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GEOMETRY OF CRISES ON THE MARKET  
OF STOCKS LISTED ON THE WARSAW 
STOCK EXCHANGE 
 
 
Summary: This paper defines and interprets the changes in the stock market space. 
There are analyzed 73 companies listed on the Warsaw Stock Exchange in the period 
from beginning 2006 to the end of September 2012. This is a period, covering entirely 
the last two financial crises from their first symptoms to the moment when these resear-
ches have been carried out. The dynamics of the stock market space was investigated 
using an index, which measures the evolution of the distortion effect in the shape of the 
market space. This index is based on geometry technique and it proved to be useful in 
the Polish capital market. It allows for proper identification and interpretation of the 
most turbulent periods in financial markets.  
 
Keywords: financial market, crisis analysis, geometry method, market space. 
 
 
Introduction 
 

There are multiple papers dedicated to research on discovery of behavior 
patterns for a relationship among financial instruments [Araújo, Louçă, 2004, 
2007, 2008a, 2008b; Mantegna 1999; Onnela, Chakraborti, Kaski, Kertész, 
2002, 2003; Rak, 2008; Sandoval Junior, de Paula Franca, 2011]. Determination 
of this relationship is important for understanding the behavior of such a com-
plex system as financial markets, but also from the practical viewpoint in the 
choice of an investment strategy and risk management. 
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The measure which is most commonly used for studying relationships between 
financial instruments is Pearson's linear correlation coefficient. Using that coeffi-
cient, J.C. Gower [1966] defined a metric which was later used by R.N. Mantegna 
[1999; Mantegna, Stanley, 2000] to define the distance between returns from 
securities. The fact that a metric was introduced between securities gave the 
meaning of geometrical concepts to securities and allowed for using geometry 
tools to define the structure of a securities market. This structure is understood as  
a system of interrelations between the prices of these instruments. Using geometry 
tools, one may analyze distances between market elements through common  
(hidden) market space dimensions. These dimensions are not directly observable 
and their interpretation cannot often be clearly specified. However, one may study 
distortion of the market space defined by these dimensions emerging as a conse-
quence of various occurrences on financial markets, such as booms, falls, or crashes. 
A method of stock market space reconstruction has been presented by i. a., 
R.V.Mendes, T. Araújo, and F. Louçă [2003]. They studied the structures of mar-
kets built of stocks in DJIA and S&P indices.  

The structure of relations between securities varies, particularly under the 
influence of group behaviors during periods of crises [Araújo, Louçă, 2004]. 
Typically, correlation structure will strengthen during these periods [Araújo, 
Louçă, 2004, 2007, 2008a, 2008b; Onnela, Chakraborti, Kaski, Kertész, 2003; 
Sandoval Junior, de Paula Franca, 2011]. Depending on the type of market per-
turbations, changes in its structure may vary in shape. To capture these varia-
tions, T. Araújo and F. Louçă [2007] have defined an index of securities market 
space shape evolution. It provides grounds for identification and interpretation of 
market distortion periods and analysis of their intensity and dynamics. For this 
reason, it may also be referred to as the risk index. This index also contributes to 
identification of these market sectors which are related to significant changes 
along the main dimensions (directions) of the changing market space. 

The purpose of this paper is to study the dynamics of subprime credit crisis 
and the European debt crisis on the market of stocks listed at the Warsaw Stock 
Exchange, through identifying and interpreting changes in this market space. 
Specifically, the impact of various phases of these crises on the market space of 
stocks of specific sector companies will be analyzed. 

The paper consists of two parts. The first part of the paper presents details of the 
method of measuring stock market space distortion dynamics. The second part will 
include a description and interpretation of research concerning market space distor-
tion dynamics for stocks listed at WSE and for sector-oriented market spaces of 
shares during the period from the beginning of January 2006 to the end of September 
2012. Key results of research work will be summarized at the end of this paper. 
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1. Method1  
 

An index that quantifies the dynamics of stock market space distortion can be 
presented in six consecutive stages [see Araújo, Louçă, 2007, 2008b]: 
1) a representative group N  of stocks (for the market, sector) is selected, and 

historical returns over a certain time interval are determined; 
2) a matrix of distance D  between N  stocks is computed; 
3) based on the distance matrix, coordinates N  of shares are determined in 

Euclidean space with dimension 1−≤ Nm ; for reduction of stock-defining 
coordinates, normalized eigenvectors should be determined with correspond-
ing eigenvalues of scalar products matrix B ; 

4) the computations given in sections 2 and 3 are repeated for randomly generated 
returns, with the same mean and variance as historical returns; 

5) the eigenvalues obtained in sections 3 and 4 are compared, and d  highest 
eigenvalues are selected so that the difference between the eigenvalues ob-
tained for historical and random returns does not vary "significantly"; thus 
determined value d  defines the effective dimensioning of the stock market; 

6) index S  is computed as the sum of quotients of differences between the d  
highest eigenvalues determined in 4 and 3 and the eigenvalues computed in 4; 
index S  measures stock market space distortion. 

In the first stage, return from i -th share during the time period t  is comput-
ed as the difference of logarithms of stock prices tiS ,  and 1, −tiS during the pe-

riods t  and 1−t , namely 
 

,lnln 1,,, −−= tititi SSr  ,,...,1 Ni =  .,...,1 nt =     (1) 
 

In this way, N  time series of returns are obtained { } ,n
i R∈r  

( ) ,,...,, 21
T

iniii rrr=r  .,...,1 Ni =  
In the second stage, coordinates of the matrix of distance between N  

stocks (rates of return) are computed. Distance is defined as Euclidean metric 
between standardized return vectors, namely: 
 

],[ ijd=D jiijijd zz −=−= )1(2 ρ , ,,...,1, Nji =   (2) 
 

where:  
( ) ,,...,,...,, 21

T
initiii zzzz=z  

                                                 
1  This method is described in the Polish language in the work [Just, 2013]. 
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( ) ,/ iiitit srrz −=   

,ir  is  – mean and standard deviation of the returns of i-th stock,  

ijρ  –  Pearson's linear correlation coefficient between the return of i-th and j-th 

stock.

 
In the third stage, using the classic multidimensional scaling method, coor-

dinates of N  stocks are computed on the basis of distance matrix in Euclidean 
space with dimension 1−≤ Nm . In this way, a set of N  stocks is represented 
by a set of N  points in m -dimensional space, namely { } ,m

i R∈x  

( ) ,21
T

imiii ,...,x,xx=x  ,,...,1 Ni =  .1−≤ Nm  

The classic multidimensional scaling algorithm can be presented as follows 
[see Walesiak, Gatnar (red.), 2009]. If one determines the configuration of points 

ix , ,,...,1 Ni =  in a m -dimensional Euclidean space and it is assumed that the 

center of mass for the configuration of these points is at the origin of coordi-

nates, i.e. ,0
1
∑
=

=
N

i
iax  ,,...,1 ma = , then squared Euclidean distance between 

points ix  and jx  can be noted as follows: 
 

( ) ( ) ,22
j

T
ij

T
ji

T
iji

T
jiijd xxxxxxxxxx −+=−−=  .,...,1, Nji =   (3) 

 

On the basis of formula (3), scalar products matrix is defined 
 

,TXXB =
 ( ) .,...,, 21

T
NxxxX =      (4) 

 

Matrix B  is a symmetrical matrix with rank equal to m  and can be pre-
sented as

  

,TVVB Λ=         (5) 
 

where: 
),...,,(diag 21 mλλλ=Λ , 0...21 >≥≥≥ mλλλ  is a diagonal matrix of posi-

tive eigenvalues and )...,,( 21 m, vvvV =  is a matrix of normalized eigenvectors. 
From formulas (4) and (5), coordinates can be determined of points  

 

,2
1VΛX =         (6) 

where: 
).,...,,(diag 2

1
2

1
2

1
2

1

21 mλλλ=Λ  
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To reduce the stock-defining coordinates, one should continue to the fifth stage. 
In the next fourth stage, random returns are generated, with the same mean and 

variance as the historical returns, for a set of N  stocks. These are derived from 
permutation of historical returns. For the series of returns of specific stocks thus 
determined, there is no correlation between the series. 

In the fifth stage, on the basis of a factor scree plot, d  eigenvalues are se-
lected so that for consecutive eigenvalues obtained for historical returns, the 
factor scree plot has mild decline. For other eigenvalues, factor scree plots for 
historical and random returns are almost parallel because the factor scree plot for 
random returns has mild decline for all eigenvalues. The computed value d  
defines the effective stock market space dimension while the market space is 
reduced to d -dimensional subspace which corresponds to correlation structure 
between the shares. Eigenvectors associated with the d  highest eigenvalues set 
the main directions of the market subspace. Research results [Araújo, Louçă, 
2004, 2007, 20008a] indicate that in "normal" market functioning periods, eige-
nvalues computed for actual returns do not vary greatly from eigenvalues for 
random returns. However, in the disturbed periods, differences can be observed 
on the market in factor scree plot declines for historical and random returns. 
Market space shrinks along effective dimensions during these periods, while in 
periods of "normal" functioning it will behave in a similar way as for random 
occurrences. 

In the final stage, index S  is computed as the sum of quotients of diffe-
rences between the d  highest eigenvalues determined in sections 4 and 3 and the 
eigenvalues determined in 4. It has the following form: 
 

( )( ) ( ),/1/
11
∑∑
==

′−=′−′=
d

i
ii

d

i
iiiS λλλλλ      (7) 

where: 

iλ  is the i -th eigenvalue for historical returns,  

iλ′  – i -th eigenvalue for random returns.  

This index measures the effect of stock market space distortion and can be 
referred to as the risk index. 
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2. Empirical studies 
 
2.1. Description of data 
 

Research has covered multiple returns from stocks in sector-oriented indexes: 
WIG banks, WIG construction, WIG chemicals, WIG developers, WIG energy, 
WIG IT, WIG media, WIG FMCG, WIG raw materials, WIG telecommunica-
tion, WIG fuels, as at September 28, 2012. Companies in the following segments 
were considered: banks, construction, developers, IT and FMCG, as well as from 
three sectors: finance, industry, utilities. Analysis of the remaining segments was 
not possible due to insufficient number of companies constituting these seg-
ments. The banks segment comprised 10 companies, construction – 14, develop-
ers – 9, IT – 9, FMCG – 11. The first sector was composed of 19 companies in 
"banks" and "developers" segments; the second sector was composed of 34 
companies in "construction", "chemicals", "FMCG", "raw materials", "fuels"; 
the third sector comprised 20 companies in the following segments: "energy", 
"IT", "media", "telecommunication". The study covered the period from the be-
ginning of January 2006 to the end of September 2012. This choice of period was 
determined by the intention to take account of the period of first symptoms of 
subprime credit crunch, while the end date is the time this research was conducted. 
The research only covers those companies which were listed throughout that pe-
riod – 73 companies in aggregate. Daily logarithmic returns were analyzed, com-
puted on the basis of closing price, adjusted by splits, dividend, mergers and cuts 
of subscription rights. 1694 returns were considered throughout that period. 
 
 
2.2. Effective dimension of stock market space  
 

In this point, effective dimension of stock market space was determined. 
The minimum number of hidden dimensions of stock market space, which illu-
strate the correlation between the stocks, was computed. For this purpose, fig. 1 
presents the twenty largest eigenvalues obtained for historical and random daily 
logarithmic returns for all the companies throughout the period of analysis. 
 
 
 
 
 



 
F
 

w
r
m
k

o
s
d
m
n
o
d
 
 
2
 

h
u
w
a
w
v
t

Fig. 

wer
rand
min
ket 

on t
stud
dim
mar
nine
out 
dec

2.3.

has 
und
with
a m
was
valu
the 

1. E

B
re c
dom
nes 
spa
O

the 
died

mens
rket
e-m
to b
ide

. Dy

Th
be

der c
h st

mont
s co
ue o
per

Eigen

ase
chos
m re
the

ace 
ne 
com

d [A
sion
t, d

mon
be 
d to

yna

he e
en 
con
tock
thly
omp
of th
riod

nvalu

ed o
sen
etur

e eff
to 6
mig
mp
Ara
n w
divi
th 
sma
o as

amic

effe
use

nsid
k m
y (22
pute
his 

d ሾݐ

ues f

on 
; fo
rns 

ffect
6-d
ght 
ani

aújo
was 
din
sub
alle
ssum

cs o

ectiv
ed t
dera

mark
2-d

ed fo
indെ

for h

fact
or th

are
tive

dime
sp

es f
o, L

stu
ng t
b-pe
er th
me 

of c

ve d
to a
ation
ket s
day)
for a
dex 21,

histo

tor 
he r
e a
e di
ensi
ecu
form

Louç
udie
the 
erio
han
the

cris

dim
anal
n an
spac
 ob
all c
at ݐሿ. 

orical

scr
rem
lmo
ime
ion

ulate
min
çă, 
ed 
stu

od. 
n for
e eff

ses 

mens
lyze
nd 
ce d

bserv
com
the

Geo

l and

ree 
main
ost 
ensi
nal s
e th
ng t

20
for 

udie
Eff
r th
fect

on

sion
e th
on 
dist
vati

mpan
e po

ome

d ran

plo
ning
par

ion 
subs
hat 
the 

004]
dif

ed p
fect
he e
tive

n the

n of 
he d
sec

torti
ion 
nies

oint 

etry 

ndom

ot f
g ei
rall
of 
spa
the
ma

]. T
ffer
per
ive 
ntir

e dim

e st

f sto
dyna
ctor
ion 
win

s sto
in 

of c

m ret

for 
igen
el. 
sto

ace, 
e ef
arke
To v
rent
iod
dim

re s
men

toc

ock 
ami
ral m

ind
ndo
ock
tim

crise

turn

his
nva
Th
ck 
wh

ffect
et an
veri
t in

d in
men

stoc
nsio

ck m

ma
ics 
mar
dex 
ow w
k ma

me t 

es o

s for

stor
alue
he d

ma
hich
tive
nd 
ify 

ndus
nto 
nsio

ck m
on o

mar

arke
of 

rket
def

was
arke
wa

on th

r all 

rica
es, f
defin
arke
h m
e di
on 
thi

stry
six
ons

mark
of t

rket

et as
cris
ts. D
fine
s tak
et a

as c

he m

com

al re
fact
ned

et sp
mirro

ime
the

is s
y se
x se
s of
ket
the 

t 

s de
ses 
Dyn
ed b
ken
and 
calcu

mark

mpan

etur
tor 
d nu
pac
ors 
ensi
e pe
pec
ecto
emia
f se
. In
wh

efine
on

nam
by f
n, on

for
ulat

ket..

nies d

rns,
scre
umb
e. T
the
ion 
erio
cula
ors 
ann

ecto
n fur
hole

ed i
n the
mics
form
n th
r sec
ted 

.. 

durin

, si
ee p
ber 
Thi
 cor
of 

od in
atio
and

nual
oral 
rthe

e sto

in th
e m
s of
mul
he b
ctor
on

ng 2

ix h
plot
r of
s lim
rrel
ma
n w
n, s
d fo
l su
ma

er r
ock 

he p
mark
f cr
la (7
basi
r-or

n the

2.01.

high
ts f

f eig
mit
latio
arke
whic
stoc

for 
ub-p
arke
rese

ma

prec
ket 
rises
7). F
s of
rien
e ba

2006

hest
for h
gen
ts th
on s
et sp
ch t
ck 
the 
peri
et s

earc
arke

cedi
of 
s w
For
f w

nted 
asis

6-28

t ei
hist

nval
he s
stru
pac
that
ma
wh

iod
spac
ch, i
et sp

ing 
all 

were
r thi

which
d ma
s of

8.09.

igen
tori
lues
stoc
uctu
ce d
t m

arke
hol
s a
ces
it h
pac

sec
the

e me
is p
h in
arke
f ret

.201

nva
ical
s de
ck m
ure.
depe
ark

et sp
e s

and 
 tur
as b

ce. 

ction
e sto
easu

purp
ndex
ets. 
turn

5

2 

alue
 an
eter
mar
  
end

ket i
pac
toc
on

rne
bee

n d
ock
ure

pose
x S
Th

ns o

57 

 

es 
nd 
r-
r-

ds 
is 
ce 
ck 
ne 
ed 
en 

d  
ks 
ed 
e, 
S  
he 
of 



5

a
e
s
 

 
F
 

s
o
a
t
d

c
t
l
w
t
s
d
a
F
t

m
m
p

58 

and
exc
seve

Fig. 

serv
of t
aga
the 
dec

cred
the 
laps
wer
the 
six 
dec
a w
FED
the 

mon
men
prog

In
d to 
eed
en p

2. T

In
ved 
the 
inst
firs
rea

Th
dit c
Un

se o
re c
fin
mo
rea

warn
D C
ind
Th

nths
nt o
gra

ndex
be 

ding
peri

The i

n 20
du
fir

t th
st sy
sing
he 
cru

nited
of N
clear
nanc
ore 
ses 

ning
Cha
dex 
he t
s. T
of g
ms 

x S
ab

g un
iod

inde

006
urin
st p

he g
ymp
g pr
sec

unch
d S
New
r sy
cial
mo
on

g of
airm

and
thir
This
glob

em

S  fo
ble t
nity

ds. 

ex S 

, th
g th
perc
grow
pto
rice

cond
h – 
State
w C
ymp
l ma
onth
n th
f ap

man,
d la
rd p
s w
bal 
merg

or a
to f
y w

for 

he fi
he p
ceiv
win
oms
es o
d o
thi
es w

Cent
ptom
ark

hs. T
he 

ppro
, at

asts 
peak

was 
ma

ged

all c
focu
was 

all c

first
peri
vab

ng te
of 

of re
of th
s is
whi
tury
ms 
ets 
The
Ch

oach
t a 
unt

k of
the

axim
d, ta

K

com
us o

co

com

t va
iod

ble a
end
sub

eal 
he 
s th
ich 
y F
of t
wh

e pe
hine
hing
con
til t
f ind
 pe

mum
arge

Krzy

mpa
only
onsi

mpan

alue
d fro
adju

denc
bpri
esta
hig
e p
had
inan
the 
hile
eak 
ese 
g re
nfer
the 
dex

eriod
ms 
eted

yszt

anie
y on
ider

nies

es o
om 
ustm
cy w
ime
ate 

ghlig
erio
d b
nci
app
 the
of 
sto

eces
renc
obs

x S
d o
by 

d at

tof E

es is
n th
red 

f in
the

men
whi
e cr
in t
ght
od o

been
al a
pro
e b

f ind
ock 
ssio
ce i
serv
 co

of fi
wo

t A

Ech

s pr
he m
sig

ndex
e en
nt o
ich 
redi
the 
ed 
of f
n of
at th

oach
oom
dex

ex
on i
in H
vati
omm
irst 
orld

Ame

aus

rese
mo
gnif

x S
nd o
of W
ha

it cr
U.S
per

first
ffer
he 
hing
m o

x S
xcha
in th
Hon
ion 
men
dec

d in
eric

st, M

ente
st p
fica

S  s
of M
WS
d b
runc
S. 
riod
t ba
ring
turn
g cr
on g
 oc

ang
he U
ng K
win

nced
clin

ndex
ans

Małg

ed o
prom
ant. 

ign
May
SE a
been
ch c

ds o
ank
g th
n o
risis
glob
ccur
e o
U.S
Kon
ndo
d in
nes 
xes
s fa

gorz

on f
min

Su

nific
y to
and
n pr
cou

occu
krup
hese
f F
s, th
bal 
rred
of F
S., p
ng. 
ow c
n ea
on 
. A

acin

zata

fig. 
nent
uch 

cant
o m
d gl
rese
uld 

urre
ptcie
e cr
ebr
hey
sto

d in
Feb
pron

Th
con
arly

sto
Also
ng p

 Jus

2. 
t flu

in

tly 
mid-

loba
ent 
alre

ed 
es o

redi
ruar
y we
ock 
n fa
brua
nou
his p
ntain
y Au
ock 
 in 

prob

st 

To 
uctu
dex

exc
July
al s
sin

ead

at t
of f
ts, 
ry/M
ere 

ex
act a
ary 
unce
pea
ned
ugu
ex
thi

blem

dis
uati
x pe

ceed
y. T
stoc
nce 
dy b

the 
fina
led

Mar
com

xcha
as a
27

ed b
ak c
d a r
ust 2
cha
is p
ms 

sreg
ion
eak

ding
Thi
ck e
200

be o

on
anci
d by
rch.
mpl
ang
a re
7, 2
by A
cov
retu
200
ange
peri

wi

gard
s, a

ks a

g un
s w
exc
03. 

obse

nset
ial i
y th
. A
lete
es c

espo
2007
Ala
ers 

urn 
07 a
es a
iod,
th r

d al
an i
app

nity
was 

han
At

erve

t of
inst

he la
ltho

ely i
con
ons
7, c
an G

22
of t

and 
afte
, fir
rep

ll it
inde
ear 

y w
the

nge 
t tha
ed, 

f su
titut
arge
oug
igno
ntin
e to
cau

Gree
2 va
that
las

er a
rst 
aym

ts p
ex p
r ac

were
e pe

qu
at t
suc

ubpr
tion
est 

gh th
ore

nued
o m
used
ens
alue
t da
ted 

achi
sup
men

eak
pea
cros

e ob
erio
uote
time
ch a

rim
ns i
col
hes
d b

d fo
majo
d b
span
es o
ate. 

tw
ieve
ppor
nt o

ks 
ak 
ss 

 

b-
od 
es 
e, 
as 

me 
in 
l-
se 
by 
or 
or 
y  
n, 
of 

wo 
e-
rt 
of 



Geometry of crises on the market... 59 

their mortgages. First symptoms of banks' liquidity problems occurred in Europe 
as well (including the British Northern Rock).  

The next, fourth, highest peak of the risk index was observed in the first 
two months of 2008. It occurred during the period when both the World Bank 
and FED were openly pointing to recession in the U.S. Colossal losses were also 
reported during that time by the largest financial institutions worldwide.  

The following prominent leap of the index could be noticed on September 
15, 2008 – exactly at the date of collapse of Lehman Brothers, a 158-years-old 
investment bank. This is definitely the most extensive period of S index values 
exceeding unity throughout the period of crisis. Considering the weight of that 
period's events, it would be labeled a "financial tsunami" or a "banking col-
lapse". That period was immediately preceded by acquisition by FED of the two 
largest U.S. mortgage market institutions – Fannie May and Freddie Mac. Mer-
rill Lynch was taken over by Bank of America, while AIG – America's largest 
insurer – was nationalized. During the same period, the crisis definitely spread to 
Europe. Benelux governments partially nationalized Fortis bank, the German 
government provided a multi-billion rescue package for Hypo Real Estate bank, 
the government of the Netherlands was rescuing ING Bank, and the next day the 
French government announced similar actions to be undertaken to rescue the six 
largest banks, including Crédit Agricole, BNP and Société Générale [see: 
Holzer, 2009]. All these incidents caused extremely high volatility on financial 
markets and common decline of indexes on all global stock exchanges. The in-
tensity of that period's events was illustrated by the widest peak of index S 
throughout the duration of crisis. This not only confirms the ability of this measu-
re to capture periods of market disruptions but also to measure their scale. In-
creased values of the risk index are observed for a year. The second express peak 
of the risk index was recorded at the end of that period, in September 2009. No 
special macroeconomic events were noted during that time, and the increase of 
the index value was related to correction of uninterrupted semiannual increases 
at global stock exchanges.  

Next very clearly increased values of the index were observed during the 
debt crisis in Europe during the period from the end of April to mid-June 2010. 
This was a period of intensified struggle with debt crisis in Greece. During that 
period, aid programs for Greece were established and put into practice, while 
Greece itself undertook a budget for the upcoming years with multiple cuts and 
privatization plans in the country envisaged for the future.  
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The final period singled out by the index under consideration commences in 
the first week of August 2011. That week was started with Standard & Poor's 
publication of lowering the United States' highest credit rating for the first time 
in history. The first week of August became the worst week since the crash 
caused by Lehman Brothers' collapse at global stock exchanges. WIG20 lost 
over 10 percent in a week, and the scale of losses at the majority of stock mar-
kets worldwide was similar. Later, the problems with Italy's and Spain's debt 
emerged, along with a vision of Eurozone disintegration. That period took as 
much as two and a half months.  

To study the effect of the distinguished phases of the subprime credit 
crunch and the European debt crisis on the specific sectors of the economy, the 
researchers would analyze the changes of indexes S  for the market of studied 
companies, divided into specific sectors. Considering the companies from a sin-
gle sector, a homogeneous collection of data was obtained, more prone to market 
shocks than a diversified collection of all companies. Financial and economic 
crises would affect companies from specific sectors with varying levels of force. 
T. Araújo and F. Louçă [2007] differentiated between a local crisis, which fo-
cuses only on selected sectors, and a global crisis that impacts the whole finan-
cial market. In this paper, two financial crises were analyzed and their various 
phases had a different influence on the specific sectors of the economy. Risk 
index for stocks of companies in the particular sectors is presented in fig. 3 and 
for the segments as such – in fig. 4. 

The analyzed crises would present themselves strongest in the financial sec-
tor, they had a lesser impact force on companies from the industrial sector, and 
were least prominent in the utilities sector. During the 2006 adjustment of stock 
prices, similar market space distortion index behaviors were noticed for all the 
studied sectors and segments.  
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The risk index would clearly indicate the banking sector as the most affec-
ted by the subprime credit crisis and the European debt crisis in all their phases. 
This emphasizes the character of those crises that originated from this sector 
exactly – during 2007-2009 through toxic securities based on subprime credits 
securitization, and during 2010-2011 through Greek bonds held in portfolios of 
the largest European banks. Maximum values of the risk index for banks are 
highest in almost all the periods. An exception to this rule is the period from 
January to February 2008 where higher value of the index is observed for the 
construction segment. The value of the index for banks in the initial phase of 
crises, albeit predominant in comparison to other sectors, would only reveal the 
scale of risk for that sector after the Lehman Brothers crash. 

This was not entirely supported by banks' bottom lines. EBIT and net profit 
in 2008 of all the banking sector companies listed at WSE increased by 8% and 
11%, respectively, beyond the data of 2007. EBIT and net profit would only 
decrease in the following year, by 33% and 36%, respectively. Financial results 
of the sector improved in 2010-2011 – EBIT grew by 37% and 22%, respectively, 
while net profit increased by 37% and 33%, respectively [www 1]. 

The next sectors which were most strongly affected by the wave of crisis 
include developers and construction. Both these sectors certainly belong to those 
segments of the economy which are most sensitive to consequences of an eco-
nomic slowdown. The first symptoms of slowdown in Poland would only be 
noticed in Q4 2008, GDP growth rate in that quarter was only 2.9% while its 
respective values in the first three quarters of that year were as follows: 6.0%, 
5.8%, and 4.8% [Socha, Orłowski, Sękowski, 2009]. The same observations are 
confirmed by financial results of these sectors during that period. EBIT for both 
segments (WIG construction, WIG developers) Q4 2008 to Q4 2007 decreased 
by 34% and 35% for the developer and construction segment, respectively, while 
their net profits dropped in the same period by 83% and 32% [Socha, Orłowski, 
Sękowski, 2009]. EBIT for all construction sector companies listed at WSE 
throughout 2008 increased by 128% beyond the value of 2007. It increased again 
in 2009 by 16%. In the following years, EBIT drops were recorded, respectively: 
12% in 2010, 28% in 2011, and 106% in H1 2012 [www 1]. EBIT for all deve-
loper sector companies listed at WSE throughout the period, except 2010, exhi-
bited a negative trend. It decreased by 15% in 2008 and by 95% in the following 
year, YOY. It grew by 932% in 2010 to then decrease in 2011 by 78% and in H1 
2012 by 63% [www 1]. It was exactly in the period from January to February 
2008, when there was a mention of recession in U.S. economy, the indexes S  
for both these sectors would increase to the highest levels, even exceeding the 
level of the banking index for companies in the construction segment. 
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Utilities and FMCG sector companies would manage relatively well in 
times of crisis. This thesis is not only supported by low values of the indexes 
under consideration but also by financial results. EBIT for the FMCG sector 
(WIG FMCG) for Q4 2008 increased by 163% YOY [Socha, Orłowski, 
Sękowski, 2009]. Operating profit for all companies quoted at WSE from FMCG 
sector exhibited an increasing tendency during 2007-2011, but a decrease was 
recorded in H1 2012 [www 1]. Net profit of this sector dropped by 55% in 2008 
as against the preceding year, while during 2009-2011 it would exhibit an in-
creasing tendency – it grew by 107%, 206% and 33%, respectively. In the first 
half of 2012, net profit decreased by 14% [www 1]. However, the increase of the 
index for that sector at the end of 2011 was truly surprising. The index reached 
its highest value as compared to the preceding periods. This might have been 
caused by deterioration of the situation of companies in this sector as a result of 
increasing and volatile prices of FMCG raw materials, which present themselves 
in the bottom lines. Moreover, it may also be a result of investors' general ten-
dency to retreat from developing markets in view of strengthening debt problems 
in Europe, which is illustrated by similar patterns of behavior of the index pre-
senting stock market space distortion for all the sector-oriented markets under 
review in August and September 2011. 
 
 
Conclusions 
 

Modeling of financial markets' behavior must take account of the degree of 
their complexity, which is considered in the structure of relations between finan-
cial instruments. This complexity is further reinforced by the fact that markets 
during crash periods behave in an entirely different way than in "normal" pe-
riods. Increase of correlation during such periods presents itself in simultaneous 
decreases of prices of financial instruments. The concept of Euclidean metric 
between stocks as introduced by R.N. Mantegna [Mantegna, 1999; Mantegna, 
Stanley, 2000] offers a tool for analyzing the structure of relations on financial 
markets with the notions of geometry. Knowledge of distances between objects 
provides grounds for analyzing mutual relations between these objects. In papers 
[Araújo, Louçă, 2007, 2008b], T. Araújo and F. Louçă, developed a synthetic 
risk index on the ground of Euclidean distance, which allows for identification and 
interpretation of periods of market disruptions and analysis of their dynamics.  

This paper presents results of empirical studies based on this method. Re-
search was conducted on a sample of 73 companies listed at the Warsaw Stock 
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Exchange during the period from early 2006 to the end of September 2012. This 
is the period of financial crises: subprime credits and the European debt crisis, 
from their first symptoms until the time the present research was conducted. 
Completed research leads to several detailed conclusions. The risk index is  
a metric which proves effective in the conditions of the Polish capital market.  
It allows correct identification and analysis of the periods of greatest turbulence 
on financial markets. All the distinguished periods of market shocks had their 
source outside Poland, which emphasizes the global character of the Polish capi-
tal market and its dependency on global markets. Although stocks of companies 
would behave quite uniformly at crisis peaks, the risk would vary within the 
particular sectors. The banking sector was identified by the index as the most 
susceptible to the events of that period, followed by two more: construction and 
developers. These sectors are most strongly correlated to the dynamics of eco-
nomic growth. It implies reasonableness of inter-sectoral diversification of in-
vestment portfolio and the possibility of using the index under review in con-
struction of an investment strategy. However, it should be pointed out that the 
observed turbulences on financial markets do not correspond to financial results 
of all sectors, which may be due to Warsaw Stock Exchange's dependency on 
world stock exchanges and to the financial situation of foreign investors. It is 
alarming that in the last specified debt crisis in Europe, the risk index model in 
the banking sector resembled the worst wave of the subprime credit crunch that 
took place after Lehman Brothers' crash, while in 2012 – following that period – 
the risk index would still remain on an increased level. Therefore, it may not be 
ruled out that the index, like at that time in the past, is also now signaling enor-
mous problems in real national and global economy in view of the current per-
turbations on financial markets. 
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GEOMETRIA KRYZYSÓW NA RYNKU AKCJI NOTOWANYCH  
NA GIEŁDZIE PAPIERÓW WARTOŚCIOWYCH W WARSZAWIE 

 
Streszczenie: W pracy zdefiniowano i zinterpretowano zmiany zachodzące w przestrzeni 
rynku akcji. Analizie poddano 73 spółki notowane na Giełdzie Papierów Wartościowych  
w Warszawie w okresie od początku 2006 r. do końca września 2012 r. Jest to okres obej-
mujący w całości dwie odsłony kryzysu finansowego – od pierwszych objawów kryzysu 
do momentu, kiedy te badania zostały przeprowadzone. Zbadano dynamikę rynku akcji za 
pomocą wskaźnika, który mierzy zmiany efektu zniekształcenia kształtu przestrzeni rynku. 
Indeks ten opiera się na metodach geometrii euklidesowej. Pozwala on na właściwą identy-
fikację i interpretację najbardziej burzliwych okresów na rynku finansowym. 
 
Słowa kluczowe: rynek finansowy, analiza kryzysu, geometria, przestrzeń rynku. 


