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Jdn this article we want to predict the dynamic behaviaour
of & portfolio of assets, i.e., we want to know how guickly &t

will move towards & new position of equilibrium - when

ary

unstable situation has ocurred due to important changes in the

risk, (and in some cases in the return? of the securities.

In order tao carry owt this forecast, firet we should
locate the points of equilibrium, then analyese their stability

and lastly determine where, and under what conditions,
digoontimuitios appear .

the

Changes in the return or in the risk of the securities
which make wup & portfelic can be smoath and this also brings

about & smooth change in the portfolio, which i ghown in

@

readjustment in its composition. However, it sometimes happens
that, while the expectation of return  remaing relatively
stable, clirocumsgtances arise which  considerably increase the

rigk, in which cagse & geriocus digcontinuity ocourrgs in’
Feature of the portfolio.

the

In this way, we can apply the methodology of Thom’s Theory
af Catastrophes in order to obtain valid conclusions using the
morpholoagy of the butterfly catastrophe for +the portfolio’s

feature (efficient, non-aefficient and opportunity

or

pesewdo~efficient), employing four control factors: return,

varisnce, transaction coste and risk aversion.
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ENTRODUCTEON

A portfolio ocan  be cherf A e [RER N Y] e propoariions
X oCd=1,...,n), of each of which make it up over
the total; Frowmn our point @ propoartions  will he
the variables af state. For each et  of values of these
variasbles which verifies with the condition § X, =1 we will have
the wunivoocal definition of portfolio. oo

(S 0 N3

Let us congider to be nn the total nunber of  se
existing on  the market, so that some of the x, components  may
be null if the corresponding security does not form part of the
composition of & determinate portfolio. In this way the number
of securities remains fixed a&nd equal to n, and & portfolio
will he defined by & point in the space TR Wer thus remove
the problem which would confront (¥ if we incorporated  or
dispense whith some securities and this would be reflected in
the change in the dimension of the support space.

Therefore, the variables of state x., which are positive
or null  and verify Ekx =1, dtemize completely the composition
of the portfolio and in  consequence, define 4it. From this
definition, it e obvious that & wingle security can make up &

portfolio.

When portfolios are asnslysed (both in the MPT as  in  the
CAPM) it dg considered that the elements which characterise
them {(control variables) are: ’

~ pxpected returns

-~ rigk dinherent in these returns

Basing ourselves on these two elements, portfalios can be
classified into efficient wand inefficient. A portfolio is
efficient if, given & certain retwrn, no other portfolio exists
with an equal return with has & lower risk level, or inversely,
if & portfolio exists with & certain level, there is no other
wich , having exactly the same risk, offers higher returns.

We are not going to get into a discussion on  the methods
uged to optimise and consequently select the portfolio (zee for
example Sharpe,(19%50), as thig is essentially timeleoss,
conforming at the most to & model of comparative cdynsmics; and
the few dynamic models which have been formulated cannot be
congidered as more than basic “"stochastic” formulae which are
outside the area this study iz focussing on.

Amongst other things, our aﬁalysis iz an attempt to study
the well knowrn situation that ocourrs when an efficient
portfolio no longer is o, due to objective causes on the stoock
mavr ket .

Az & result, it ie necessary to congider that, with time,
efficient - porfalios constitute equilibrium which wnder certain
circumztances, can lose its stability, giving way +to & new
state of the syztem.
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s explains the

We therefore need to  have & model whic

cdigcontinudties and ochanges in the surface of egudlibriam.
Thig model must be impl wtly dynamic  and we think it

approprigte to use the posibilities offered by the catastrophe

theory.

OFf &ll the restrictive hypotheses on which the analysis of
portfolios Qs based (MPT, CaPM, . ..), there are two which we do
not need to dinclude in the present work.

L

Iin the first place, we are nok going to restrict ourselves
to  the limitation of the temporsl hovizon. "That single,
common horizon allows we to congtruct & @ single-period model .
The model implies that dinvestars buy all the assets in thedr
portfaoliocs at one point of time &nd sell them at some undefined
but  common point  in the  future.' (D.R. Hgvringtaon, 1983).
Thig hypatesis, is in  any ase totally unreal and i
unnm(esﬁgry if owe carry out the dynamic snalysi
metheds provided by the catastrophe theory.

g uging the

Aleo, we will include the g b, i af congidering
transactiaon  cogte din our  amalyeis, which are not taken dnto
account in the present form of the portfolio selection theory.

23

The relaxing of the CAPM model hypotheses permits the
treatment of situations such se:
~ an inefficlent portfolio could becaming efficient in time
(or become morve inefficient).
~ The investor, covering the transasction costs, can convert an
inefficient portfolia into an efficient one (or thig is at
least what he hapes) by modifying ite composition.

With the conclusions we reach from analysing situations
such as the aoanes mentioned, we are able to study under which
circunstances  @&ll the efficient portfolios support the
buffetings of the market and paes from a state of equilibrium
to another, determining the type of equilibriun achieved wnder
the new situation.

There ic no veason to helilieve that only one path of
behaviour exists @&z, whether the recovery of an efficient
equilibrium de achieved by means of transaction (buying and
selling securities) or by a situation on the market, different
points can be reached by different paths (hysteresis).
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TOPLEES ON THE ANALYSLES OF PORTFOLLOS.

dorn of portfolid

The firgt model Ffor the
] by M. Maxr kovitz dn
Lnvestor should chooge, from between sl
ot investments, the one which minimizes risk

1HR . Bawically,

develope
that the
combinations
maximizes the expected return.

Ag it concerns an optimigation with more i one
objective, thiow i reduced by arvangement  of portfoliow
aceording to yield, and within those with the same level of

return, according to their level of risk.

TF we use E to represent the expected return and & &g an
adequate measurement for  the risk (normally  the standsrd
desviation of the expected returns in the partfoliod, T the wet
of portfolios denominated as efficient can bhe representad by

figure 1, (Sharpe, 1950).

E

Figure 1. The efficient set and boundary

of portfolios.
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of the
ghting

A portfolio’s return will be weighted

of  each one  of  the securiti

the propaoarti

The return, or profitability expected Ffrom & secarity,
narmal ly referraed ‘to &  period Ceranomic eexercisa), i
ations and using past

determined on the basis of fulture expec

Usually, this formala

used:

experience as a referaenc

Dividends + P -
Dividends -+ IMt lMtw1

Return =
PHtM1

whare PMT is the market price at the moment .

Somewhat more conmplex are the concept and the messuremernt
for the risk.

risk hn the definitian of
iaed by  the differences in
risk.

The introduction of the
@an  efficient portfolic is
individual behaviour when faced w

- If the individual iz completely aver risk, he  will

select a portfolio with no risk (made wup  of

fixed-income securities ), even at the cost of a possible low
return, or else he will invest @ll bis capital in ris
asset .

- If he iz & risk taker, he Ffully enters into Markovitz’s
analysis as  he ocouwld be an investor for a certain level of
ricsk/yield but not for another higher ane.

- If he iz & risk lover, he will choose those investments wii b
& high expected yield, withouwt botherimng about the level of
risk. ’

f TR

Az the greater part of the "normal’ investors bhelong to
the second category, since when pultting together & portfolio
they smeek to control the risk (although not eliminate it), W
need & form of measurement for the risk.

Normally, risk i ddentified with the variab
returmn. In a natural way, this suggests that the variance oar
standard desviation of the expected value of bthe profitability
e uged as the measurement of risk. In practice, these
meastrements have shown their wse as mbpmsed tey others whiach
BDPPeRT in  literature concerning portfolic analysis (N.R.
Harrington, 1983).

Lty of

The suggested measurement of risk ig  sufficient for
analysis of  an iwalated security. However , the rigsk of &
portfolio cannot be measured only as the welighted total of the
rigk of the yields on each of the securities, a relation whioch
can be measured by ite correlation or by ite covariance.

But when the portfolio has a certain number of securities,
the exce iver numbery of calculations necessary  makes the
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practical application of this methoed doubtful.

To remove this problem, different versions of Markovitz’s
mecle have been developed, one of them being the CAPM (Capital
A Pricing Model) . Ingtead of correlating the different
securities amongst themsalves, & point of reference known as
the ' market poartfolic Y dis ochozen, whioch 0o defined &g the
portfolic Farmed of all the securities present in the market,
thedr participation in the poartfolio being the same ae it ds on
the stock market .

A portfolia’s risk i then defined as the covariance of
the stock return with respect to the market return, that is to
S&EY , the only visk which 0. i

takens  cdnta a&ccount

sygtematic one; whi le the non stematic risk of each
ig eliminated by the formation of the portfolio.

"The CAPM reste an  eight sesumptions. iTh@ Firet five
agsumptions are  those  that underlie the efficient-market

hypothesis and thus underlie both MPT and the CAPM. The last
three assumptions are necesssry to create the CAPM from MPT.

The eigth assumptions are the following:

1. The investor ‘s objective ids to maximize the wti
termingl wealth.

2. Investors make choices on the
Return dis measured by the
returns . . -

3 Investorg have homogeneous expectations of rvisk and return.

4. Investors have ildentical time hovizons.

]

[5)

ity  of

risk and r
of these port-

ANE Ly
alio

Information is freely available to investors. .
h. There is & vigk-free asset, and investoars ocan borvow  and
lend at the risk-free rate.
7. There are no taxes, transaction costs, oy  other market
imperfections.
8. Total asset quantity is fixed, and all assets are marketable
and divigible.” ’
(D.R. Harvington, 1983, p.28) .

Bagsed on &ll these hypotheses, the CAPM model allows the
investor to select the optimunm portfolio according to his
preferences . .

The model has & very extensive usze and some of the market
hypotheses on which it ie supported have been converniently
contrasted. But there are athers whose general validity | isg
doubtful; in particular for us hypoteses 3, 4 and 7.
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o

THE CATAETROPHE

MECTHODOL.OGY  AND  THE ANALYSLES OF PORTFOL

The problem we want to solve b the  oane whid el araps
when ‘tLhe wnvestor  who  pos ‘ol whiiah wgp e
certain moment has proved to i
Fact thaxt othey portfol
me  Level k, @y &
portfol:

2

e
& higher return snod 4

3 wi
~Awmk oanca b
ricy langer

other words
boundary .

It ode obvious that thie

only happen aveyr @ perid
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el wikh the

“Treturn. n
el on efficient

el oof

i and i chuer raac:h bas by 1Lowmltack marke 2T Grg o
of the ARY: W COREXER I @ 6 guing ther

to bhe  perfoarmance &
securities who maciFy not only the expedc
rel i o S S TR :

LF the
oriterion
aptihmum within
‘that hecomes b2
i it omugt have r

Lhan,  and

rached @t i ko and  carry out

tiver  @analy

Ld brium

and  gquanti

portfolios.

We  are  going to  carry ot this analys:
: rad lry the catastrophe theory

Learcihrd g

dgeaxld anc

AR [

R @

roFrom b
way a dyr
ghven.

ory e

think sl AN e R

L6 GaErt be

We should point ouwt that the cdon of  portfaolid

complies with variows requirements  which, according to the

wa  warst axanine what kind of
£

the behaviour of

t 5 3. P g the
wer think ther
povh with  whiack  to
poirnt of

v oach

writers who have applied the methoadology of the catastrophe
theary of the gocial  sciences, are necessary  for the
application of the said methodolaoagy to be considered adeguuate.

Theze requeriments are:

BIMODALITY the portfolios are efficient or inefficient and

either of then produces & stable equilibrium.

HYSTERESTS : we have already commented on  the appearance of
thig phenomenan during the process of determining

the @fficiency of portfolios.

SUDDEN JUMPS: it de obvious that these ococur and may be due to
oparations dnvolving capital, cuts in dividends
and even for remsons outside the market which are
the most important, given the frequency with
which they ococur and the uwunpredictability of

their appearance.

DIVERGENCE : (as regards the risk associated with securities
Creturng) gince two poainte united by neighbowring
paths Can produce perceptibly different

behaviour .
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Some auwthors shown that the existence of only some  of

s Ju ify the analyeis of dymsmnmic bebaviouwr by
means of the catastrophe theory. I our o 2, mok only are
the reguirements fulfilled but others, MTE mora dmpor
From the point of view of theory, e veriFied. Far
ingtance, the direct applicatiaon  of the Morse lemas and the
plitting theorem.

AT @O T emery

rn faxest tiver investor  a&sosumes that  must choose the
propartions of mewnets X . which  must heromnme prar L of the
portfolio, iLn such & way tpat, @t & gilhven val of return they
minimize the risk, ar, with an acceptable level of risk, they
maximize the expected return, taking  dinto zecount that  he
always wishes to maximize the value of the final wealth.

The optiman obltained is digolated, which allows us  to use
the Morse Jlemma and the gplitting theorem not only in the
selection of one portfolio but for the whale portfolio family.

Let e begin then, although briefly, with & review of the
basic elements on which the theory of catastrophes rests and
then we shall see whether the selection of portfolios can be
included din  any of the seven elementary ocatastrophes in
accordance with Thom s classification theorem.

It iz not our intention to modify the portfolio by
congidering +the proportions of x. but to base our analysis on
the performance of the portfolic through the control variables
we choose, such as ity return or rick, measured in the same way
ag in the MPT or CAPM or any other models wused for the
selection of portfolios.

We will consider a family of functions defined by
V: PxCw—»R

in which P iz the manifold of the posgible portfolio and &g we
have seen PcC R (including ©O) and which we have named space
of variables of state.

C is another manifold CCRY which we will call space of
control factors.

Az we have seen, the analyvsis of portfolio selection is
based on the binary return—risk and determines the composition
X=X, . ..,x ), Zx,=1 assuming that the investor wishes to
maximize the value of his wealth st the end of the period.

Thie gives an optimum portfolio, valid for a peridd which
we can designate by x=x(E,s), and we are not only interested in
knowing under what conditions 'this portfolic is no  longer
optimum, but also when it will lose ites efficiency.

The methaodology of the catastrophe theory asssumes that,
locally, a portfalio’s performance dig regulated by the

THE 1986 INTERNATIONAL CONFERENCE OF THE SYSTEM DINAMICS SOCIETY. SEVILLA, OCTOBER, 1986
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pmtential UlxE,s). In a more general way, V is ‘tmk@n o be
the Ffunction of x and a&ll the control variables which are
invalved in  the processzs. Therefore the potencial whi.ch
regulates the performance of the process oan be shown ae
U((x)ﬂU(x,m)-

IFf © de the universal anfolding then the et of
catastrophes M, which g a&lso & manifold, i the subselt of
RY77IxRY defined by:

DVC ¢ x ) amld
In other words, the set of all the critical pointe of  &ll t e
potentials VYV in the family V. The set of catastrophes M will
be & manifold @f V, which also Gow reprecents the wuniversal
unfolding . :

By restricting M, mapping - the natural projection, wer
obtain & map X defined by:

1RV KRT R T ) being T (x,6)me
starting with X, which is known ag  the ocatastrophe map, wer
obtaln the =zet of sgingularities $, which will be the set of
singular points in M, accarding to X , for those for which X i
singular, i.e. that the range of the Jacobian matrix P, is
less than r (dimension of the space of control variables) .

The image of the sgets in €, according to  the map X , i
known as the BIFURCATION SET 1. It is evident that 8 ig the

set of degenerate critical points.

8 iz called bifurcation zget becauze it  is the set over
which the number and nature of critical points change and,
congidering the structural stability of the Morse functions,

suwah changes oan  only take place by passing through
degenerate critical point.

ak
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THIE

transformal
partfolios
[NE R conts
unfoladings of Thoan
only  one  with twey P T anyier
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N CLSGP

CATABTROPI-

If we take return  and risk as control VERT .
i, via & di e bl e, froam  cbhe

inta & potential function for  undversal
i only two parameters. AN g Lk
seven elementary ocatastrophe
bers of  cantrol, whiah ds

oy

s

catastrophe in cusp.

repreventad

ana
dory

al unfolding dis:

The wniver

“
Uexd = T hux

The of @gud bibriwm M, wihvi ey @bl ows &

in the ovcinary spaoce, is given by the @quatic

V2{x) = 4xd+ﬁux+v w )

the degenerate critical poirnts (singuls are  giver,

the same way, by the subset of M which

VHOx) w12 w0

If we eliminate x from the last two equations, we obtain:

&l

2

autar® = o

This equation determines the bifurcation selt B, the set of
of the control space Clua,wv) vee where the form

points

af UV ochanges .

phRhetured the &
set
poten
efficient or ine
Wi thin the bifur

It representation ig shown in Figure 2, and we have also
bability of equilibriwn. Gut of the bifurcation
there is only one point of stable equilibrium  (midniman
ial ) this means that the portfolic will either be
ficient, with any other intermediate position.
cion set (set of degenerate critical points)

there are three points of equilibrium Ctwo minimums  separated
by & maximum), two stable and one unstable .

With reference to  the behaviour surface of portfolios

{(Figure 3), and taking inte account that the analysis carried
out ig local, the majority of authors on the catastrophe theory
interpreted ther BY QR {shadowed) carvesponding to the

bifurcation set a&s an inaccessible region.

if

In our model this area is significant, in the sense that
the portfalio ie located in thig regiaon, any disturbance,

however small, will take it to the higher surfce {eefficient
portfolics) or to the lower one (inefficient portfolios).

is

The

Also, in figure 3 we represent the bhifurcation set, that
the projection of the surface on to the control zpace (w,v).
projection of the surface folds define the boundary of the
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o

Figure 2. Situution and number of the equilibrium points
and their stability in the cusp cutastrophe.
{Saunders 1983, p.12)
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BEHAVIOR OR

AESPONSE
SURFACE DIVERGENCE UPPER
SURFACE
SINGULARITY

ABRUPY
CHANGE

INACCESSIBLE
REGION

LOWER
SURFACE

ABRUPT
CHANGE

HYSTERESIS

{response varisble)

inormsi tactor)

&

1;%0
CONTROL “re,
SPACE

{spiitting lacion

Figure 3. The behaviour surface and this bifurcation set
of the cusp catastrophe. (Flay- 1.978, p. 337)
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bifurcation set.

Parameters of the contral R u and v o oare ocalled
separation factor and normal factor respectively. In our case
we have identified them with risk and return of & portfol
On the upper vight~hand part of the surface lLie portfol
preferred by investors, the efficient ones, characterized by
high return and low risk. If return fal and level of risk
remaing acceptable, the portfolic becomes ineffi ant Following
a sgmooth path, such ag a-b-c-d (Ffigure 4). Nevertheless, when
rigk increases wnd return decreases following the a&-e—d path,
i.e. in an unsmoaoth wny, there is a suwdden jump to the surface
representing inefficient partfolios. CDex ) ey perfect
convention) .

N

Since the variables w (rick measured by mes
and v (return) can be quantified, bifurcation
settled for each pair [QUIPRVD IS The T dan
equilibrium idg then univacally determined and congequently the
bouwndary between the set of efficient anca inefficient
portfolios.

arly ta our analys
anly valid faor those

i

We wotlad like to point ouwt that
of portfolic selection, our Sppre is
investors having & "normal’” risk-aversion. That is, both for
those are totaly averse to and for the whe mver taking
risks, anal s @dther par 1 useful or le Thi
Faet model ‘e Field of appli Lion and although
the group of investor remaining outside Gt i oemasxll, it
etill important, and for this reasson we will consider a wider
approach embracing this set of investoars.

5

There is another problem, in our opinian more dmportant
than the wmbove, and that Limite the application of th macd
the catastrophe’s theory states that once & few
et L bk wun raeached and it nt
ane hag Lo remaske all the analys

# not conven

In oaur case th means that ther - whies &I
inedf ent poavtfo should  k it, drvee that dn Lo
trangform it into wowld have Y PRy

not & owed in

F

™, &are

tyan
the

an oo
af portfolio

Lty oF the Lthey 1o

1)

The pos
Lo From

mve chue to Tt
af & situation that st
Wi thin tihver tradi

ot
s comparati
por -t

awt e wWer s

n ovder to

which, rirving  our two contral

dr flver

i the potential Lt
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EFFICIENT
PORTFOLIOS,

INEFFICIEN

PORTFOLIOS =

Figure 4. Two different paths leading to the same point:
one smooth and other one with sudden jump.
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our Fhield of aoction

concerned; i we  choc S

corntyal
Wer e two phers the swallow and
L buttertly . v Wi Ll be the
Ltaon, EY rying out and

Llowing expe

at b Bt shraphe .

Lcat d oo

THE BUTTERFLY CATASTROPRE

The wuniver unfolding is in the form:

N
* o)

V(x> Pt x P P o x

Dy Lver
annot

where t, w5 v, w, are the control factors. AE wWe oEl s
control space hae cdimengsion 4, arnd therefore we

represent bifurcation set B.

There are y ways to approach the wely of  the  Form
o f tLhe brifurcation set, bt the one L ding & more evident
graphic wing carried out by Broocker andcd Lander (1975, Saunders
<1280, and, Pogtan and Stewsrt (1978) . Wer &ve Lowirng the
analitic develapment formuelated by Saunders.

Inditially, and considering t wer - shuay
ther form of the different subzsels

with & great deal of information

provide ws

Libriwnm M is:

The surface OFf equ

3

Hx 744t x T HBUX B PR = O

The =zet of degenerate criticl points (gingularities) ig the
subset of M which also verifies the following egua

BOx TR 12t x T HGUxFRY = O

w Rii

This system of equations allows us to define v and w &
fFunetion of the ather variables, and which therefore
determines, fixing t and w, the B ocurves. Thue, [ for

t o oowm O, we obtain as an equation for Bfu:

"ty
s 1537w Corpan®
then Boo i @ cusp.

To analyse the behaviour of B for other values of t and w,
different from zera, ‘we must consider vaw(x) and wswix), in
such & way that its critical points satisfy an equation of the
type: :
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20xdtxdu = O

which will always have & resl root, and therefore B“l wi. bl have

act
is

Thi
for
wer

var

is

L X

very similar to the surface of unfolding brn ou

e
Lo say if thaey verify:

st one cusp podnt, and 3 GF a&ll the vools are rveal; that

a2 3
Wb (4L /3D < 0O

s condition cannot be satisfied if L de positive asnd it de
this reason that € bs called the BUTTERFLY FACTOR, bhecause

really have & catastrophe of this type when this factor

ies, and then we are able to move from ane to three cusps.

So, when the coantrol factor t of the butterfly catastrophe
positive ‘the hypersurface of unfolding of this catastrophe
Y] the  only

difference 1 that instesd of being folded in curves, it is
folded along whole surfaces.

the
Thi

catastrophe, i not very significant for our purposes
gicder it without the butterfly factor.

con

separation factors, and they have the same s

The control factor w is known se the BIAS FACTOR, due o
fact that Btu is symmetrical to the axiz v only if w = O.
& factor, which plays the same role  in  the swallow i

ed  normal  and
g Ficance and

As before, w and v, are  sbill cleromd nact

raole ag the in the case of & cuep catasstrophe.

If we assume that the butterfly factoar has been previously

fixecd and G negative, and that the bias factor vanishes, the
graphic represantation  of  the behaviowral surface of the

Bt te
Grar e

L

fly catastrophe wouwld bhe gimilsr dn form to that in
%, in-which the control space for the control factors

(v,w) has heen projected.

the
thi

g surfoce i

We should point out that & third surface exists between
two  had an the cusp catastrophe. Our dinterpretation of
as Follows:

IF an investor has an inefficient portfolio he can  change

and go from this to an efficient portfolio by means of the sale
andsor purchase securities. But thig incurg expencses. Ag @

result, the butterfly Ffactor which, as we have seen, must be
negative for this third surface to appear, (¥ interpreted in
transaction coste.

the

IF the investor findg that he has a portfolio which is  on
third surfuace, he will be faced with the following problem:

"I oam dinterested in dincurring transaction costs (buying
and selling) provided that the additional return that I
obtain as & result of moving up to the get of efficient
portfolios iz greater than these costs; I do not mind if
they are the same and if the costs are greater than the
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UPPER
SURFACE

: LOWER >
SURFACE

Figure 5. The butterfly catastrophe when the butterfly
factor t is negative and the bius factor is
null. (Flay 1978, p. 339)
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On the

other hand, both the positive values and the

negative values of the ias factor o make the third surface
dismappear from the set of portfolios (even in the event of +t
being negative) and  din the projection  in the space of the
control variables the characteristic "pocket" disappears from
the butterfly catastrophe ses can be seen in figure 7.

Also in figure 8, we have the graphic reprezsentation of

the behaviour’z surface, assuming that the bias factor takes
@ither negative and positive values. The pasgitive bias Ffactor
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U

Figure 6. Transversal section of the bifurcation set of
butterfly catastrophe when u=0, t< 0. There
are drawn the situation and number of the -
equilibrium points and their stability.
(Saunders 1983, p. 68)
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“

N
N

> |

: b

Figure 7. Butterfly catastrophe. Section corresponding to
various volues of t and u, viewed in the

(v, w)-plane. (Poston ond Stewart, 1981, p. 178)

Figure 8. The butterfly catastrophe surface when the
factor t is negative, showing the effects
of bias u. (Flay 1978, p. 338)
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can be the hehaviour of an investor R
negative biames factor the behaviour of the '"total

Finally, the butterfly catastrophe model correctly explaing

behaviour of an investor who faces the risk in
that dg, he is not biased by the risk.

CONCLUSIONS

In this article I have tried to eliminate some

af traditional analysis din portfoelio selection.
The model is a dynamic one
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