. The graphs show simulation results for a system of N = 1000 agents,
M/N =1,C/N = 1.




Asset transfer.. Contd.

e Utility maximization:
L=(x1)*(X2)P(My)* +w(My+p;3Q4-P1X1-PoXo-My)

utilitAnction Lagrénge budget eqn.

multiplier
e FOC: oL/ 6x=0 where x=x,X,,m; and w.

e Let us assume that o + § +A=1.
e Demand functions: X;= a(M{+p,Q,)/p4,

X,= B (M +p;,Q1)/py, M= A(M;+p;Qy);




Asset transfer.. Contd.

e Similarly dd. Functions for the 2" agent:
y1= (My+p,Q,)/pys Vo= B (My+p,Q5)/p,,
m,= A(M,+p,Q,)

e Market clearing == x,+y,=Q; & X,+Y,=Q,

e Equilibrium prices:
P1=(a/A)(M1+M,)/Q; & p,=(B/A)(M,+M,)/Q,




Asset transfer.. Contd.: CC model

e Money transfer equations (plugging p, and p, in the
money dd. functions) :

m,(t+1)= Am, ()+E(1- 1)(m, (O)+my(1))
m,(t+1)= Amy()+(1- €)(1- A)(m, (t)+m,(t))
where m,(t+1)= m, and m,(t)=M, for i=1,2
and € = a /(o + B);
® Let A be fixed and o~uni[0,1- A]~ B.
Hence, € = a /(a + )= o /(1- A) ~ uni[0,1].

Ref: Physica A 388 (2009) 4151-4158



A mean field analysis & Pareto distribution

The trading equation can be written as

m, —> Am +e[l-4)m +(1-4,)m,]

M, > Aym (- e)[(- A)m, + (@L- 4)m]

m.
where M; is the total number of agents having same 4.

_ _ — _ c is a constant, depending
m =Am +&(1-A4,)M, +C  onaverage moneyin the

2¢c system

_, 2cg(l-2c/m)

Considering p(m)dm =g(A)dA  We get p(m) = 2

Ref: P. K. Mohanty, PRE 74 (2006) 011117




A new measure of social inequality: k-in

Country g k
1 Brazil 0.62 0.73
4 Denmark 0.36 0.63
Tndia 0.45 | 0.66
~ ',.' Japan 0.31 0.61
; Malaysia 0.50 0.68
i e NewZeland 037 | 063
S5 2 Panama 0.44 0.66
iy H Sweden 038 | 064
;g £ Tunisia 0.50 | 0.69
';:\9 r 05 2 Uruguay 0.49 0.68
4 ;5 Columbia 0.55 0.70
E Finland 0.47 0.67
(k,1-k) 3 Indonesia 0.44 0.65
Kenya 0.61 0.73
Netherlands 0.44 0.66
B Norway 0.36 0.63
SriLanka 0.40 0.65
0 Tanzania 0.53 0.70
0 k 1 United Kingdom 0.36 0.63
Uruguay 0.49 0.68
cumulative share of n from lowest to highest w
Gini index = g = _A g-index and k-index values for income distribution
. (A1) of various countries of the world during the years
k-index = k fraction of wealth are possessed by 1 — k 1963 to 1983 as obtained analyzing data reported in
fraction of people. A. F. Shorrocks, Ranking income distributions,

Economica 50, pp. 3-17 (1983).
k=1/2 (or g = 0) = equality; k =1 (org = 1) = PP ( )
monarchy

A. Ghosh et al. Physica A, 410 (2014) 30
D



k-index for citations

Journals Year total g k University Year total g k
papers/citations papers/citations
1980 2904/178927 0.80 0.81 1980 4897 /225626 0.73 0.78
Nature 1990 3676,/307545 0.86 0.85 Harvard 1990 6036,/387244 0.73 0.78
2000 3021/393521 0.81 0.82 2000 9566,/571666 0.71 0.77
2010 2577,/100808 0.79 0.81 2010 15079/263600 0.69 0.76
1980 1722/111737 0.77 0.80 1980 2414/101929 0.76 0.79
Science 1990 2449/228121 0.84 0.84 MIT 1990 2873/156707 0.73 0.78
2000 2590/301093 0.81 0.82 2000 3532/206165 0.74 0.78
2010 2439/85879 0.76 0.79 2010 5470/109995 0.69 0.76
1980 - - - 1980 1678/62981 0.74 0.78
PNAS 1990 2133/282930 0.54 0.70 Cambridge 1990 2616/111818 0.74 0.78
(USA) 2000 2698/315684 0.49 0.68 2000 4899/196250 0.71 0.77
2010 4218/116037 0.46 0.66 2010 6443/108864 0.70 0.76
1980 394/72676 0.54 0.70 1980 1241/39392 0.70 0.77
Cell 1990 516/169868 0.50 0.68 Oxford 1990 2147/83937 0.73 0.78
2000 351/110602 0.56 0.70 2000 4073/191096 0.72 0.77
2010 573/32485 0.68 0.75 2010 6863/114657 0.71 0.76
1980 1196/87773 0.66 0.74 1980 32/170 0.72 0.74
PRL 1990 1904/156722 0.63 0.74 SINP 1990 91/666 0.66 0.73
2000 3124 /225591 0.59 0.72 2000 148/2225 0.77 0.79
2010 3350/73917 0.51 0.68 2010 238/1896 0.71 0.76
1980 639/24802 0.61 0.73 1980 450/4728 0.73 0.78
PRA 1990 1922/54511 0.61 0.72 lsc 1990 573/8410 0.70 0.76
2000 1410/38948 0.60 0.72 2000 874/19167 0.67 0.75
2010 2934/26314 0.53 0.69 2010 1624/11497 0.62 0.73

A. Ghosh et al. Physica A, 410 (2014) 30



Social opinion formation & kinetic
exchange model

0,1

O,(t+1) = 4,0,(t) + £ 4,0, (1) co(<t
O (t+1)=2,0,(t) + & 1,0, (t)

O0<eg(t),e'(t) <1 & 0<A,u <1




Uniform conviction-influence case

Let us consider
A=A =p,

O,(t+1) = 2(0,(t) +£0, (1))

lIi:.lll.Ei 0.68 S;TB 0.84 092

Oj(t+1):ﬂ’(oj(t)+gloi(t)) : O {J.ITE)\I T P

FIG. 1. Numerical results for the variation of the average

_ opinion O(t) for large ¢ (steady state value of O) against A,

. following dynamies of Eq. (2). (Inset) Numerical results for

O (t) - (1/ N ) ‘ 2 i Oi (t)‘ the variation of the variance (AO)? = (O — 0)2 against A,
following dynamics of Eq. (2).




Consider the stochastic
multiplier mar

O(t+1)=A@Q+¢£)O() (3)

INO|  =Ini@+&)+In0O|

> InA(1+e)=0

1 FIG. 2. Numerical results for the variation of the average
opinion O(t) for large t (steady state value of O) against A,
—> In A S —j In (1 + &£ ) d & following dynamics of Eq. (3). (Inset) Numerical results for
0 the variation of the variance (AQ)® = (0O — O)? against ),
following dynamics of Eq. (3).

— —[2In2-1]—> A_0 0.679




stochastic multiplier map ... cont'd

0= (1= p)Ou +p1, ()
where O, = (Opin + 1)/2. We have assumed that the

value O(t) stays in those two regions (from A to 1 and
exactly at 1) with probability (1 — p) and p. Hence, the T '
corresponding equations are 05k
Ot +1) = A1 +€)O(t) with probability 1 — p, oel
and %,4__
O(t + ].) =1 with probablllty p. 0.2_— ’{‘) §i 07, 007 015 0._)4—_
SUTTTIOO.
Note that the first equation is realized only if A(1 + v ve or, 08 0.
€)O(t) < 1 or € < €0. = ya— — 1. This cut-off implies
= fmaz = 1 _ 1 i~ 1 FIG. 3. Numerical results for the variation of the average
that p . fﬂ de ’x?ﬂﬂ 1] SIee € _unl[ﬂ?l] ’ B}" condensate fraction p(t) for large t (steady state value of i)
substituting O,, and p in Eq. (4), we derive the result against ), following dynamics of Eq. (2) in black diamonds,
h and dynamics of Eq. (3) in red circles. (Inset) Numerical
that results for the growth of p, following dynamics of Eq. (2) in
9 9 black diamonds, and dynamics of Eq. (3) in red circles, close
o DA+ 2A° — A" =2 (5) t0 Ae.
TS

which 1s compared with the numerical simulations for
A — 1 1in Fig. 6. It is evident that the approximation
holds well, only for A — 1.



stochastic multiplier map ... cont'd

2e+05 ; . ; . | . ; . ;

5000 , .
L] IQ—H]E_ AL B B AL L ]
1_5@+n5_— IE+05;_ _ ] 100k 1uu-un§ T |
po e ]m_ \* | 3U-DD— lmr\ i _
50000_— k lﬂﬂ%m n[&m &m 01_ I"gm}n-_ w m-n— — )
0 mA? # e e 1[H}|]-— H]B |‘)\ﬂm‘;\ | ﬂ-l —
40000 ——————————————————— L ra— T {.&nz_ )\') 001 0
o FIG. 4. Numerical results for relaxation time behaviors 7
20000 versus A — A, for (a) Multi-agent model with O (b) Multi-
= agent model with p (¢) Map with O (d) Map with p . (Insets)
L0000 Determination of exponent z from numerical fits of 7 ~ |A —
I Ae| 7.
! Ref: LCCC PRE 82 (2010) 056112
20000 .
Additional results:
15000
= P. Sen, PRE 83 (2011)016108
v 100 = S. Biswas, A. K. Chandra, A. Chatterjee & B. K. C
5000|- Journal of Physics: Conf. Series 297(2011)
o 012004.
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