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Abstract: The recent April 2011 meeting of the G20 countries considered possible
development of a global early warning system to avoid any future financial crisis.
Psycho-economic factors are strong drivers of greed, fear and non-rational behavior and
experience shows that they should not be excluded from such a project. Rational, logical
behavior for attitude and actions has been an assumption in most financial models prior to
the advent of the 2008 crisis. In recent years there has been an increasing interest in relating
financial activity to phenomena in physics, turbulence, neurology and recent fMRI
experiments show that cortical interactions for decisions are affected by previous

experience.

We use an extension of two Lotka-Volterra (LV) interactive equations used in a model for the
2008 crisis but now with fluctuation theory from chemical physics to interact the two
previously used heterogenous interacting agents, the psycho-economic ratio C. of investor

expectations (favourable/unfavourable) and the reality ratio of equity/debt. The model
provides a variable, M, for uncertainties in C. arising from the ability of the economy to
affect the financial sector. A condition obtained for keeping rates of change in M small to
avoid divergence of spontaneous fluctuations, provides a quantifiable time dependent entity
which can act as a warning of impending crisis. The conditional expression appears to be
related to an extension of Ohm’s law as in a recently discovered “chip” and memory — the
memristor. The possible role of subthreshold legacies in C. from the previous crisis appears

to be possible and related to recent neurological findings.

Keywords: Psycho-economics, Financial crises, Interacting heterogenous agents, Lotka
Volterra equations, Fluctuation theory, Non stationary resonances, Memristor “chip”

analogy, Fluctuation theory.

Introduction

The 2010 perceived gradual recovery from the 2008 financial crisis is still uneven and far
from equilibrium across regions and countries with some situations vulnerable to relapse from
unexpected or sudden economic fluctuations despite earlier rescue efforts. The Euro debt
network and unease from the increasing debt in the US economy are two of the current

serious concerns.
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The recent April meeting of the G20 countries considered possible development of a global
early warning system to avoid any future financial crises. Psycho-economic factors are strong
drivers of greed, fear and non-rational behaviour and experience shows they should not be
excluded from such a project. Rational, logical behavior for at attitude and actions has been an
assumption in most financial models prior to the advent of the actions leading up to
(and followed up from) the recent 2008/2009 crisis. Motivated by Bouchard [4], and others in
recent years there has been an increasing interest in relating financial activity to phenomena in
physics, such as by Aoki and Yoshikowa [1], turbulence, neurology, Stix [17], and more
recently fMRI experiments by Gilbey, Caceda and Kitts [12] revealing the cortical
interactions for strategic action. The latter experiment showed that expectation performance
can depend not only on the insula (emotions) and superior temporal sulcus (anticipating other
peoples’ attitudes) but also on the accesses to the anterior cingulate cortex which is crucial for
new decisions based on results from previous expectations. Observation of activities during
and following the 2008 crisis led to our initial model involving human expectations
interacting with equity and debt.

In an initial study with these variables in the earlier global financial crisis we used a type of
coupled interactions model which reasonably portrayed the record of their changes during the
crisis and recovery during 2009 with the US economy reasonably steady.

We found how an extension of two Lotka-Volterra (LV) interactive equations, Murray [14],
plus fluctuation theory, can then be used to interact two heterogeneous interacting agents
(HIA) such as those discussed by Delli-Gatti et al. [9] and Chalry et al. [5]. We used the
psycho-economic ratio C. investor expectations (favourable/unfavourable) and the reality

ratio of equity/debt C, . Their interaction represented the occurrences of transactions.

The foregoing is the basis of a new model for practical development of a warning system and
now includes a variable M for a rating of the overall economy for its influence on the attitude
of the financial sector as in the current “recovery” period. With IT technology for collecting
progressive data for the resulting warning expression we find (in Section A proposed method
for warnings) that the model can indicate and help in dampening of divergence of unexpected
spontaneous fluctuations, which may also be triggered from sub-threshold legacies which are
now indicated as possible from the new model. The cross-disciplinary method presented for
warning and control may interest economic specialists to investigate the topic further.

Developments from the initial crisis model for current situations
From financial media during and following the 2008 crisis, we sought data for use with the
proportions of participants involved with two heterogenous interacting entities in the initial
LV model for the crisis and the subsequent period:
(i) The psycho-economic ratio of investors’ favourable to unfavourable expectations,
C. attimet.

(if) The associated ratio of equity to actual reality debt (C,).

As in LV models the density of transactions was represented by the interaction product C.C,

for stock exchange transactions which occurred from late 2007/2008 to the 2009/2010
recovery. From regular progressive financial media reports and other avenues enough
collected data was considered to have applied for what appeared to be segments of an LV
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orbit for us to test an LV model, at least over ranges of low-low, low-high, high-low and high-
high conditions of C. and C,.

The two variables C. and C_, were used as heterogeneous interacting agents, in the initial
model based on two LV Egs. (1) - (2).

dC, — ~ =
th = b1 MCE - ClcECD (1)
dC, - ~ =
dtD = _CZCD + b2C ECD (2)

The b and ¢ parameters can, in principle, be time dependent (Williamson [20]) and adjusted
from initial conditions as time progressed.

The barred notation for C_, C, and M was used for averaged values based on prevailing

conditions at the start of the crisis. M was used as market operators’ assessment rating of the
ability of changes in the economy to affect investors C. for decisions but not the actual

reality of the equity/debt ratio itself nor the subsequent actual transactions interaction C.C,
done in the market. The average value M was taken as steady (unity) at the early stage.

Eq. (1) shows the rate of change of the initially fast rising expectations ratio C. near late
2007 was quickly reversed in the start of the crisis by the recognition of the reality of the true
equity/debt in the transactions interaction density term proportional to C.C_. The decline of
the true equity/debt ratio C, in Eqg. (2) was moderated by a proportion of transactions being
made. Whereas M was initially taken as constant it now needs to be a variable, M (t) for
conditions in the present recovery period as will be seen in Section 4 because of interactions
now occurring between C. in the financial sector and M for the economy’s effects
(late 2010 onwards).

In Fig. 1 the X axis is C., Y axis C, both scaled 0 to 1 and the Z axis ordinate is a scaled
density of transactions represented from the product C.C, as in LV formulation of
interaction of species. There was a short lag time between C. and C, seen in separate C.
and C, graphic plots from Egs. (1) - (2), as awareness of debt reality leaked out.

The sequence of selling, 2008. Overlapped global components in the orbit

Our initial model started with the known conditions at the end of 2007 from a successive and
progressive number of individual starts (top left corner of Fig. 1). To show how the rapid
onset of selling transactions of overlapping global pathway inputs was represented, we show
an example in Fig. 1 with 25 global stock exchanges with correlated transactions to represent
20 different commercial and industry sectors with small time delays between the Exchanges
from different countries (left hand downwards orbit pathways). The short delays between each
transaction group gave a slightly different starting value for each entry into the pathway.
Correlations in equity sectors and major currencies were reported in later studies by
Aslanidis [3]. The correlated groups had a spectral range of frequencies in these selling

transaction sequences. We interpreted results as representative of a 1/f“ type of noise
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(1< a< 2) sequence ://(t). It had correlations of power spectra over a range of frequencies

and acted as 1+ y/(t) on the interactions term for C_C, in Egs. (1)-(2). Such interactions are

discussed by Doering and Horsthemke [19], Arnold et al. [2]. The results were reasonably
consistent with observations during the crisis (2008) and for the low level recovery
(2009/2010) as seen in Fig. 1. Exogenous bailouts and stimuli had then almost stopped the
global noise in the orbit trajectory.

10 00

Fig. 1 LV orbit showing scaled density of C_C, values (vertical axis) legacy late
2007 (top left corner). X axis gives C. and Y axis C, scaled O to 1. Transactions

span years 2008, 2009, 2010 returning ready for 2011. Closely spaced individual
global selling sequences 2008 Z axis represent transactions sequences with 1/ f
type correlated power spectrum subsiding in 2009 in recovery. Fluctuations
increasing in late 2010 near orbit end. Initial by, by, C1, C, and M at late 2007
were 0.5, 1.5, 0.2, 1.0 and M = 1.0, Cg(0) = 0.2, Cp(0) = 0.9 (adjusted for
temporal conditions). 2008 crisis selling transactions started down left vertical
axis from left hand corner of Fig. 1. The late 2011 fluctuations are shown at inner
pathway top left hand corner.

However, the post-crisis large scale re-evaluations of inter-bank transactions and derivatives
for new debt and equity results from large scale disentanglements (Rosenblat [15]) would
have a Brownian noise type property in the resulting sequences separated by white noise gaps.
Brownian noise separated by white noise gaps is known to provide a spectral power behaviour

of 1/ f* (Crandell [7]).
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The declining 1/ f ? type noise sequences gave a smaller effect on the transaction densities in

the recovery (2009 onwards). However, the small fluctuations in levels of expectations in
2009 and 2010 would be susceptible to spontaneous fluctuations as noted by Keizer [13] from
exogenous (or internal) sources, such as instabilities in the overall economy which

affect MC. .

Small fluctuations in the late recovery period

Any additional spontaneous fluctuations in the C. or M variable can, from fluctuation
theory, produce instability. Such fluctuations from uncertainty and fear could be triggered
from previous experience via media and communication systems which report daily on global
economics. Even a small number of sub-threshold levels can, if accessed from such
fluctuations, produce non-stationary stochastic resonances as shown by Fakir [17].
We suggest that such resonances could be possible even at a late recovery period, as follows:

Signs of fluctuations increasing in late 2010 (top left hand inner orbit) suggest a possible
legacy occurring by using properties of the windowed wavelet transform integral F on the
earlier 1/ f“ noise effect on C.C, during the 2008 global crisis. The C.C, values from noise
sequences had close, tight components at scales s; in 2008. This was seen from the localised
densities in 2D plots of superimposed pathways for the sequence of slightly delayed selling in
global exchanges. Therefore a windowed wavelet transform could reveal, Daubechies [8] and
Crandell [7b] where, and at what scales, appreciative contributions could occur again at a
quite different later time locale where scales s, are close in size to s;. The peaks and troughs

in C.C,, appearing in the orbit model plot near the end of 2010 may be explained in this way.
If so, they could have been susceptible to any spontaneous fluctuations at that time and
become unbounded if sub-threshold levels of C_, had they existed, had been accessed by

spontaneous fluctuations in C.. However, new strategic plans were announced by
Governments at that time but serious fluctuating uncertainties in M and C, have since been

increasing in Europe and USA. We must allow for changes in M , for the perceived ability for
transference of unstable effects in the economy to expectations in the financial sector,

i.e. M should now be a variable for its effect on C. in Eq. (1).

The mathematics changes significantly but statistical physics and fluctuation theory then
provide a method, as shown below, to avoid unbounded development of spontaneous
fluctuations in such conditions which are occurring far from equilibrium.

A proposed method for warnings

A method from stoichiometric chemical reaction physics, as used by Keizer [13] for
compensating for undesirable effects from any spontaneous fluctuations, can be applied to
prevent development of such occurrences as indicated above. If the time rate of change of the
averaged value of M could be brought close to zero in a third equation, Eq. (3), shown
below, by introducing a compensating function G(t) to keep M steady, it would allow LV
equations for averaged variables to still apply. G(t) can act as an early warning indicator by
virtue of the magnitude of its increase or decrease in value, required to keep M steady.

%—'\fz—bll\ﬁc_:E +G(t)=zero (3)
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The application from fluctuations theory and chemical physics requires extended “chemical
bath” conditions and this resource requirement is represented by the large number of market
operators in our case.

Time scale for recovery
Relevant examples in the Keizer [13] paper using the foregoing approach in chemistry, show

the stability achievable using several examples corresponding to our I\ﬁ/c2 values of 10, 5, 1

over time t scaled as c,t/3. Computations of G(t) from progressive data for %—'\f+ b, MC,,

from Eq. (3), could provide a warning from the changes in the value required for G(t). Also
we note that M/c, can provide a time scale for recovery. The c; relates to the proportion of

debt ratio C, . Our variables have then been utilized for use in a warning system.

Legacy, neurology and Ohm’s law
We note an interesting analogy of the required condition G(t):bll\ﬁ(_:E, to the recent

extension of Ohm’s law in the form V =1.R(q), in the earlier prediction by Chua [6] and

now found and actually produced by Strukov et al. [18], Versace and Chandler [19] as the
“memristor” (memory resistor) chip. The symbol q is the charge which has passed through the
resistance R. The resistance R(q) retains memory of the previous charges q which have passed
through it. It has instigated new neurology research into human decision making processes

(see foregoing references). We ask the question, in our case, could C_ be analogous to R(q)

and b,M (relative influence of the economy on C_) be analogous to a current I. If so, it
would enable recent neurological findings to be incorporated in new economic studies.

Conclusion

The values for warnings of possible occurrence of the type of financial problem considered
could be generated for regulatory agencies of the type suggested by Stiglitz [16]. At present
financial strategy appears to be planned without considering the importance of psycho-
economic entities and genuine debt reality, along with the stability of the economy.

Current Government financial strategies have appeared to be mainly for “stand-by”, when
troubles appear. Information on changes in the required variables presented could be of value
in developing a warning system based on the value of G(t). Recently available ICT facilities
and some from “social networking” now increasingly applied to business could be of value
for the data required. A number of organizations are now handling many thousands of
conversations and reports per second, extracting and converting information to quantitative
forms for dedicated classes of data for business and technology.
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