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The impact of capital shortages on the financial
investment sources of family firms
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Abstract

The study investigates the financial investment sources of family firms which face financial
constraints and hose which do not. Its main aim was to identify if capital shortages influence the
investments of family firm. Moreover, the survey was aimed to recognize the differences
between those family firms which experience capital shortages and those which do not. The
results of the investigation are based on the primary research. Presented evidence indicates that
capital shortages do not determine the family firms* investments. However, those family firms
which experience and those which do not experience capital shortages make generally different
choices while financing investments.
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1. Introduction

Each business requires financing to develop and generate its profits. Therefore, family
businesses, just like other companies, need finances for their investments (KMPG
International, 2014). However, there is a fundamental difference between family businesses
and other companies which influences their financial decisions. In family firms, contrary to
non-family enterprises, the family is social-emotionaly involved in the running of the business
(Chua et al., 1999; Gomez-Meja et al., 2007; Sharama & Sharama, 2011). Moreover, family
firms stand out due to intergenerational succession (Beck et al., 2009; Memili & Welsh, 2012)
and the unwillingness of the owners of family firms to lose control over their businesses
(KMPG, 2014).

The focussing of family firms on intergenerational succession enables their owners to have
a longer investment horizon than other shareholders. They usually regard their ownership as
an asset, to be passed on to future generations (Cheng, 2014). Therefore, the owners of family
firms usually try to avoid risky ventures, (Anderson et al., 2003; Chua et al., 2009; Croci et
al., 2011) instead preferring to invest their profits carefully, patiently expecting a return on
their invested capital (Mandl, 2008). However, as Anders (2011) states, family firms invest
irrespective of cash flow availability.

Family firms often perceive maintaining control over their company as a key success
factor. Thus the owners of family firms when making financing choices are likely to keep
control within the family. As a consequence, their sources of financial investments are limited
(KPMG, 2014). The research directed towards this issue reveal that family firms prefer
internal financing. External financing is generally avoided because it is a source of
accountability (Sharma, 2004).

Although the financial sources of family firms may differ from sources used by other
enterprises, the capital shortages they may experience are similar to the shortages that may be
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experienced by other companies. Such shortages may have an impact on the investments of
family firms s well as their choice of investment-sources. Thus the present study aims to (i)
identify if capital shortages influence the investments of family firms; and to (ii) recognise the
differences in the financial investment sources of those family firms which experience and
those which do not experience capital shortages.

This paper is structured in the following way: the next section contains a short outline of
research methodology. Section 3 provides the data analysis and presentation of research
results. Finally, section 4 focuses on research findings. It also comprises of the discussion and
final conclusions.

2. Research methodology

Taking into consideration the research aims and the specificity of family firms the
following hypotheses have been formulated:

H1: The family firms which experience capital shortages undertake significantly less

developmental and replacement investments than those family firms which do not

experience capital shortages.

H2: The family firms which do not experience capital shortages use significantly less

family loans as a source of developmental and replacement investments than those family

firms which experience capital shortages.

H3: The family firms which do not experience capital shortages use significantly less bank

loans as a source of developmental and replacement investments than those family firms

which experience capital shortages.

H4: The family firms which experience capital shortages use significantly less European

Union founds as a source of developmental and replacement investments than those family

firms which experience capital shortages.

H5: The family firms which do not experience capital shortages use significantly more

profits or shareholder funds as a source of replacement and developmental investments

than those family firms which experience capital shortages.

H6: There are no differences in the usage of leasing as a source of replacement and

developmental investments among those family firms which experience and those which

do not experience capital shortages.

In order to verify these hypothesis and to fulfil the research aims, data from primary
research were analysed. The investigation was conducted in Poland. The analysed group was
defined as active family enterprises. The criteria of ownership and management made the
grounds for classification of an enterprise as a family firm. Based on that criteria family firms
were treated as different size and different legal form enterprises, which as a whole or in the
majority belong to one person or to a family; and which is simultaneously managed by
him/them.

The financial sources of investments of family firms became the subject of the study. For
the purpose of the study the developmental and replacement investments were distinguished.
The replacement investments were treated as investments that are undertaken to replace a
firm's plant and equipment or an economy's capital stock, which have become worn out or
obsolete (Collins Dictionary of Economics, 2005). The developmental investments included
the investments aimed to increase enterprises’ production potential or/and to implement new
products (Jajuga & Jajuga, 1996).

For the purpose of the study a structured questionnaire was prepared. Its first version was
modified after the pilot research. The questionnaire consisted of dichotomous and fixed-
alternative questions.
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The final version of the questionnaire was based on a web-site. It was accessible only for
firms invited to the survey by e-mail. The questionnaire was send to all (379) members of
Polish Family Firm Initiative (Inicjatywa Firm Rodzinnych 1FR).138 firms responded to the
survey and 122 questionnaires were fully completed. To increase the consistency of the study
the questionnaire was additionally sent to the family firms whose addresses were received
from research respondents (snowball sampling). Thus 300 new invitations to participate in the
research were sent. As a result 231 fully completed questionnaires were received. Finally, the
sample of 353 family enterprises was gathered. The respondents represented all sizes and all
branches. They were located in all Polish regions.

To achieve the research aims respondents were divided into two groups: (i) those family
firms which experience capital shortages and (ii) those family firms which do not experience
capital shortages. The typical investments’ financial sources of family firms from each of
distinguished group were identified in a correspondence analysis. Moreover, the differences
between their investments’ financial sources were analyzed by X? Pearsona Test. The
significant p-level was set below 0.05.

3. Data analysis and research results

The research results show, that almost every fifth family business had experienced capital
shortages. Although, over 62% of them undertook the developmental investments, and also
31.88% of these firms made the replacement investments. Interestingly, among the family
firms, which had an unlimited access to the capital, the share of these which realised
investments was similar: 65.14% of these firms introduced the developmental investments,
and 28.77% - the replacement investments (Figure 1, Figure 2). Amongst those family firms
which had experienced and those which had not experienced capital constraints no statistical
differences were found, neither in case of the developmental (X?=017; p=0.8975) nor in case
of the replacement investments (X?=0.131; p=0.7174). Thus, the capital shortages had no
influence on the investments which were undertook by family firms.

Figure 1: Developmental investments made by family firms which experience and do not experience capital
shortages (%)
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Figure2: Replacement investments made by family firms which experience and do not experience capital
shortages (%)
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The investments’ financial sources of the distinguished groups of family firms were
differentiated. In the case of developmental investments for those family firms which
experienced capital shortages the most typical funding came from bank loans, leasing and
European Union funds. These firms rarely used funds from family or close friends. Whereas,
for those family firms, which had free access to capital, their most characteristic source of
investments’ finance was from their profits or stakeholders funds. These firms tended to not
to use any other form of financing for the developmental investments (Figure 3).
Nevertheless, amongst those family firms which experienced and those which did not
experience capital shortages no statistical differences were found in the development
investments’ financial sources according to:

o profits/stakeholder founds,

o family/close friends founds,

e leasing,

e European Union funds.

Only in the case of bank loans were statistical differences identified in the financing of
development investments amongst those family firms which faced financial obstacles and the
rest of the firms. Those family firms which experienced capital shortages used significantly
more bank loans as a source of developmental investments than those which had free access
to capital (Table 1).
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Figure 3: Financial sources of development investments in family firms
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Table 1: Chi-square values and significance level for the specified groups of family firms applying to financial

sources of development investments

Credit//bank | European Family/ Leasing Profits/
loans Union friends loans shareholder
founds investment
Chi-square 5.855 3.96 0.876 2.955 0.016
Significance level | 0.0155 0.0785 0.3492 0.0856 0.9002

Source: Own elaboration.

In the case of replacement investments, the basic financial source for family firms which
had not experienced capital shortages were their profits or stakeholder funds. On the other
hand, those family firms which experienced financial constraints used for this purpose
finances originating from bank loans, leasing, European Union funds and funds from family
or close friends. However, none of these financial sources can be regarded as typical with
regards the financing of replacement investments by these group of entities (Figure 4).
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Figure 4: Financial sources of replacement investments in family firms
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In the area of financial sourcing for replacement investments there were no statistical
differences identified amongst those family firms which experienced and those which did not
experience capital shortages. For all investigated variables the significance level did not
exceeded 0.005 (Table 2).

Table 2: Chi-square values and significance level for the specified groups of family firms applying to financial
sources of replacement investments

Credit/bank | European Family/ Leasing Profits/
loans Union friends loans shareholder
founds investment
Chi-square 0.614 0.058 3.772 1.664 0.008
Significance level |0.4332 0.895 0.0521 0.2053 0.9279

Source: Own elaboration.

4. Discussion and conclusions

The empirical evidence indicates that capital shortages do not determine the investments of
family firms (negative verification of hypothesis H1). Neither in the case of developmental
investments nor in case of replacement investments, there was no statistical difference
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amongst family firms which experienced and those which did not experience capital
shortages. Such results indicate that family firms treat investments as an important part of
their strategies. Based on these results one can also conclude that even if family firms meet
some financial constraints they are able to find financial sources which enable them to
undertake these investments. It is probably because all family firms take into consideration
the long-term sustainability (Mandl, 2008; Zahra et al., 2004) and their owners are aware that
investment is an obligatory element of business longevity.

Both, the family firms which experience and those which did not experience capital
shortages used many different financial sources for their investments. For those family firms
which undergo financial constraints it is typical to use credit loans, leasing and European
Union funds in financing the developmental investments. Contrary, for those family firms
which did not experience any financial constraints the profits or stakeholders funds are the
most preferable financial sources for the developmental investments.

In the case of replacement investments’ sources no characterisation can be made for family
firms which experienced capital shortages. For this purpose these firms used credit loans,
leasing, European Union funds as well as funds from family or close friends. Meanwhile,
family firms which did not face financial obstacles the firms’ profits or stakeholder funds
used to finance replacement investments.

Thus, in light of the present research it can be concluded that those family firms which do
not suffer any financial shortages prefer the choice of internal, rather than external funds for
their investments. Meanwhile a lack of internal financing pushes the family firms which faced
financial constraints to external financing. Probably, if they had the sufficient, internal funds
they would also prefer this kind of financing. These results are in accordance with the
“Pecking Order Theory” (POT) which states that firms have a preferred hierarchy for
financing decisions. As POT points the firms give preference to internal financing before
resorting to any form of external funds (Low & Mazzarol, 2006).

Subsequently, the survey shows that those family firms which experience and those which
do not experience capital shortages make generally different choices while financing
investments. However, the only statistical difference among these two groups of family firms
which arises with the reference to chosen variables appears in the usage of bank loans
(negative verification of hypotheses H3, H4, H5 and positive verification of hypothesis H6).
The family firms which did not experience any capital shortages use significantly less bank
loans as a source of developmental investments than those family firms which experience
some capital shortages. These findings enable the partial confirmation of hypothesis H2
which assumed that the same relationship as identified in the case of developmental
investment exist also in the case of replacement investment. However, as it turned out those
family firms which experience capital shortages, compared to the rest of the family
businesses, do not use significantly more bank loans for replacement investments. Apparently,
if it is possible, they try to avoid risk related with this kind of financing.

The results of the present study contribute to the previous research indicating the financial
investments® sources of family firms that experience and do not experience capital
constraints. Moreover, the study confirms earlier research concerning the sources of financial
capital used by the family firms. Similarly, to their conclusions (KPMG, 2014; Shama, 2004),
the present findings indicate that family firms give the highest preference to internal
financing.
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EBIT Construction and Its Impact on ROA: Does it
Affect Corporate Rating?
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Abstract

This paper discusses ways of measuring the financial performance of businesses. The aim is to
determine to what extent the form of profit calculation influence value of return on assets, which
is frequently used as indicator for measuring financial performance. The theoretical part is
focused on the comparative analysis of accounting data based on Czech practices and IFRS with
the in-depth focus on interest charges and reporting requirements. There is discussed the topic of
objective and subjective measurement of financial performance. In the practical part return on
assets is calculated using a profit in two forms of its construction. There are evaluated TOP 100
companies in the Czech Republic in order to assess the differences in the final values of the ROA
indicator. It shall be concluded that this is a pioneer study of this topic in the Czech Republic and
probably also in CEE region.

Key words
Return on total assets, EBIT, financial performance, financial statements, Czech Republic, IFRS

JEL Classification: G30, M41

1. Uvod

Uroven finanéni vykonnosti obchodnich korporaci je pouZzivana pro posouzeni jejich
uspéchu ¢i netispéchu a miry napliiovani vytyéenych cili. Pouze tehdy, pokud se dafi napliovat
stanovené cilové hodnoty, 1ze fici, Ze se vykonnost zvySuje, coZ je bezesporu konecnym cilem
fizeni a planovani na vSech urovnich. Vykonnost je ale vzdy relativni, tudiz samotné zméteni
finan¢ni vykonnosti bez vhodné komparace snizuje informa¢ni hodnotu naméfenych dat.
Srovnavat cilové hodnoty finan¢nich ukazatelti miizeme samoziejmée s vysledky minulych let,
vzhledem ke konkurentlim, pfipadné k primérnym vysledkiim odvétvi, ve kterém obchodni
korporace piisobi, nezli benchmark vzhledem ke své minulosti. Casto se totiz stava, Ze se
finan¢ni vykonnost obchodni korporace v Case zlepsuje, avSak pti porovnani s vysledky jinych
firem je jeji troven stale nedostatecna.

Podstatou hodnoceni relativni vykonnosti je tedy definovani ukazatela, které jsou pro
hodnotitele podstatné a srovnani jejich hodnot s vysledky dosazenymi konkurenci, v odvétvi ¢i
v minulosti. A zde pravé nastava nutnost jednotné shody na konstrukci finanénich ukazatelt
vybranych pro benchmark, jelikoz je tim ovlivnéna nejen jeho kvalita, ale i nasledné rozhodnuti
o ptipadnych ak¢nich krocich pii revizi vykonnosti. Nejenom Ze jednotlivé dimenze financni
vykonnosti 1ze méfit riznymi ukazateli, ale i jednotlivé ukazatele lze Casto pouzivat ve vice
formach jejich konstrukce.

V mnoha vyzkumech je méfeni a hodnoceni finanéni vykonnosti redukovano na posuzovani
rentability, jakozto jedné zjejich nejvyznamnéjSich dimenzi vedle likvidity, aktivity a
zadluZenosti. Pro hodnoceni rentability se nejcastéji pouziva informace o vynosnosti pro
vlastniky ROE (Cisty zisk/vlastni kapital), vynosnosti celkového majetku ROA (EBIT/aktiva)
a ziskové marzi (Cisty zisk/trzby). A pravé rentabilita aktiv a analyza jeji konstrukce je
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piredmétem tohoto piispévku, nebot’ zde v rdmci posuzovani ziskovosti mize nejcastéji dojit ke
zkresleni. Diivodem je vice moznosti vypoctu formy zisku, se kterym dany ukazatel pracuje.
Lze se setkat s konstrukci rentability aktiv i s pomoci ¢istého zisku, avSak pro piesné naplnéni
ucelu toho, co chceme danym ukazatelem zjistit, je vhodnéjs$i pracovat se ziskem, ktery je
nezavisly na kapitalové struktuie a mitfe zdanéni. Produkéni sila majetku neni v Zadném piipadé
ovlivnéna tim, na Gizemi jakého statu je majetek vyuzivan, a také neni mozné jeho produkéni
silu navySovat zptisobem jeho financovani. Proto pfevazuje konsenzus, ze vynosnost majetku
by méla abstrahovat od miry zdanéni a formy financovani aktiv.

Cilem pfispévku je posoudit, zda a jak konstrukce zisku ovlivni kone¢nou hodnotu
produkéni sily obchodnich korporaci méfenou rentabilitou aktiv, ktera patii mezi klasické
ukazatele méfeni finanéni vykonnosti firem.

2. Uéetni vychodiska

V souladu s aktualné platnou legislativou musi veskeré obchodni korporace, které jsou
zapsany ve vefejném rejstiiku zvetejnit své vykazy nejpozdéji do konce nasledujiciho tcetniho
obdobi (tzn. vykazy za Gcetni obdobi 2016 je tieba zvefejnit nejpozdéji do konce roku 2017 za
ptedpokladu, zZe obchodni korporace Uctuje v kalendarnim a ne v hospodaiském roce). Bohuzel
zmeény legislativy od roku 2016 pfinesly nemilou skute¢nost pro uzivatele ucetnich vykazi, kdy
mikro a malé Gcetni jednotky, nejsou-li auditované, zvetejiiuji pouze rozvahu ve zkrdceném
rozsahu a pfilohu. Pro tyto obchodni korporace tak v podstaté neni mozné aplikovat standardni
ptistup k vypoctu ukazatele ROA, nebot’ EBIT at’ jiz ve formé provozniho zisku nebo ve formé
zisku pfed Groky a zdanénim nelze jakkoli vy¢ist.

Proto nasi analyzu zaméfme na auditované korporace, a to prfedevsim stfedni a velké. Tyto
JiZ musi vykaz zisku a ztraty zvetejiiovat vzdy, navic sttedni a velké subjekty jesté zvetejnuji
ptehled o penéZnich tocich a prehled zmén ve vlastnim kapitalu. Z ucetniho hlediska je mozné
polozku zisk pted uroky a zdanénim dohledat ve vykazu zisku a ztraty tak, ze provedeme soucet
polozky zisk pted zdanénim a piipocteme nakladovou polozku ndkladové uroky. Ve finan¢ni
praxi se Casto EBIT ztotoznuje se ziskem provoznim, tehdy tedy za EBIT dosadime pfimo
polozku provozni vysledek hospodatreni. Takto 1ze postupovat u firem, které vykazuji podle
ceské ucetni legislativy, kdy vySe uvedend data (pokud se nejedna o mikro a malé neauditované
subjekty) jsou pomérné dobfe dostupna a zjistitelna. Problém mize nastat u obchodnich
korporaci, které vykazuji podle nadnarodnich pravidel IFRS (International Financial Reporting
Standard). V souladu s IAS 1 ma totiz vykaz zisku a ztraty pomérné minimalistickou podobu,
kdy standardy vyzaduji zvefejnéni pfiblizn€é deseti polozek. Jednou z pozadovanych sic je
provozni vysledek hospodaieni. Pokud bychom vSak chtéli zjistit zisk pfed uroky a zdanénim,
potom jiz nastava prace ucetni detektivni kancelafe Sherlocka Holmese, nebot’ bez problému
dohledatelny je pouze Cisty zisk, v nékterych ptipadech i splatnd a odloZena dan. Co se tyce
nakladovych uroki, obchodni korporace vykazujici dle IFRS se vyjadiuji k polozce finan¢ni
naklady a finanéni vynosy, bohuzel mira detailu oproti agregaci je na jejich posouzeni.

Vzhledem k vybéru firem pro praktickou ¢ast je tieba se jesté vyjadrit k nakladovym trokim
jako takovym. V pojeti ¢eskych tcetnich pravidel jsou jejich soucésti pfedevsim uroky z Giveri
(pokud nejsou kapitalizované do potizovaci ceny dlouhodobého hmotného majetku), ptipadné
kuponové platby z emitovanych dluhopist, ¢i se jednd o sménecny diskont pii eskontu smének.
V pojeti IFRS je vyuziti ndkladovych trokit mnohem rozsifengjsi, a to diky pozadavkim na
vykazovani dlouhodobych pohledavek a dlouhodobych dluhii v amortizovanych nakladech,
tudiz 1 ptipadny nakup zasob s odlozenou splatnosti v sobé tak mlize kondenzovat jistou vysi
nakladovych troktl. Stejny dopad ma i1 vykaznictvi finan¢nich leasingii najemcem, kdy urcita
cast leasingové platby je vykazana jako nakladovy urok, nikoli jako v Ceském prostiedi
provozni naklad ve formé sluzeb. Z tohoto pohledu tak mize nastat zdsadni rozdil v koncepci
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feSeni polozky EBIT, pokud je tieba analyzovat obchodni korporaci vykazujici dle IFRS oproti
obchodni korporaci vykazujici dle ¢eskych pravidel.

3. Objektivni a subjektivni méreni finan¢ni vykonnosti pomoci ROA

Rentabilita aktiv (ROA) je velmi Casto pouzivana pro meéfeni financni vykonnosti
Vv nejriznéjSich védeckych studiich. Finan¢ni ukazatele, véetné ukazatele ROA, lze zméftit jak
objektivné na zakladé dat z ucetni zaverky, tak subjektivné pomoci skal. Pfi pfesném vypoctu
nas ukazatel produk¢éni sily obchodni korporace informuje o tom, jaké mnozstvi zisku
vygenerovala za ucetni obdobi jedna koruna majetku. Je ziejmé, Ze se jedna o kritérium, které
je maximalizacni.

Dokonce i tam, kde je sbér dat o finan¢ni vykonnosti komplikovanéjsi, jelikoz ¢asto nejsou
tyto informace vetejné dostupné ¢i z divodu citlivosti a neochoty firem je poskytovat je nejsme
schopni ziskat, je ziskovost (Casto uvazovana ve formé& rentability aktiv) pouzivana i pro
subjektivni méfeni finanéni vykonnosti (Dess a Robinson, 1984, Pearce a Robbins, 1987, Hart
a Banbury, 1994, Dawes, 1999, Baer a Frese, 2003). Ve vyzkumech je tedy také Siroce rozsitené
m¢éfit vykonnost obchodnich korporaci pomoci subjektivniho hodnoceni, které je brano jako
ekvivalentni objektivnimu méfeni. Nejen vySe uvedené studie prokazaly silné pozitivni
korelace mezi objektivnim a subjektivnim méfenim finan¢ni vykonnosti.

Naptiklad v roce 1984 Dess a Robinson zkoumali moZznosti méfeni vykonnosti obchodnich
korporaci Vv piipadé¢, kdy nejsou dostupna objektivni métitka na pripadu soukromé vlastnénych
firem a konglomeratd. Ve vyzkumu byla sbirana data od 26 vyrobnich firem v USA. Korelace
mezi subjektivnim a objektivnim méfenim ROA byla 0,611 (p < 0,01) (Dess a Robinson, 1984,
str. 268 - 269). Pro subjektivni méfeni ROA byla pouzita pétibodova Likertova $kala, kde
dotazovani byli zastupci top managementu, ktefi méli za tkol v daném ukazateli porovnat jejich
firmu s podobnymi v jejich odvétvi a regionu. Subjektivni ukazatele nejcastéji zadaji
respondenty, aby ohodnotily vykon v jednotlivych ukazatelich vzhledem k jejich konkurentim
¢i vykonu daného odvétvi; jsou tedy relativni, ale objektivni métitka jsou absolutni (napt. zisk
na jednu korunu aktiv).

Dal8i empirickd studie dokladajici platnost konvergence subjektivnich a objektivnich
méfitek finan¢ni vykonnosti je z roku 2003. Baer a Frese (2003) realizovali vyzkum na 47
sttedné velkych némeckych prumyslovych firmach, kde byla subjektivni vykonnost hodnocena
managementem prostiednictvim nasledujicich dvou otazek. Jak uspé$na je vase obchodni
korporace ve srovnani s jinymi ve stejném odvétvi a priblizné stejné velikosti? Do jaké miry
dosahla vase obchodni korporace nejvyznamnéjsich cili? Otazky byly slouc¢eny do jednoho
indexu nazvaného ,,Dosahovani firemnich cilti* (Cronbach alfa 0,83). Objektivné byla finan¢ni
vykonnost méfena pomoci ROA, ktera je vhodna pro méteni provozni efektivity, nebot’ odrazi
dlouhodobou finan¢ni silu obchodni korporace. Hodnota korelacniho koeficientu ¢inila 0,41
(Baer a Frese, 2003, str. 10).

Jednim z nejnovéjSich vyzkumi zabyvajici se také opodstatnénosti subjektivniho méfeni
firemni vykonnosti je prace z roku 2016 od autori Sandeep a Harpreet. Vyzkum vychazi z dat
171 kétovanych firem na indické burze. Na jejich ukazatelich vykonnosti se téz prokazala silna
pozitivni korelace (Sandeep a Harpreet, 2016).

Prevazna vétsina studii zamétujicich se na zkoumani vlivl riznych oblasti z psychologie,
managementu Ci strategie na vykon firmy se spoléha na subjektivni méfeni vykonnosti na
zaklad¢ odpovedi respondent spiSe nez na jeji méfeni na zakladé dat z ovéfenych ucetnich
vykazt (Watt a kol., 2004). Subjektivni méfeni vykonnosti je bezpochyby efektivni z hlediska
nakladovosti, jelikoz tyto idaje mohou byt sbirany pomoci dotaznikii ¢i rozhovort nehledé na
to, ze u mnohych firem nejsou ucetni data ani vefejné k dispozici, ptipadné jsou data
agregovana do takové podoby, kterd neni pro dany vyzkum a planované analyzy vhodna.
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Subjektivni méfeni vykonnosti je vhodné také tehdy, pokud obchodni korporace ve vybéru
pochazeji z riznych odvétvi, a maji tedy pravdépodobné odlisné cile (resp. cilové hodnoty
danych ukazatelt) (Fey a Beamish, 2001).

4. VyzKkum

Za vybérovy soubor byl bran monokriterialni ranking 100 nejvyznamnéjsich firem CR, ktery
je sestavovan podle vyse trzeb spolecnosti CZECH TOP 100, a.s. Tato spole¢nost plisobi v
Ceské republice od roku 1994 a pravidelnd vyhlasuje nékolik rankingi, zakladanych na
objektivnich kritériich a sestavenych ve spolupraci s prednimi odborniky. Pro kazdou obchodni
korporaci byly ze sbirky listin vefejného rejstiiku dohledany hodnoty Gcetnich polozek pro
konstrukci rentability aktiv v roce 2015 a 2016 ve dvou formach konstrukce Citatele. Prvni
formou je uvazovani zisku ve formé provozniho zisku standardné¢ uvedeného ve vykazu zisku
a ztraty a ve druhé formé je uvazovan zisk ve formé EBIT, ktery je kalkulovén jako Cisty zisk
navySeny o dan¢ a nakladové uroky. U tiech obchodnich korporaci nebyly ve vetejném rejstiiku
dostupné informace o ucetnich polozkach pottebnych k vypoctu produkéni sily a u dvou
obchodnich korporaci byly dohledatelné informace pouze za jeden rok, tudiz tyto byly z dalsi
analyzy vylouceny a pracovano bylo s 95 firmami. Z téchto 95 firem jich 21 vykazuje podle
pravidel IFRS, a pouze 18 firem je auditovano jinou firmou nez auditorskou spole¢nosti z tzv.
Velke ctytky (PwC, Deloitte, EY, KPMG).

V ramci analyzy byla v kazdém roce zmétena finanéni vykonnost pomoci ukazatele ROA
ve dvou formach vypoctu. V prvnim ptipad¢ byl zisk kalkulovan jako provozni zisk ziskany
rozdilem vSech provoznich vynost a nakladl, ve druhém piipadé byl zisk ve formé EBIT
zkonstruovan jako soucet vysledku hospodafeni za ucetni obdobi po zdanéni, dani a
nakladovych urokd. Nésledné¢ byly hodnoty ukazatele ROA porovnany a zkouméano, zda
dochazi ve vypoctech k vyznamnému zkresleni, ¢i zda je vypocet zisku v podstaté irelevantni.
Pokud stanovime akceptovatelnou hranici odchylky v kone¢né hodnoté¢ ROA na Grovni 5 %,
Vv roce 2016 zjistime, Ze u 48 obchodnich korporaci je odchylka menSinez 5 %; u 47 obchodnich
korporaci je tedy zkresleni rGznou formou vypoctu provozniho zisku nezanedbatelné.
V ptedchozim zkoumaném roce 2015 zjistime, ze u 49 firem je odchylka mensi nez 5 %
vV kone¢né hodnoté ukazatele ROA; u 46 firem je tedy zkresleni riiznou formou vypoctu
provozniho zisku nezanedbatelné. Vysledky se na prvni pohled mohou zdat viceméné stejné,
avsak nejedna se vzdy o ty samé obchodni korporace Vv jednotlivych skupinach. U firem, kde
bylo zkresleni vyznamné, Ize nalézt vyrazné vysokou realizaci finan¢nich vynost vzhledem
k finan¢nim nakladiim, coz vyrazné nadhodnocuje zisk ve forme& EBIT (hruby zisk + nakladové
uroky) vzhledem k provoznimu zisku, ¢i naopak vyrazné¢ zaporny financ¢ni vysledek
hospodateni v mnoha piipadech zpisobi, Ze je provozni zisk vyrazné vyssi nez EBIT.

U 34 obchodnich korporaci (35,8 %) dochazi k vyznamnému zkresleni hodnot ukazatele
ROA v obou zkoumanych letech. U 13 obchodnich korporaci (13,7 %) dochazi k vyznamnému
zkresleni jen v roce 2016 a u 12 obchodnich korporaci (12,6 %) dochazi k vyznamnému
zkresleni hodnot ROA jen v roce 2015. U 36 obchodnich korporaci (37,9 %) tedy ani v jednom
zkoumaném obdobi nedochdzi k vyznamnému zkresleni hodnoty ROA diky rtzné formé
vypoctu zisku. Vysledky nazorné reprezentuje nasledujici graf.

Graf 1: Kolacovy graf rozdilii ve vypoctu ROA v letech 2015 a 2016
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14%

Bez zkresleni
B Zkresleni v obou letech
H Zkresleni jen v roce 2015

Zkresleni jen v roce 2016

Zdroj:Autori

Vybér konstrukce ukazatelti neni dilezity jen pro kvalitni benchmark, jak jiz bylo zminéno
Vv textu, ale i pro ranking, kde konstrukce ukazatele dokaze velmi vyznamné ovlivnit kone¢né
pofadi obchodnich korporaci. Nasledujici tabulky ukazuji, jak se zna¢né v letech 2016 a 2015
1isi potadi na prvnich deseti mistech.

Tabulka 1:Ranking podle ROA v roce 2016

Poradi
VvV roce Provozni
2016 Podnik zisk/Aktiva Podnik EBIT/Aktiva
1 Continental HT Tyres, s.r.0. | 109,56% Continental HT
Tyres, s.r.0. 109,89%
2 Continental vyroba 104,69% Continental vyroba
pneumatik, s.r.o. pneumatik, s.r.o. 105,04%
3 HENKEL CR, spol. s r.o. 42,47% VEOLIA Ceska
republika, a.s. 89,25%
4 LETISTE PRAHA, a.s. 36,91% AT Computers a.s. 72,36%
5 Automotive Lighting s.r.o. | 29,25% DEK a.s. 54,15%
6 Fehrer Bohemia s.r.o. 26,18% HENKEL CR,
spol. s r.o. 42,01%
7 SAINT-GOBAIN ADFORS | 23,11% LETISTE
CZs.r.o. PRAHA, a.s. 37,01%
8 Alza.cz 21,94% Automotive
Lighting s.r.o. 29,52%
9 Prazska plynarenska, a.s. 21,73% Fehrer Bohemia
S.I.0. 26,63%
10 Philip Morris CR a.s. 21,28% SAINT-GOBAIN
ADFORS CZ s.r.o. 23,13%
Zdroj: Autori
Tabulka 2:Ranking podle ROA v roce 2015
Poradi
vV roce Provozni
2015 Podnik zisk/Aktiva Podnik EBIT/Aktiva
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1 Continental HT Tyres, s.r.0. 106,69% Continental HT

Tyres, s.r.o. 107,25%
2 Continental vyroba pneumatik, | 103,70% Continental

S.r.o. vyroba

pneumatik, s.r.o. 104,19%
3 LETISTE PRAHA, as. 31,05% AT Computers

a.s. 71,05%
4 Fehrer Bohemias.r.o. 27,05% VEOLIA Ceska

republika, a.s. 48,44%
5 Alza.cz 26,28% LETISTE

PRAHA, a.s. 31,38%
6 HENKEL CR, spol. s r.o. 25,90% HENKEL CR,

spol. s r.o. 25,43%
7 Automotive Lighting s.r.o. 24,30% Automotive

Lighting s.r.o. 25,20%
8 ABB s.r.0. 22,74% Fehrer Bohemia

s.r.o. 25,19%
9 Philip Morris CR a.s. 22,68% Alza.cz 24,65%
10 02 Czech Republic a.s. 21,79% Philip Morris CR

a.s. 22,69%

Zdroj: Autori

Jak je z vySe uvedenych dat patrné, vysokou uroven komparability si drzi obchodni
korporace z holdingu Continental (HT Tyres vs. vyroba pneumatik), které¢ vykazuji obé dle
¢eskych ucetnich pravidel. Vysledky Letisté Praha do urcité¢ miry ovlivituje finan¢ni vysledek
hospodateni jinych analyzovanych subjekti, a tak si stoji 1épe v zebticku dle provozniho zisku
spiSe nez dle zisku pted Groky a zdanénim.

5. Zavér

Vysledky vyzkumu prokézaly, Ze odliSné pojeti Citatele rentability celkového kapitalu miize
mit pomérné zasadni dopad na ranking obchodnich korporaci. Jak je patrné, pouze u jedné
tietiny firem nedochdzi k zdsadnimu zkresleni informaci, pokud analytik zaméni poloZzky
provozniho zisku a zisku pted uroky a zdanénim. U druhé tfetiny firem pfi této zdmeéné dochazi
k zasadnimu zkresleni v obou sledovanych odvétvich, navic u 11 z nich jde o opacné trendy
V obou sledovanych obdobich (pozitivni zména dle provozniho zisku, negativni zména dle
zisku pted Groky a zdanénim a naopak).

Na zaklad¢ analyzy vSak nelze fici, ze by k tomuto zkreslovani dochéazelo castéji u
obchodnich korporaci vykazujicich dle ceskych pravidel nebo obchodnich korporacich
vykazujicich dle IFRS. Hlavni dopad na zkresleni maji bezesporu finan¢ni operace
analyzovanych obchodnich korporaci, které¢ mohou vést k zasadnim rozdilim mezi provoznim
ziskem a ziskem pted roky a zdanénim.

Vzhledem Kk tomu, ze se jedna o pravdépodobné prvni studii tohoto typu v ¢eském prostiedi,
ale pravdépodobné i v zemich stfedni a vychodni Evropy, je tieba konstatovat i omezeni
stavajiciho pristupu, kdy se autofi vé€novali firmam z TOP100 a nikoli jednomu ¢i vice
konkrétnim odvétvim, kde by bylo dosazeno vyssi komparability dat. Z tohoto divodu autofi
zvolili rankingovy ptistup k vyhodnoceni vysledka.
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Acquisition of the company: plan for the first 100
days

Martin Svitil!

Abstract

The mergers and acquisitions is an important and often discussed topic currently. There are
many articles describing the decision making before the acquisition as well as the process of the
acquisition itself. Much less attention is paid to the phase after the acquisition, especially to the
short period, when the freshly acquired company formally belongs to the group / mother
company, but it is not yet put in the organizational structure, in the system of the corporate
governance etc. Nevertheless this phase can show to be very important for the further running of
the acquired company, for keeping of the important staff etc. This article offers an overview of
important steps and goals, which should be implemented in the first phase after the acquisition,
defined in a symbolic way as first 100 days. As the source of the data a real example of an
acquisition is used, specifically an acquisition of a small bank in an european (but non-EU)
country.

Keywords
Acquisition, merge, M&A, bank, corporate governance

JEL Classification: G34

1. Uvod

Problematika podnikovych akvizici (mergers and acquisitions, M & A) je vyznamnou
soucasti dnesni ekonomické reality. Pro ilustraci: hodnota transakci uskute¢nénych v ramci
fazi a akvizic v zemich stfedni a vychodni Evropy dosahla v roce 2016 hodnoty 86,7 miliardy
eur, z toho 8,74 miliardy eur v Ceské republice (patria.cz 2017).

Mij ¢lanek se zabyva obdobim tésné po realizaci akvizice podniku (piesnéji banky), kdy
akvirujici spolecnost provadi prvni a v mnoha ohledech zasadni kroky a zmény v akvirované
spole¢nosti. Vychazim ze situace slouceni ¢ili fuze (acquisition), kdy jedna (akvirujici)
spole¢nost existuje dal, zatimco druha (akvirovand) spole¢nost mizi. Je tedy jednoznaéné
rozliSeny nastupnicky a zanikajici podnik. Akvirujici spole¢nost ma obvykle piipraveny vice
¢i mén€ podrobny plan nutnych Cinnosti, véetné casového rozvrhu. Bézné se Vv odborné
literatufe hovoii o hranici prvnich 100 dni od akvizice pro provedeni zasadnich kroki, nebo
pfinejmensim jejich prvni viny.

Epstein (2005) uvadi post-akviziéni integraci jako jeden ze Sesti determinantli uspéchu
akvizice. Podle n¢j musi byt integracni proces a nova strategie spojenych spolecnosti jasné
dand a musi byt dobfe definovana nova organizacni struktura. Zdlraziuje mj. vyznam fizeni
lidskych zdrojt, vztahl se zdkazniky a také technickych otdzek (z dne$niho pohledu ziejmé
zejména tykajicich se IT). Klicova rozhodnuti musi byt podle Epsteina u€inéna pokud mozno
rychle. Ostatné i ve své piedchozi praci (Epstein 2004) zdiraziiuje rychlost jako jeden z péti
faktorti pro UspéSnou integraci a uvadi, ze vétSina planovani by méla byt hotova jesté pred
vefejnym oznadmenim akvizice. Uvadi ptiklad spolecnosti Lucent, jejiz integracni program byl
nastaven na ,,obligatnich® 100 dni. Naopak pfili§ pomala integrace ohrozuje podle Epsteina
jak udrzeni dtlezitych zaméstnanct, tak zdkazniki.

! Ing. Martin Svitil' Ph.D. Soukroma vysoké §kola ekonomicka Znojmo, E-mail: svitil.martin@svse.cz
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Angwin (2004) uvadi, Ze obdobi prvnich 100 dni po akvizici byva ¢asto chapano jako
kriticky dilezité a béhem néj uskuteénéné zmény se stavaji uréitym benchmarkem, métitkem
uspésnosti akvizice. Uvadi napf. s odkazem na Ashkenase (1998, podle Angwin 2004), Ze ve
spolec¢nosti GE Capital se povazuje za zasadni pfipravit integracni plan pro prvnich 100 dni.
Podobné stanovisko uvadi i Feldman a Spratt (1999, podle Angwin 2004), tedy ze b&hem
prvnich 100 dni kdy pietrvava entuziasmus zaméstnanct, tolerance zakaznikl a trpélivost
akciovych trhli, by mély byt spustény vSechny vyznamné zmény v nove ziskané spolecnosti.

Jako piredpokladané (1) vyhody co nejrychlejsiho provadéni zmén uvadi Angwin (2004)
zrychleni navratnosti investice a zkraceni obdobi nejistoty (a nepotvrzenych zprav
rozSitovanych po firm€) pro zaméstnance i ostatni stakeholdery. Rychlé provadéni zmén
muze podle hypotéz také zkratit obdobi, kdy organizace funguje v neoptimalnich podminkach
a diive provedené zmény obvykle ptindseji vétsi efekt nez pozdejsi.

Vlastni Angwintiv vyzkum formou dotazniku na vzorku 70 akvizic (z 232 obeslanych) ve
Velké Britanii dospél ovSem k pon¢kud odlisSnym zavérim. Podle né€j hranice 100 dni neni
optimalni pro méfeni post-akvizi¢niho Uspéchu, i kdyZ mnozi manazefi ji stale berou v tivahu
a prvni zmény a opatieni po akvizici k této hranici smétuji. To ostatn€ plati i pro spole¢nost
sledovanou v nasledujicich kapitolach tohoto ¢lanku. Podle Angwina jde ovSem spiSe o
konvenci nez o skute¢né zasadni hranici ¢i zlom v post akvizi¢ni ¢innosti podniki.

V dal§im textu z roku 2015 se Angwin s Meadowsovou vénuje post-akviziénim strategiim
a managementu (Angwin, Meadows 2015). Identifikuji pét zakladnich strategii, z nichz tfi
V podstaté vychazeji z existujici literatury a dvé jsou nové. Jde o nasledujicich pét strategii:
,Intensive Care*, ,,Preservation, ,,Absorption“, ,.Symbiosis“ a ,,Re-orientation* (pficemz
nové jsou prvni a posledni jmenovand). Strategie se liSi podle miry pfenosu znalosti mezi
akvirovanou a akvirujici spolecnosti a podle zachované miry autonomie pro akvirovanou
spole¢nost.

Quah a Young (2005) se vénuji preshrani¢nim akvizicim a navrhuji, aby v zajmu zvySeni
pravdépodobnosti Uspéchu doslo k rozdéleni post-akvizi€niho procesu na nékolik fazi
S jednotlivé definovanymi €innosti a cili. Na pfikladu ¢tyf akvizic provadénych americkymi
spole¢nostmi v zahrani¢i ukazuji, Ze v prvnich letech po akvizici zistal na misté pivodni
vrcholny management a akvirujici spolecnosti pfili§ nepospichaly s reorganizaci ani jinymi
podstatnymi zasahy do struktur ovladnutych spole¢nosti, nebot’ si nejprve chtély naucit
pohybovat na pro né novych lokalnich trzich. Po tfech a vice letech dochazelo k vyméné top
managementu akvirovanych spole¢nosti a v souvislosti s tim i k podstatnému zrychleni a/nebo
zvySeni UspéSnosti zmén v akvirovanych spolecnostech. Noveé jmenovani c¢lenové
managementu byli vétSinou opét ze stejného lokalniho prostredi jako akvirované spolecnosti
(at’ uz ziskani od konkurence nebo povysSeni v rdmci spole¢nosti), nebot’ existovaly snahy o
udrzeni image akvirovanych firem jako domacich spolec¢nosti na jejich lokélnich trzich. Ve
vysledku v§ak Quah a Young doporucuji zejména u mezinarodnich akvizic neuptednostiiovat
rychlost zmén reorganizace za kazdou cenu.

2. Data a metodologie

Mty cClanek se zabyva analyzou realného planu post-akviziénich €innosti pro obdobi
prvnich 100 dni od akvizice. Jde o plan, ktery byl pfipraven a realizovan v rdmci mensi banky,
sidlici v Ceské republice, oviem se 100% zahrani¢nim kapitalem. Pravé onen zahrani¢ni
vlastnik banky se rozhodl koupit jinou malou banku, sidlici a plisobici v jisté balkanské zemi
mimo EU. Transakce se uskutecnila a nové akvirovana banka byla do skupiny zatazena jak
100% dcera ¢eské banky. Z pochopitelnych diivodi neni mozné ob¢ spole¢nosti jmenovat.
Poznamka: pokud v nasledujicim textu hovotfim o ,,skupiné®, mysli se tim akvirujici ceska
banka a dalSi spolupracujici zahrani¢ni banky, propojené kapitalovym vlastnictvi. Nejde o
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skupinu ve smyslu konsolida¢ni skupiny - konsolidace mezi t¢mito bankami doposud nebyla
provadéna.

Piedmétem zkoumani tedy byla banka a vybrané procesy v ni probihajici. Byl pouzit
postup spocivajici ve sbéru empirickych dat, jejich posouzeni dle kritérii verifikovatelnosti a
relevantnosti a aplikaci metody indukce bylo nésledné provedeno vyvozeni obecnych
doporuceni.

3. Vysledky: Post-akvizi¢ni plan pro prvnich 100 dni

Post-akvizi¢ni plan pro prvnich 100 dni byl pfipraven akvirujici bankou za spoluprace
pfizvané poradenské spolecnosti, kterd ovSem meéla za kol predevS§im provedeni due
dilligence v akvirované bance a pfipravu smluvni dokumentace spolu s pravni strankou celého
akvizi¢nitho procesu. Po uskutecnéni samotné akvizice uz nebyla role poradcti nijak
vyznamnd, naopak vétSinu post-akvizicnich ¢innosti méli na starosti pracovnici Ceské
(akvirujici) banky. Pro vétSinu z nich Slo o novou zkuSenost, nebot’ dosud nebyla v rdmci
bankovni skupiny pod tuto ¢eskou banku zafazena zadna jina spole¢nost, a to ani formalné
(majetkove), ani z hlediska fizeni. N¢ktefi vedouci pracovnici nicméné méli zkuSenosti
z piedchoziho piisobeni ve vétsich bankach (v CR i zahrani¢i), kde se s Fidicimi procesy
Vv ramci veétsi skupiny a vztahti matka - dcera setkavali.

Vlastni post-akvizicni plan pro prvnich 100 dni po akvizici byl rozdélen do deseti okruh,
a to na zékladé vécného Clenéni, které jen castecné odpovidalo organizacni struktufe obou
angazovanych bank. Jednotlivé okruhy - kterym se nize vénuji podrobnéji - pak byly
rozd€leny na jednotlivé body / tkoly, pficemz odpovédnost za jejich naplnéni byla pridélena
jednotlivym oddélenim akvirujici banky resp. vedoucim téchto oddéleni. Téchto ukoll bylo
v plnu zahrnuto celkem 52, a to nerovnomérné v ramci jednotlivych okruht - na jeden okruh
pfipadalo maximalné sedm, v jednom piipad€ ovSem také pouze jediny tkol.

Pro kazdy jednotlivy ukol pak byl stanoveny i ¢asovy ramec na jeho splnéni. Jednotkou
¢asového ramce byly tydny, kterych bylo do planu zahrnuto celkem 14, v souladu s celkovym
rozsahem planu na 100 dni. Nicméné lze konstatovat, Ze splnéni pievazné vétSiny kol
(ptesné 44 z celkovych 52, tj. 84,6%) bylo rozvrzeno do prvnich Sesti tydna planu.

3.1 Okruh 1: Organizaéni zaleZitosti

V prvnim okruhu se post-akvizi¢ni plan zamétuje na nejdulezitéjsi zmeény v organizacni
struktufe akvirované banky. Jednotlivé tikoly jsou pouze tfi a jsou formulovany dost obecné:

1) Zformovat navrh pracovni skupiny (Working Group), sestavit pracovni skupinu, zahajit
podavani tydennich reportl o vSech zélezitostech post-akvizi¢niho planu.

Jde o zastteSujici kol pro vSechny ostatni, napliiovani ma logicky probihat hned od
prvniho tydne po akvizici.

2) Rozhodnout o optimalizaci personalniho obsazeni akvirované banky (v¢. ptipadného
propousténi) a zreformovat organiza¢ni strukturu banky.

Diiraz je kladen na to, aby upravena organizac¢ni struktura byla pokud mozno plocha, coz
souvisi mj. 1 s pfenosem nekterych rozhodovacich pravomoci a odpovédnosti na novou
matefskou banku v CR. Vzhledem Kk navaznosti na mnoho dil¢ich ukolt a analyz (viz niZe)
jde o relativné dlouhodoby ukol (v métitku 100 denniho planu), ktery mé byt dokoncen do 12.
tydne planu.

3) Svolat strategické zasedani (Strategic Session) k provedeni analyzy a nalezeni trzniho
potencialu a vhodné trzni pozice pro banku. Na zaklad¢ vysledki strategické analyzy pfipravit
navrh na budouci vyvoj a obsazeni managementu banky na trovni pfedstavenstva (Board of
Directors).
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o zéklad dlouhodobého planovani fungovani akvirované banky. Z hlediska 100 denniho planu
je naplnéni tohoto tkolu logicky o¢ekavano az na jeho konci, ve 14. tydnu.

3.2 Okruh 2: Priprava analyz a manaZerskych reporti pro akvirujici ¢eskou banku

1) Nastavit existujici manazerské reporty tak, aby odpovidaly pozadavkim akvirujici
banky.

Kratkodoby tkol hned pro prvni pracovni tyden post-akvizi¢niho planu, nutna podminka
pro veskeré nasledujici kroky fizeni. SpiSe technicka zalezitost, umoznujici managementu
akvirujici banky resp. celé skupiny ziskat a udrzet si ptehled o situaci. Pfijemci informaci jsou
piedevsim predstavenstvo a vedouci jednotlivych oddéleni akvirujici banky, ve druhém sledu
samoziejme 1 jeji dozorci rada (v niz je ¢lenem 1 majitel banky), auditni vybor atd.

2) Piiprava analyzy rozvahy akvirované banky s dirazem na podminky, splatnosti a sazby
u jednotlivych polozek aktiv a pasiv rozvahy.

Prioritni kol s terminem béhem prvnich dvou pracovnich tydnti. Struktura bankovnich
aktiv a pasiv je akvirujici bance samoziejmé¢ zhruba znama z due dilligence, ale teprve po
formalnim dokonceni akvizice lze pocitat s kompletnim pfistupem ke vSem internim
informacim.

3) Ptiprava analyzy rozpoctl a planli akvirované banky a sestaveni dynamického modelu
vystupt klicovych aktivit banky.

Navazujici na ptredchozi tkol, sterminem ve tfetim tydnu post-akviziéniho planu.
Technicky i odborné naro¢ny tkol s relativné kratkym ¢asem na realizaci, nicméné zde se
spocitd s vyuzitim existujiciho know-how akvirujici banky.

4) Skoleni analytik akvirované banky zaméfené na efektivni fungovani pobockové sité a
zformovani doporuceni pro jeji optimalizaci do budoucna.

Zde je post-akvizi¢nim planem stanoveno o¢ekavané splnéni ve druhém tydnu.

5) Analyza bankovnich produktl a vytvofeni doporuceni pro zménu tarifll / sazeb a zruseni
pfipadnych neefektivnich produkta.

Opét se podle planu ocekava splnéni béhem druhého tydne. Vzhledem k velikosti
akvirované banky jde ale o snazsi a rychleji proveditelny kol neZ v pfipad¢ analyzy
pobockove sité.

6) Analyza vynosnosti bankovnich klientd a podil skupiny klicovych klientli na vynosnosti
banky jako celku.

Pro tuto analyzu je napldnovany termin ve tfetim a Ctvrtém pracovnim tydnu post-
akvizi¢niho planu. Tento a také pfedchozi kol do jisté miry souvisi s ukoly sedmého okruhu
(viz niZe).

7) Analyza efektivnosti bankovnich proces a pfiprava navrhll na jejich optimalizaci a
zvySeni efektivnosti.

Planovanym terminem je v tomto piipadé tieti a ctvrty tyden po optimalizaci. Pon¢kud
obecné¢ji formulovany tkol, v podstaté umoziujici zahrnuti 1 téch procest, které nejsou
konkrétnéji zminény v ostatnich okruzich / tikolech.

3.3 Okruh 3: Risk management, schvalovani (Underwriting) a vymahani (Collection)

1) Analyza existujicich rizik v bankovnich procedurach a dokumentech. Ptiprava navrhili na
jejich zménu.

2) Analyza skutecné kvality portfolia poskytnutych uvéri a piiprava navrhi na
(pte)nastaveni bankovnich produktii z pohledu rizika. Vytvoreni odpovidajiciho monitoringu.

Vyse uvedené dva tkoly jsou zdsadni z hlediska fizeni rizik v rekvirované bance a maji
byt podle planu provedeny hned v prvnich dvou tydnech po akvizici. Opét jde o rozsiteni jiz
existujicich informaci a znalosti z due dilligence s vyuzitim internich udaji, dostupnych az po
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piipadé na odd¢leni risk managementu akvirujici banky, nicméné zdaleka ne pouze na né¢j. Pro
prvni kol je napiiklad nezbytna spoluprace s pravnim oddélenim, piipadné¢ compliance, pro
nasledujici (nize uvedené) ukoly je nutné zapojeni personalniho oddéleni (HR) apod.

3) Ohodnoceni kvalifikace personalu zapojeného do procesu ohodnocovani rizik (Risk
assessment), schvalovani, ocenovani zaruk a zajisténi (Collateralu), definovani rizikovych
politik a vyméhani. Pfiprava navrht na optimalizaci.

Casové jde o proces navazujici na piedchozi dva, nebot s jeho naplnénim se pocita ve
tietim a ¢tvrtém tydnu planu.

4) Pfiprava predpisu k povinné ucasti vybranych zamé&stnanci banky v komisi pro uvérova
rizika bankovni skupiny.

Jde o pfipravu zapojeni pracovnikii akvirované banky do celoskupinového fizeni
uvérovych rizik na urovni pravidelného zaseddni komise bankovni skupiny. Jde o relativné
snadny, spiSe technicky krok, realizovatelny snadno jiz v prvnich dvou tydnech po akvizici.

5) Ohodnoceni vykonnosti a kvalifikace personalu zodpovédného za vymahani
(Collection). Ptiprava navrhi na zlepSeni efektivnosti procesu vymahani a na optimalizaci
stavu personalu.

Ukol pro tieti a &tvrty tyden post-akviziéniho planu.

6) Zavést mesicni report o fizeni rizika v souladu s pozadavky skupiny.

Ponékud ptekvapivé zde plan pocitd s delSim obdobim realizace, pocinaje ve tfetim a
konce az v Sestém tydnu. Pravdépodobné jde o dusledek relativné rozséhlych a podrobnych
pozadavkl na reporting, vyzadujicich mj. implementaci nékterych softwarovych ndstroja
v akvirovné bance v¢. jejich sladéni se stavajicim bankovnim IT systémem a nastaveni
datovych vystupt tak, aby byly kompatibilni se systémy akvirujici banky popt. ostatnich
¢lenti bankovni skupiny.

7) Identifikace rizik v ramci téch procest akvirované banky, které neni mozno pfizpisobit
podobé procesit v bankovni skupiné (resp. v Zadné z bank akvirujici skupiny) a pfipravit
navrhy na minimalizovani negativnich dopadi v pfipadé prodeje téchto rizik resp. aktivit,
S nimiz tato rizika souviseji.

Zde se akvirujici bankovni skupina pfipravuje na eventualitu, Ze nékteré procesy
akvirované banky nebude mozZné resp. efektivni uvést do souladu se stavajici strategii
skupiny. V takovém ptipadé se pocita s identifikaci rizik takovych procesi a s pfipravou na
jejich ptipadny prodej. Vzhledem Kk narocnosti takového ukolu je realistické pocitat s delSim
obdobim, coZ plan alespoii ¢astecné reflektuje zafazenim do tietiho az Sestého tydne.

3.4 Okruh 4: Finan¢ni sprava (Treasury) a fizeni likvidity

1) Otevieni vzajemnych korespondencnich ucth mezi akvirujici a akvirovanou bankou.

2) Nastaveni zprostfedkovatelské vazby a otevieni depozitnich Gctl.

V obou ptipadech jde o ukoly technického rdzu, které maji podle planu byt naplnény
be&hem prvnich dvou tydn.

3) Analyza mozného umisténi fondld na lokalnim trhu a pfiprava navrhl na efektivnéjsi
vyuziti likvidnich aktiv akvirované banky.

Zde jde naopak o komplexnéjsi ukol, ptfesto je v post-akviziénim planu ptredpokladano
jeho splnéni hned béhem prvniho tydne. To by ovSem vyzadovalo intenzivni nasazeni lidi
z akvirujici banky a zfejmé i intenzivni spolupraci s kolegy z nové akvizice, zejména kvili
znalosti lokalniho trhu.

4) Zjistit moznosti redukce nakladt pfi vyuzivani Reuters Dealingu vzhledem k tomu, Ze
akvirovana banka se stane soucasti bankovni skupiny.

Pon¢kud piekvapivé je na tento ukol v planu vyclenéno hned obdobi ¢tyt tydnt, a to hned
prvnich Ctyf po akvizici.

5) Ohodnoceni vykonnosti a kvalifikace personalu oddéleni Treasury a pfiprava
doporuceni pro optimalizaci.
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Podobné jako v ukolu tykajicim se oddéleni Risk managementu v piedchozi kapitole se
s naplnénim tohoto ukolu pocita ve tfetim a ¢tvrtém tydnu planu.

6) Urcit potieby banky tykajici se korespondenénich ucti a rozhodnout o piipadném
uzavieni existujicich nadbyte¢nych exitujicich ucti.

Zde se reflektuje skuteCnost, ze akvirovand banka nejen vstupuje do nové bankovni
skupiny, ale zaroven opousti dosavadni finan¢ni skupinu. RuSeni vazeb je nicméné proces
vyzadujici urcity ¢as, proto je naplanovan na tieti az Sesty tyden po akvizici.

3.5 Okruh 5: Ohodnoceni kvality IT-infrastruktury a pracovniki IT

1) Ohodnoceni bankovni IT infrastruktury a pfiprava doporufeni pro zvyseni jeji
efektivnosti.

Zakladni analyza pro tento okruh je pldnovana na tieti a Ctvrty tyden post-akvizicniho
planu.

2) Ohodnoceni kvalifikace zaméstnancti oddéleni a plany Skoleni pro jeji zvySovani.

Z hlediska casového jde o kol s relativné nizsi prioritou, zatazeny do sedmého a osmého
tydne planu, i vzhledem k del$i dobé névaznych Cinnosti (tj. pfipravy a realizace vlastnich
Skoleni atd.).

3) Ohodnoceni kapacity lokalniho automatického zalohovaciho systému (ABS = Automatic
Backup System) a provedeni studie pro perspektivni za¢lenéni do systému matei'ské banky.

Naplanovano na tieti az Sesty tyden po akvizici. Zakladni informace o zalohovani jsou
soucasti due dilligence, vzhledem Kk jeho vysledkim ziejmé nejde o ukol s maximalni
prioritou.

4) Studie ke sniZzeni ndkladli na softwarové licence a na moznost pfevedeni prav
k pouzivanému SW na matefskou banku.

Pon¢kud prekvapive také v planu pro tieti aZ Sesty tyden po akvizici, coZ je relativné brzy.
Vzhledem k dlouhodobému charakteru licenci se da téZko ocekavat néjak zasadni riziko
Z prodleni.

5) Ohodnoceni moZnosti snizeni nakladti na komunikaci a zalohovani dat.

Céstecné souvisi i s tfetim bodem této kapitoly a pogita se s paralelni realizaci, ¢ili také ve
tretim az Sestém tydnu.

6) Zajistit veskeré potfebné piistupy a hesla pro pracovniky z akvirujici banky a skupiny.

Zékladni a technicky ne pfili§ obtizny ukol pro treti tyden planu.

3.6 Okruh 6: Doprovodné finané¢ni a ekonomické aktivity banky

1) Audit vSech komer¢nich smluv banky a ptiprava doporuceni na optimalizaci vydaji.

Tteti a Ctvrty tyden po akvizici se zdaji byt pomérné brzky termin na feseni vSech smluv
s dodavateli (outsourcingu), na druhou stranu akvirovanid banka patii spiSe mezi mensi a
vétSina informaci byla k dispozici jiz béhem due dilligence.

2) Ohodnoceni kvalifikace zaméstnanci zodpovédnych za udrzbu a chod banky po
technické strance. Pfiprava navrhli na optimalizaci personalu a zhodnoceni proveditelnosti
outsourcingu klicovych funkci na tfeti strany nebo na zaméstnance akvirujici skupiny.

Vzhledem k souvislosti s pfedchozim ukolem nepiekvapuje stejny termin pro realizaci, tj.
tieti a ctvrty tyden planu.

3) Seznameni se s hmotnymi aktivy banky (zejm. nemovitostmi) a analyza efektivnosti
jejich fizeni a vyuzivani. Zformovani navrhii na prodej ptipadnych piebytecnych aktiv.

Velmi dilezity ukol, nebot’ financovani nemovitosti je zdsadni soucasti aktiv akvirované
banky. Vzhledem Kk nepfilis dobré ekonomické situaci v zemi, kde akvirovana banka sidli,
doslo ktomu, ze banka drzi ve vlastnictvi nezanedbatelny pocet nemovitosti, ptivodné
slouzicich ptedevsim jako zajiSténi hypote¢nich uvérd. Pro tento bod se pocita s rozmezim
druhy az ctvrty tyden planu, coz ovSem vzhledem k rozsahu aktiv, kterych se ukol tyka a
specifik mistniho prostfedi pfedstavuje opravdu naro¢ny ukol.
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4) Zhodnoceni rozpoctové politiky a kdzné akvirované banky. Piiprava navrha na zvyseni
efektivnosti rozpoctovych procesii a optimalizace poctu zaméstnancii.

Ukol naplanovany na druhy a tieti tyden planu - zde hraje roli to, Ze vyznamnou &ast
informaci uz akvirujici banka obdrzela béhem due dilligence.

5) Ohodnoceni potieb banky ohledné vozového parku a pravidel pro vyuzivani vozidel.
Ptiprava ndvrhi na optimalizaci vozového parku a personalu.

Naplanovano na tieti a ctvrty tyden.

3.7 Okruh 7: Pobockova a prodejni sit’ a klient$ti poradci (Client managers)

1) Zhodnoceni kvalifikace zaméstnancti, zodpovédnych za vytvafeni a podporu novych
produkti a ptiprava doporuceni pro optimalizaci.

Tteti tyden planu, souvisi i s tkoly druhého okruhu (viz vyse). Akvirujici banka mé snahu
nastavit systém fizeni produkti v akvirované bance tak, aby byl i naddle funkéni samostatné,
ovSem pii respektovani strategickych hledisek a pod odpovidajici kontrolou.

2) Zhodnoceni kvalifikace zaméstnanct, zodpovédnych za pobockovou sit’ a jeji rozvoj a
ptiprava doporuceni pro optimalizaci.

Tteti a Ctvrty tyden, coz je vramci post-akvizicniho planu nejobvyklej$i termin pro
posouzeni kvalit zamé&stnanct jednotlivych oddéleni akvirované banky.

3) Zvézit redukci depozitniho systému VISA v souvislosti se vstupem akvirované banky do
skupiny

Tteti az Sesty tyden - ponckud del§i casové rozmezi, ziejmée kvili pfipadnému jednani
S tieti stranou.

4) Zhodnoceni kvalifikace klientskych poradcu (client managers) a vytvorit doporuéeni
pro jeji zlepSovani.

Naplanovano na paty a Sesty tyden, zfejmé aZ budou dokonceny tkoly 1) a 2) a pfislusni
odbornici z akvirujici banky budou mit prostor na dalsi analyzu.

5) Setkani s klicovymi zakazniky banky.

Druhy az osmy tyden - sohledem na to, ze jde o jedndni s tfetimi stranami, jejichz
terminim se banka samoziejmé¢é musi pfizplsobit a také kvili mimotadné dileZitosti téchto
jednani pro budoucnost akvirované banky je na tento tikol vy€lenéno relativné hodné& ¢asu.

6) Vytvofit systém pro Fazeni transakci (pipeline).

Devaty az dvanacty tyden - technickd zaleZitost, umoZznujici nejen zvyseni efektivnosti
v akvirované bance, ale také vzdéaleny pfistup k datim a tedy dohled ze strany banky
akvirujici.

7) Ohodnoceni regionalnich pobocek, rozhodnuti o nékladové optimalizaci v ptipadé
efektivnich a o zruSeni neefektivnich.

Ctvrty az osmy tyden, coZ je oviem dost ambiciézni termin. Pobo¢kova sit’ akvirované
banky je totiz dost Siroka (ptfed akvizici zahrnovala pfes 20 pobocek) a neni jisté, zda budou
véas k dispozici potifebné tidaje pro hloubkovou analyzu. Akvirujici banka ma sice k dispozici
jednoho pracovnika s pomérné detailni znalosti trhu v zemi akvirované banky, je ovSem
otazkou, zda sily jedné osob budou - pfi v§i snaze a ucte k jejim schopnostem - dostatecné pro
planované rychlou analyzu poZadované oblasti.

3.8 Okruh 8: Zména jména (Rebranding)

1) Piiprava planu na zménu jména akvirované banky v souladu se jménem akvirujici skupiny
Hned prvni tyden planu.

2) Zahajeni procedury zmény jména.

Druhy tyden planu - jde skute¢né¢ o zahajeni procedury, pficemz se pocitd s tim, ze jeji
dokonceni bude trvat delsi dobu a neni ani pfesné dan termin ocekavaného dokonceni.

3) Priprava a schvaleni nového vzhledu (brand-look)
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Druhy az osmy tyden. Nezanedbatelnou cast z tohoto del§iho obdobi zabere samotny proces
odsouhlaseni a schvalovani, pficemz se pocita i s uritou rezervou na zmeény, o kterych bude
rozhodnuto pravé béhem tohoto procesu.

4) Pfejmenovani a odpovidajici grafické zmény webové stranky a internetového bankovnictvi.
Devaty az tfinacty tyden. Tento proces musi samoziejmée pockat az do ukonceni schvalovani
zmeén v piedchézejicim tkolu.

5) Zbyvajici ukoly pfejmenovani po optimalizaci pobockové site.

Devaty az tfinacty tyden. Opét nutna navaznost na kol 2) a dokonc¢eni ukolu 3).

3.9 Okruh 9: Nastaveni povinného reportingu

1) Ziskani stanoviska auditora k opatfenim k naleziim za minulé obdobi (follow-up).

Prvni az ctvrty tyden. Akvirujici banka zde velmi rozumé chce pokud mozno co
nejrychleji vytesit zbyvajici auditni ndlezy akvirované banky za minuld obdobi.

2) Nastaveni procedur k ptipravé reportingu matetské bance pro tcely konsolidace.

Také prvni az Ctvrty tyden - akvirujici banka si uvédomuje, ze pro akvirovanou, ale i pro
samotnou akvirujici banku (kterd dosud konsolidovanou zavérku nikdy nesestavovala) bude
konsolidace dulezitym a nesnadnym tkolem.

3) Zahajeni procesu planovani finanénich vysledki na mési¢ni bazi.

Planovano na treti tyden po akvizici. Dosud sestavovala akvirovana banky finanéni plany
pouze na kvartalni, pololetni a ro¢ni bazi.

4) Zhodnoceni kvalifikace zaméstnanct, zodpoveédnych za reporting a piiprava doporuceni
pro optimalizaci.

Podobné jako u vétSiny ostatnich ukold, tykajicich se zhodnoceni kvalifikace zaméstnancti
akvirované banky, i zde je jako termin predpokladany tteti a ¢tvrty tyden planu.

5) Prostudovat moznost pfevedeni né€kterych funkci povinného reportovani do akvirujici
banky, popf. jiné banky skupiny.

Tteti a Ctvrty tyden planu, uzce souvisi s predchdzejicim bodem.

3.10 Okruh 10: AML (Anti - Money Laundering)

1) Ohodnoceni soucasného systému AML v akvirované bance a zkuSenosti stavajicich
pracovniki. Piiprava doporuceni na zlepSeni efektivity a optimalizaci personalu.

Tteti az paty tyden.

3.11 Ukoly z hlediska akvirujici banky

Vyse uvedené okruhy a k nim naleZejici konkrétni ukoly samoziejmé nezahrnuji vSechny
¢innosti, které musi akvirujici banka provést. Vzhledem k tomu, Ze akvizici zaroven formalné
vzato vznika finanéni skupina resp. vztah matka - dcera, musi byt i na strané akvirujici ¢eské
banky provedena néktera opatteni.

Jak uz bylo uvedeno vyse, akvirujici banka byla sice jiz dfive propojena s jinymi
zahrani¢nimi bankami prostfednictvim vlastnické struktury, neSlo ale formaln€ o finan¢ni
skupinu, nebyla sestavovana konsolidovana u¢. zavérka atd.

Pro akvirujici banku bude proto nezbytné naptiklad:

- nastavit pravidla skupinového strategického fizeni a vytvorit zakladni smérnice pro celou
skupinu

- pfipravit se na sestavovani konsolidované tcetni zaverky

- nastaveni interniho auditu tak, aby byl schopen bud’ koordinovat ¢innost s internim auditem
akvirované banky, nebo jej zcela nahradit (jako pravdépodobnéjsi se jevi prvni varianta) a
dalsi...
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4. 7avér

Z analyzy post-akvizicniho planu vyplyvaji néktera obecna doporuceni, aplikovatelnd pii
ptipravé podobného dokumentu i pro jiné spoleCnosti, samoziejmé s ptislusSnym
prizpisobenim napf. pro jind odvétvi apod. Jsou to zejména nasledujici:

- Paralelni ohodnocovani kvalifikace, zkuSenosti a schopnosti zaméstnanci jednotlivych
oddéleni akvirovaného podniku. Ve sledovaném piipadé se ve vétsiné piipadd jako termin
predpoklada tieti a ¢tvrty tyden planu. Soubézné provedeni ohodnoceni ve vétSiné oddéleni
umoziuje realizaci nasledné souhrnné analyzy lidskych zdrojii a vytvoieni planu pro jejich
dalsi fizeni, v¢. pfipadné reorganizace a propousténi. S tim souvisi i analyzy mozného
prevedeni nékterych ¢innosti na akvirujici podnik.

- Vyhoda vyuzivani pracovnikti se znalosti lokalniho trhu a prostiedi. V popsaném
konkrétnim ptipadé jde ptedev§im o jednoho zaméstnance akvirujici banky, ktery piimo
pochazi ze zemé, kde plisobi akvirovana banka. Nicméné obecn¢ vzato lze toto doporuceni
vztahnout i1 na rozséhlejsi projekty akvizic, kde podobnych osob muze byt vic.

- Wyuziti dostupnych dat z due dilligence. Pokud je due dilligence provedena fadné a
S dostatecnym pfedstihem (kvili nezbytnému casu na analyzu ziskanych dat), je mozno
v mnoha piipadech odhadnout personalni a zejména ¢asovou naro¢nost jednotlivych ukold a
vyhnout se tak nutnosti dodate¢nych uprav a/nebo riziku zpozdéni v plnéni post-akviziéniho
planu.

- Nutnost brat v ivahu zavislosti na tfetich stranach (napf. na zakaznicich, partnerskych
spole¢nostech pfi outsourcingu...). Pokud je spInéni ukolu zavislé na tieti strang, je vhodné
urcit pro jeho splnéni delsi ¢asovy interval pro pfipad zpozdéni zplisobeného tieti stranou.
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Quality of the reporting under IFRS 8 of issuers of
the quoted securities in the Czech Republic

Jifi Siminek !
Abstract

This article is focusing on the research of reporting quality according to the standard IFRS 8
(Operating segments) of issuers of the quoted securities when fulfilling their information
liability. The primary source of the data is The Central Depository for Regulated Information of
The Czech National Bank; the years analyzed are 2013 to 2015. Compared to IAS 14 (Segment
Reporting) valid till December 31, 2008, IFRS 8 (valid from January 1, 2009) sets as prevailing
criterion qualitatively determined segment as its economically autonomous part of the plant
within the accounting unit controlled by Chief Operating Decision Maker (CODM). The main
purpose of the article is to analyze whether there is a dependency between the number of
segments and chosen financials for selected accounting entity (i.e. that relatively bigger
accounting entity will report relatively more segments according to IFRS 8). To ensure
comparability, the accounting entities will be divided into a group with prevailing core activity
of ,,Financial and insurance activities" and other entity according to the Lists of NACE codes
published by the EU.

Key words

International Financial Reporting Standards, IFRS, IAS, IFRS 8, IAS 14, Information
asymmetry, Operating segments, Segment reporting, Management approach, Czech Republic

JEL Classification: M41, G32

1. Introduction

The theoretical part of this article is focusing on a brief description of the IFRS 8 Standard
(Operating segments), which with the validity of January 1, 2009 replaced standard 1AS 14
(Segment reporting). The phenomenon of standardization of accounting reporting especially
at regulated stock markets requires more detailed reporting of accounting information which
will provide true and fair view of the economic activity of the accounting unit regardless its
jurisdiction to the national accounting standards. Under IFRS 8, segment reporting
requirements differ in three main respects: identification of segments, measurement basis
used, and reported line items (Kajiiter, Nienhaus, 2007). The standard is introducing the new
methodology of segments’ identification. Apart from quantitative criteria there are prevailing
qualitative criteria that identify the segment based on Chief Operating Decision Maker
(CODM) person. The aim of the practical part is the research of the causality existence
between selected financial indicators and the number of reported segments of the subjects
under regulation of the Czech National Bank. For the comparison purposes the article also
lists the basic statistical indicators of the subjects under regulation of the Czech capital market
and reporting under IFRS 8. The conclusion sums up the research findings and also provides
ideas for further research in this area.

! Ing. Jiti Simtnek, University of Economics in Prague, W. Churchill Square 4, Prague 3, Faculty of
Finance and Accounting, jiri.simunek@vse.cz
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2. Background

The purpose of the standard is to secure for the users of financial reports information about
performance and financial position of the individual operating segments. The scope requires
the application of this standard for individual or consolidated financial statements of the
accounting entity when at least one of the conditions is met:

. its debt or equity instruments are traded in a public market (a domestic
or foreign stock exchange or an over-the-counter market, including local and
regional markets); or

. it files, or is in the process of filing, its financial statements with a
securities commission or other regulatory organization for issuing any class of
instruments in a public market.

If the accounting unit is a part of the parent, there is a clause to avoid duplication of
information when the segment reporting is required only for consolidated financial
statements. IFRS 8 compared to the IAS 14 does not require splitting of the segments to
primary and secondary. Accounting entity reporting under IFRS 8 reports among others
following items by each segment:

. revenues from external customers;

. revenues from transactions with other operating segments of the same
entity;

. interest revenue;

. interest expense;

. depreciation and amortization;

. (material items of income and expense disclosed in accordance with
paragraph 97 of 1AS 1 Presentation of Financial Statements (as revised in 2007);

. the entity's interest in the profit or loss of associates and joint ventures
accounted for by the equity method,;

. income tax expense or income; and

. material non-cash items other than depreciation and amortization

. revenues split according to the significant external customers and

geographical areas.

3. Methodology and hypotheses for the research

This research is focused on the issuers of quoted securities in the European Union and
those entities under supervision of the Czech National bank according to the Act No.
256/2004 Sh., on Activities on the capital market as subsequently amended and other by-laws.
The original sample size was determined according to the status The Central Depository for
Regulated Information of The Czech National Bank (hereinafter “Depository CNB”) as of
July 20, 2017 and the analyzed period are years 2013 to 2015. The table below summarizes
the selection of relevant sample for the research and other characteristics.
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Table 1: Assessment of relevant research sample

*The issuers of securities in the Registry of CNB (hereinafter "Original sample™)

*The issuers of securities in the Registry of CNB excluding investment funds

*The issuers which reported information under IFRS 8 at least in one year financial
statements in the years 2013 - 2015 (hereinafter "Relevant sample™)

*No. of entities in the Relevant sample with core business "K - Financial and insurance
activities" according to the List of Nace codes issued by EU.

*No. of entities in the the Relevant sample with core business different than "K - Financial
and insurance activities".

*No. of financial statements published by entities in the Relevant sample for the analyzed
period

Author: Own creation

Out of 101 issuers of securities, which are in the Registry of CNB, 31 investment funds
were excluded due to their specifics versus other subjects in the sample (limited legal
personality, shared sources of financing etc.). From the remaining 70 subjects, 44 of them
have mentioned information under IFRS 8 at least in one of their financial statements for the
years of 2013-2015. These 44 selected subjects published 144 financial statements in the
analyzed years. The Relevant sample for the research is 144 financial statements from the
original sample. This sample is further divided according to the core activity of the subjects
into Financial and insurance activities subjects (group K) and others (all others except group
K) according to the List of NACE codes published by the European Union.

Zero hypothesis for the research (h0) is expressing the assumption that there is a positive
correlation of at least 10% between profit before tax or total assets (independent variables)
and the number of reported segments (dependent variable) among the subjects from the
Relevant sample. Alternative hypothesis (hl) is determined compared to zero hypothesis. The
idea of positive correlation between one of the independents variable on the dependent
variable is coming from the thinking that the more transparent accounting entity (the one
reporting relatively more segments) will be more successful in obtaining capital at regulated
market (will report higher assets) and/or will make higher profit before taxes.

The following is a summary of hypotheses for the research:

HO: There is a positive correlation among the subjects from the Relevant sample of at least
10% between profit before taxes (EBT) or total assets and the total reported segments.

H1: There is a positive correlation among the subjects from the Relevant sample less than
10% between profit before taxes (EBT) or total assets and the total reported segments.

For the hypotheses testing the correlation matrix method was selected. For the summary of
used entry values, the elementary indicators of descriptive statistics will be applied.
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4. Hypotheses testing

Table 2: Correlation matrix — all subjects in the Relevant sample

Total assets Profit before taxes No. of segments
1,0000 0,9225 0,2181 Total assets
1,0000 0,1380 Profit before taxes
1,0000 No. of segments

Author: Own creation based on the collected data

No. of subjects: 44

No. of observations: 114

Critical test value for level alpha= 0,1840 pro n = 114

From Table 2 we can see a weak positive correlation of the number of segments on both total
assets (+ 0,2181) and profit before taxes (+ 0,1380). The critical value (5%) is at least higher
at the independent variable profit before taxes, therefore we decline alternative hypothesis
H1 and conclude on zero hypothesis HO.

Table 3: Correlation matrix — subjects in the Relevant sample without financial and insurance institutions

Total assets

Profit before taxes

No. of segments

1,0000 0,9589 0,0794 Total assets
1,0000 0,1091 Profit before taxes
1,0000 No. of segments

Author: Own creation based on the collected data

No. of subjects: 30

No. of observations: 78

Critical test value for level alpha = 0,2227 pron =78

From Table 3 we can see a weak positive correlation of the number of segments on both total
assets (+ 0,0794) and profit before taxes (+ 0,1091). The critical value (5%) is higher at the
independent variable profit before taxes and total assets, therefore we decline alternative
hypothesis H1 and conclude on zero hypothesis HO (correlation higher than 10% was
proven only for the item profit before taxes).

Table 4: Correlation matrix — subjects in the Relevant sample only financial and insurance institutions

Total assets

Profit before taxes

No. of segments

1,0000 0,8506 0,7212 Total assets
1,0000 0,4498 Profit before taxes
1,0000 No. of segments

Author: Own creation based on the collected data

No. of subjects: 14

No. of observations: 36

Critical test value for level alpha = 0,3291 pro n = 36

From Table 4 we can see a moderately strong correlation between the number of segments on
both total assets (+ 0,7212) and profit before taxes (+ 0,4498). The critical value (5%) is
however lower at the independent variable profit before taxes and total assets. Therefore we
decline zero hypothesis HO and conclude on alternative hypothesis H1.
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5. Basic indicators of descriptive statistics
(in mil. CZK rounded to single digit mathematically, if not stated otherwise)

The three tables below show values of basic indicators of descriptive statistics (mean value,
median, minimum and maximum) subsequently according to the split of the Relevant sample
from the chapter “Hypotheses testing”.

a) All subjects in the Relevant sample

Table 5: Basic indicators — all subjects

Mean value Median Minimum Maximum
Total assets 233 660 13 465 1,3 3741920
Profit before taxes 5593 425,20 -1639,1 124 228
No. of segments 4 4 1 10

Author: Own creation based on the collected data

b) Subjects in the Relevant sample without financial and insurance institutions

Table 6: Basic indicators — Subjects in the Relevant sample without financial and insurance institutions

Mean value Median Minimum Maximum
Total assets 167 325 5559 1,3 3741920
Profit before taxes 5 684 102 -1639,1 124 228
No. of segments 4 4 1 9

Author: Own creation based on the collected data

c) Subjects in the Relevant sample only financial and insurance institutions

Table 7: Basic indicators — Subjects in the Relevant sample only financial and insurance institutions

Mean value Median Minimum Maximum
Total assets 372734 202 587 4528 1173 848
Profit before taxes 5396 3615 -3,6 19 481
No. of segments 4 4 1 10

Author: Own creation based on the collected data
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6. Research interpretation

1) In case of the first model situation (all subjects in the Relevant sample), we can
conclude that there is a weak correlation only between profit before taxes and the
number of segments. Positive dependency of the number of segments on total assets
cannot be reliably proven.

2) The second model (subjects in the Relevant sample without financial and insurance
institutions) shows a weak positive correlation of the number of segments and profit
before taxes. The dependency between the total assets and the number of segment is
only very weak. The model seems according to the test as reliable.

3) The third model (subjects in the Relevant sample — only financial and insurance
institutions) shows the strongest correlation, but this model did not pass the reliability
test. Therefore we cannot conclude that there exists enough reliable correlation
between profit before taxes or total assets and the number of segments.

7. Conclusion

The aim of this article has been fulfilled by the theoretical definition of IFRS 8 standard
and execution of the empiric study on the correlation of selected financial indicators and the
number of reported segments. Weak positive correlation occurred especially with subjects
other than financial and insurance institutions, which differentiate from other subjects
(together with excluded investment funds) by some specific characteristics — high value of
total assets, less stable values of indicators dependent on macroeconomics of the country etc.
Based on this study we can conclude that with the increasing assets and earned profits
increases also the number of reported segments. Accounting entities reporting relatively more
segments are more transparent to investors, therefore they can more easily obtain capital via
regulated markets and thanks to these resources can extend their assets and generate higher
profit year on year.

To assess the quality of the reported information in the individual financial
statements/annual reports (qualitative analysis) could be a topic for another research.
Reporting under IFRS 8 could reveal to the investors some strategic information about the
entity and that is why there can be a tendency not to fully report some of the mandatory
information. An additional research topic could be a comparison of the number of reported
segments in the identical sample under IAS 14 and IFRS 8. Prevailing qualitative criteria of
IFRS 8 assume an increase of the number of segments compared to reporting under 1AS 14.
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Estimation of Claim Frequency by Generalized
Linear Models
Adéla Spackova'

Abstract

Paper is focused on estimation of claim frequency for a motor hull insurance portfolio. In this
article is used negative-binomial probability distribution for estimation. Parameters of model are
estimated by maximum likelihood method at level of singificant 0,05. Majority of the estimated
parameters were statistically significant. The aim of this paper is estimation of claim frequency
for a motor hull insurance portfolio. The partial goal of this article is establishment effect of
categorical data. Verification of the model parameters has been perfomed by a Wald test.
Verification of model has been established by likelihood ratio, pearson residual, Akaike
information criterion (AIC), Bayesian information criterion (BIC).

Key words
Vehicle insurance, generalized linear models, negative-binomial regression, claim frequency
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1. Uvod

V dnes$nim sofistikovaném svéte jsou veskeré subjekty vystaveny riziku. Riziko miiZze byt
chapano jako negativni disledek nahodilosti, které miize zpusobit jednotlivei nebo 1 celé
spolecnosti obrovskeé (vétsinou finanéni) ztraty. Nahodilost pojistnych udélosti a jeho disledek
(4. vyse Skody a pocet Skod) jsou zdrojem nejistoty vyvoje budouciho pojistného plnéni, jenz
se pojistovna zavazala svym klientim vyplatit. Tuto nejistotu Ize vyjadfit vhodnym rozdélenim
pravdépodobnosti.

2. Popis modelu poctu Skod

Cilem c¢lanku je modelovéani Cetnosti Skod pomoci zobecnénych linedrnich modelii na
realnych datech havarijniho pojisténi. Dil¢im cilem je zjistit také vliv kategoridlnich veli¢in na
Skodni frekvenci. Modely poctu $kod, jez mohou vzniknout na n poctu pojistnych smluv béhem
uritého casového intervalu. Pocet Skod byva oznacovan pismenem N a nabyva hodnot
z intervalu nezapornych celych ¢isel, tedy N e N, :{0,1,2,..n}. Z tohoto tvrzeni lze tedy

konstatovat, ze modely poctu Skod budou modelovany pomoci rozdéleni diskrétnich
(nespojitych) ndhodnych veli¢in. Jako vhodné rozdé€leni pravdépodobnosti se jevi Poissonovo
a negativné-binomické. Na zakladé piedchoziho vyzkumu je pro ucely tohoto ¢lanku vybrano
negativné-binomické rozdéleni pravdépodobnosti.

2.1 Negativné-binomické rozdéleni pravdépodobnosti

Negativné binomickeé rozdéleni pochazi z exponencialni rodiny rozdéleni pravdépodobnosti
a lze jej odvodit hned nékolika zplsoby. Typickym piikladem je odvozeni na zakladé
Bernoulliho posloupnosti nezavislych pokusii jakozto rozdéleni pravdépodobnosti ndhodné
veli¢iny Y, kterd v tomto piipad€ predstavuje pocet netspéSnych Bernoulliho pokust, jez

1 Ing. Adéla Spackova, VSB — TU Ostrava, Faculty of Economics, Department of Finance, Sokolska
téida 33, 702 00 Ostrava, Czech Republic, e-mail: adela.spackova@vsb.cz
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predchazi k-tému Gspésnému pokusu k € {1,2,..}. Pravdépodobnost netuspéchu je definovana
jako 1-m , kde m je pravdépodobnosti uspéchu v jednotlivém pokusu a m € [0;1]. Hustota
pravdépodobnostni funkce u negativniho binomického rozdéleni je ddna vztahem:

Y+k-1 v K
f(Y;k;;z)=[ v )(1—72)7[.

2.1
Dale plati, ze v ramci NB rozdé€leni je: k>0 a 0<n<I. @
2.2
Stfedni hodnotu lze zapsat ve tvaﬁu: ,31 =E(Y)=(k@-n))/x,
(2.3)
rozptyl je definovan: o” =Var(Y) = (k- 7))/ 7*,
(2.4)
Pravdépodobnostni funkei je mozné upravit zavedenim proménné p, kdy potom plati z=1/(1-

p). Nova (upravena) pravdépodobnostni funkce nabyva tvaru:

—k
f(y; |o;k)=(Y j p'-@1-p) .

(2.5)
a praveé kvili zapornému K, je rozdéleni pravdépodobnosti nazyvano jako negativné-binomické
HILBE(2011). Nevyhodou tohoto rozdé€leni je existence nad-rozptylu (overdispersion), tzn., ze
Var(Y) > E(Y).

3. Zobecnény linearni regresni model

Zobecnény linearni model, dale uZ jen GLM, zobecnuje klasicky linearni model ve dvou
pfedpokladech, prvnim predpokladem je, Ze hodnota linedrniho prediktoru je rovna
transformované stfedni hodnoté vektoru hodnot vysvétlovanych proménnych. Linearni
prediktor Ize tedy zapsat:

N =X =g(u),

(2.6)
kde N je hodnota linearniho prediktoru, X je regresni matice vysvétlujicich proménnych, S je
vektor regresnich parametri, g(u) je spojovaci funkce g (link function).

Dal$im zobecnénim je zmirnéni predpokladd kladenych na chybovou slozku ¢. U modeli
GLM je splnén piedpoklad rozdéleni vektoru chybové slozky & exponencionalniho typu
(exponencial family) a to v dusledku skute¢nosti, Ze vektor chybové slozky ¢ Casto v praxi byva
heteroskedasticky, vice viz GRAY, Roger J. a Susan M. PITTS (2012) a HARDIN, James W.
a Joseph HILBE (2012).

3.1 Pravdépodobnostni rozdéleni exponencialniho typu

Zakladem GLM je rozdéleni jeZ pochazi zexponencidlni rodiny rozdéleni
pravdépodobnosti, jimZ je nahrazovan ptedpoklad normdlniho rozdé¢leni pravdépodobnosti
vysvétlované proménné. Exponencialni tfida rozdéleni pravdépodobnosti je definovana
hustotou rozdélenim pravdépodobnosti, kterou Ize obecné zapsat:

f(Y)=c(Y;e,¢)=exp{Y‘9‘Tf“9)+c(Y,¢>},

3.1)
kde f (Y)je funkce zavislé vysvétlované proménné, c(Y,¢9) a (af) jsou funkce dopiedu
znamé, jez definuji konkrétni rozdéleni pravdépodobnosti vysvétlované proménné Y, € je
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kanonicky parametr, ktery neni znamy a taktéz neni znamy disperzni parametr ¢ viz HARDIN,
James W. a Joseph HILBE (2012) a LONG, J. Scott a Jeremy FREESE (2014).

3.2 Spojovaci funkce

Pomoci spojovaci funkce g(u) dochazi k transformaci vektoru stiednich hodnot
vysvétlované promeénné. Spojovaci funkce by méla byt vhodné zvolena, aby co nejlépe
vystihovala vlastnosti modelovaného vektoru vysvétlované proménné. Vysvétlovana promeénna
pocet Skod mize nabyvat jen kladnych hodnot a tuto vlastnost 1ze vhodné zohlednit napf.
pouzitim logaritmické spojovaci funkce.
|n( /U) — g(,u) a tedy, = eﬁo +ﬂlxi1+ﬂzxi2"'+ﬂnxin.

3.2)

3.3 Odhad parametri modelu S

V ptipadé GLM se odhad vektoru regresnich parametrii f provadi metodou maximalni
veérohodnosti.

3.3.1 Metoda maximalni vérohodnosti

Tato metoda je zaloZena na maximalizaci logaritmu vérohodnostni funkce viz LONG, J.
Scott a Jeremy FREESE (2014). Zlogaritmovanou vérohodnostni funkci pro exponencialni typ
rozdéleni lze zapsat:

1(8.6)= 30 T (:8.6) = i{m o0 ) +Y6’—_0f(9)}

¢
(3.3)
Maximalizace logaritmu vérohodnostni funkce je dana:
ol 06, o on _
286’ ou, on. 0B,

(3.4)
pficemz pro jednotlivé parametry plati:
o _ (Yi _0"(@) _Yi—u

o0, ¢ ¢
(3.5)
a9, 1 1
o a'6) Vi)'
(3.6)
oy 1
o, g'(w)’
(3.7)
on,
ooy
op, "

(3.8)
Vérohodnostni funkci 1ze upravit:
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G (Y; — )% _
0B, éw ()¢9 (14)

(3.9
Zobecnéné linearni modely jsou odhadovany pomoci Newton-Raphson metody, nebo
metodou IRLS (metoda iterativné vazenych nejmensich ¢tverctl). Pomoci algoritmu Newthon-
Rapson lze ziskat pozorovanou informacni matici (OIM), naopak metodou IRLS ziskdme
ocekavanou informacni matici (EIM) viz GRAY, Roger J. a Susan M. PITTS (2012).

3.4 Verifikace

V ptipadé verifikace modelu a jeho parametr jsou ovétovany predpoklady, slouzici pro
ovéteni vhodnosti daného modelu. V mnoha ptipadech jsou tyto ptfedpoklady platné pro rizny
typ rozdéleni pravdépodobnosti. Jako prvni krok je provedeno statistické testovani vyznamnosti
parametri modelu pomoci Waldova testu, poté se testuje model jako celek. Model jako celek
Ize testovat napi. ukazatelem vérohodnosti (likelihood ratio), rezidui a také pomoci
informacnich kritérii AIC a BIC.

341 Waldiv test

Waldiv test parametrt modelu spoc¢iva ve stanoveni nulové hypotézy oproti alternativni.
Tento test je alternativnou t-testu, ktery je aplikovatelny u klasického linearniho modelu,
jedinou podminkou pouzitelnosti Waldova testu je rozsahly soubor dat. Nulova hypotéza
nabyva tvaru:

H,=/4=0,

(3.10)
oproti alternativni hypotéze:
H,= ,5’ # 0.

(3.11)

Testova Waldova statistika ma y2 rozdéleni s jednim stupném volnosti a je dana vztahem:

w-(5]
sp

(3.12)
kde sf je standardni odchylka odhadnutého parametru.

3.4.2 Ukazatel vérohodnosti
Ukazatel vérohodnosti (likelihood ratio), dale uz jen LR, je pouzivan pro srovnani modeld.
V ramci testu je nutné vypocitat odhady parametrti jak pro uplny model, tak i pro model
redukovany. Testova statistika je poté dana tvarem:
LR=—-2(logL, —logL;).
(3.13)

Vérohodnostni statistika ma pii velkych vybérech rozdéleni Pearsonovy y?2 statistiky
S poctem volnosti, ktery je poté roven rozdilu poétu parametrd testovanych modelti. Hodnota
LR testu je vysoka tehdy, ma-li vysvétlujici proménna (linearni regresor) v modelu vliv na
vysvétlovanou proménnou viz HARDIN, James W. a Joseph HILBE (2012). Test pomérem
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veérohodnosti je alternativou F-testu u linearniho regresniho modelu a je vhodny jej pouzit
tehdy, pokud je uvazovano o ptidani dalsi vysvétlujici proménné do modelu.

3.4.3 Testovani rezidui

Pomoci analyzy rezidui lze taktéz zjistit informaci o vhodnosti pouzitého modelu. Tato
analyza by neméla byt opomijena z diivodu Spatného vybéru typu modelu, linkovaci funkce
apod. Reziduum lze vyuzit jak k posouzeni kvality modelu, tak napt. k detekci odlehlych
pozorovani a ovéreni piedpokladu o rozptylu. V ramci GLM je nejvice pouzivand Pearsonova
residua viz OHLSSON, Esbjorn a Bjorn JOHANSSON (2010) a Valecky (2015).

Standardizovana rezidua, znama jako Pearsonova, je ddna vztahem:

P = Y — 4

L@

(3.14)
kde V (£ ) znaci rozptyl.

Devian¢ni rezidua:

IFiD = sign(y, _I&i)'(\/d(yi e )'
(3.15)
kde (/d(y, - 14 ) zna&i distan¢ni funkci, kterd predstavuje odlehlost od odhadované sttedni

hodnoty k pozorované.

3.4.4 Akaikeho a Bayesovo informacni kritérium
Podstatou téchto kritérii je srovnani modell mezi sebou a za nejvhodnéjsi model je
povazovan takovy model, jehoz hodnota AIC a BIC je nejnizsi. Akaikeho informaéni kritérium
je dano vztahem:
AIC =2k —2log( L),
(3.16)

kde kje pocet prediktord modelu v¢. konstanty, log(L) je log-likelihood model, neboli
logaritmus vérohodnostni funkce.
Bayesovo infotmaéni kritérium je dano vztahem:
BIC =-2log L + klog(n),
(3.17)
N je pocet pozorovani.

4. Odhad modelu pomoci GLM

Cilem c¢lanku je modelovani Cetnosti Skod pomoci zobecnénych linedrnich modelii na
realnych datech havarijniho pojisténi. Dil¢im cilem je zjistit také vliv kategoridlnich veli¢in na
Skodni frekvenci. Jako prvni bude sestaven model se spojitymi daty, poté budou spojita data
prevedena na kategorialni a bude zjistén vliv této zmény na odhad skodni frekvence. Aby byla
zarucena srovnatelnost, budou oba modely odhadovany za stejnych podminek, tj. rozdéleni
bude negativné-binomické s logaritmickou link funkci.
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4.1 Data

Pro potfeby tohoto ¢lanku byl pouzit ndhodny vybér realnych dat pojistnych smluv
havarijniho pojidténi uzavienych na izemi CR v letech 2005-2010, soubor obsahuje celkem 18
112 smluv. Veskeré vypoéty jsou provedeny v programu STATA 14.0. Do odhadu jsou
zahrnuty nasledujici regresni charakteristiky viz Tabulka 4.1, jenz byly po nasledném testovani

statisticky vyznamné. Vystup tohoto odhadu je oznac¢en pod nazvem modell.

Tabulka 4.1 Popis proménnych modelu 1

zkratka popis hodnoty
count Pocet §kod (0-3 skod)
agecar Stafi vozidla (0-28 let)
ageman Vek fidice (19-88 let)
kwvol Sila motoru (20-116 jednotek)?
price Cena vozidla (15— 6 704 tis. K¢&)
fuel Typ paliva (benzin, diesel a ostatni)
phys Typ vlastnika (Fyzicka nebo pravnicka osoba)
gender Pohlavi fidice (Muz nebo Zena)
district Kraj Kralovehradecky, Pardubicky..

atd.

V Tabulce 4.2 jsou zobrazeny zakladni statistické charakteristiky vysvétlujicich proménnych.

Tabulka 4.2 Statistické charekteristiky jednotlivych proménnych modelu 1

proménna koeficient g st.chyba p-value . dolni . horni
odhadu interval interval

agecar -0,0268 0,0097 0,0060 -0,0078 -0,0457
kwvol 0,0107 0,0016 0,0000 0,0075 0,0139
diesel 0,5056 0,0632 0,0000 0,3817 0,6295
p-butane -9,6822 384,1284 0,9800 -762,5600 743,1956
other 0,1403 1,0315 0,8920 -1,8813 2,1620
gender 0,2716 0,0792 0,0010 0,1162 0,4269
ageman -0,0160 0,0029 0,0000 -0,0218 -0,0103
price 0,0000 0,0000 0,0000 0,0000 0,0000
Kralovehradecky -0,4713 0,2652 0,0760 -0,9911 0,0485
Pardubicky -0,2657 0,2443 0,2770 -0,7444 0,2131
Ustecky 0,0746 0,1981 0,7060 -0,3137 0,4629
Jihomoravsky -0,1118 0,1832 0,5420 -0,4709 0,2473
Liberecky 0,4348 0,1970 2,2100 0,0486 0,8210
Plzernsky -0,1184 0,2367 0,6170 -0,5823 0,3456
Zlinsky -0,2130 0,2275 0,3490 -0,6588 0,2329
Karlovarsky -0,1372 0,2511 0,5850 -0,6293 0,3549
Moravskoslezsky -0,2464 0,1814 0,1740 -0,6019 0,1091
Praha 0,2165 0,1523 0,1550 -0,0821 0,5151
Vysocina -0,8923 0,2915 0,0020 -1,4636 -0,3210
Olomoucky -0,0479 0,2161 0,8240 -0,4715 0,3756
Stiredocesky -0,0216 0,1651 0,8960 -0,3452 0,3021

Nutno poznamenat, hodnota p-value u proménnych p-butane, other a district byla vyssi
nez 0,05, coz samoziejme znaci nevyznamnost regresorti na promeénou count. Na zakladé

testovani pomoci Wald testu byly tyto proménné shledany za vyznamné a byly tedy zahrnuty

do vysledného modelu. V Tabulce 4.3 jsou uvedeny vysledky Wald testu.

2 Proménna kwvol byla vytvofena dle vztahu proménnych kw/volume:1000 z diivodu existence

kolinearity.
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Tabulka 4.3Vysledky Waldova testu proménnych fuel a district

P ) Vyznamnost > g
fuel

63,95 0,0000

Y4 2 (13) Vyznamnost > ¥ 2
district

56,22 | 0,0000

Z Tabulky 4.3 je patrné, Ze hodnota vyznamnosti y° rozdéleni je 0,000, tj. je pfijata
alternativni hypotéza, Ze alespon jeden odhadovany parametr je statisticky vyznamny.

41.1 Tarifni analyza

V této subkapitole budou spojité vysvétlujici proménné obsazené v modelu 1
kategorizovany. V prvnim kroku je kategorizovdna kazda spojitd proménna zvlast. Existuje
vicerozpusobu jak ke kategorizaci piistupovat, byl zvolen zpisob, kdy jsou kategorie urceny
dle subjektivniho uvédzeni. Dllezité poznamenat, ze kategorizovanim dat mize dojit ke ztratdm
nékterych podstatnych informaci. Kategorizovany budou proménné agecar, ageman, price a
kwvol. V Tabulce 4.4 je zobrazena kategorizace vySe uvedenych veliin.

Tabulka 4.4 popis proménnych modelu?2
zkratka
count

popis hodnoty

Pocet skod

(0-3 skody)

kategorie 1 (nova auta)
kategorie 2 (2-3 roky)
kategorie 3 (4-7 let)

kategorie 4 (8-12let)

kategorie 5 (12 a vice)
kategorie 1 (18-25 let)
kategorie 2 (26-35 let)
kategorie 3 (36-50 let)
kategorie 4 (50 a vice)
kategorie 1 (20-50 jednotek)
kategorie 2 (51-80 jednotek)
kategorie 3 (81-100 jednotek)
kategorie 4 (101 a vice jednotek)
kategorie 1 (15-150 tis. K¢)
kategorie 2 (150-250 tis. K¢)
kategorie 3 (250-350 tis. K¢)
kategorie 4 (350-500 tis. K¢&)
kategorie 5 (500 tis. a vice K<)

catagecar Stafi vozidla

catageman Vek fidice

catkwvol Sila motoru

catprice Cena vozidla

fuel

Typ paliva

(benzin, diesel a ostatni)

phys

Typ vlastnika

(Fyzicka nebo pravnické osoba)

gender

Pohlavi fidice

(Muz nebo zena)

district

Kraj

Kralovehradecky, Pardubicky.. atd.

V Tabulce 4.5 jsou uvedeny vysledky zakladnich statistickych charakteristik jednotlivych
proménnych.

Tabulka 4.5 Statistické charakteristiky jednotlivych proménnych modelu 2

roménna koeficient st.chyba -value dolni horni
prome B odhadu P interval interval
catprice

kategorie 2 -0,1274 0,1322 0,3350 -0,3866 0,1318
kategorie 3 0,0389 0,1217 0,7490 -0,1995 0,2774
kategorie 4 0,3894 0,1239 0,0020 0,1463 0,6324
kategorie 5 0,7165 0,1184 0,0000 0,4843 0,4843
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catkwvol

kategorie 2 0,5227 0,0778 0,0000 0,3704 0,6751
kategorie 3 0,5218 0,2642 0,0480 0,0040 1,0396
kategorie 4 0,5403 0,7424 0,4670 -0,9148 1,9954
catagecar

kategorie 2 0,5149 0,1268 0,0000 0,2663 0,7635
kategorie 3 0,4134 0,1257 0,0010 0,1670 0,6598
kategorie 4 0,1275 0,1406 0,3640 -0,1481 0,4032
kategorie 5 -0,3611 0,4306 0,4020 -1,2050 0,4827
catageman

kategorie 2 -0,7979 0,1923 0,0000 -1,1748 -0,4210
kategorie 3 -1,0472 0,1874 0,0000 -1,4145 -0,6798
kategorie 4 -0,9327 0,1789 0,0000 -1,2833 -0,5822

Zéakladem pro odhad poctu Skod napf. veli¢inou catprice je kategorie 1, jejiz cena vozidla
nepiesahuje hodnotu 150 tis. K¢. Nutno podotknout, Ze nékteré proménné kategorie catprice,
catkwvol a catagecar jsou statisticky nevyznamné na hlading spolehlivosti 95 %, pravé
z tohoto diivodu jsou podrobeny Waldovym testem. V nulové hypotéze je testovan
ptedpoklad, Ze veSkeré proménné kazdé kategorie zv1ast’ jsou rovny nule, tj. statisticky
nevyznamné, oproti alternativni hypotéze, ze alespon jeden parametr je nenulovy. Vysledky
Wald testu jsou zobrazeny v Tabulce 4.6.

Tabulka 4.6 Vysledky Waldova testu proménnych catprice, catkwvol a catagecar

;(2 4 Vyznamnost > ;(2
catprice

114,60 0,0000

;(2 3) Vyznamnost > ;(2
catkwvol

48,11 0,0000

)(2 (13) Vyznamnost > )(2
catagecar

31,79 0,0000

Waldovym testem bylo zjisténo, Ze kategorie catprice, catkwvol a catagecar jsou jako
celek vyznamné, nebudou tedy z modelu vynechény.

4.2 Stanoveni modelu, testovani a porovnani modeli

V tomto kroku je odhadnut novy model 2 s kategorizovanymi proménnymi. Koeficienty

v modelu jsou odhadnuty pomoci metody maximalni vé€rohodnosti. Odhad standardizované
chyby odhadu je proveden pomoci Newton-Rapson algoritmu OIM, které je obsazeno
v zakladnim nastaveni programu. Proménné pochazeji z family negativné-binomického
rozdéleni, link funkce bude opét logaritmickd a model bude standardné¢ odhadovéan na 5%
hladin€ vyznamnosti. Po odhadnuti bude srovnan na zaklad¢ LR testu s diive odhadovanym
modelem 1. V dal§im kroku budou oba modely srovnany na zaklad¢ vyvoje devianénich a
pearsonovych rezidui. V nasledujici tabulce je provedeno srovnani obou modelt.

Tabulka 4.7 porovndni modelu 1 a modelu 2

proménna Model 1 Model 2

Pearsonova rezidua 1,0024 1,0023
AIC 0,4318 0,4308
BIC -115047,8000 -114933,2000

Z Tabulky 4.7 jasné vyplyva, ze model 2 je pro modelovani po¢tu Skod vhodnéjsi. Vyse
odhadnuty model je nyni porovnan testem vérohodnosti s modelem 1.
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Tabulka 4.8 LR test

Likelihood ratio 3 (8) Vyznamnost > y°
28,01 0,0000

Z vysledku testu vérohodnosti vyplynulo, viz Tabulka 4.8, Ze model 2 je vhodnéjsi pro
modelovani poctu Skod. Z vysledku taktéz vyplyva, ze kategorizace dat v tomto piipadé¢ ma
smysl. V dalsim kroku jsou oba modely srovnany vyvojem pearsonovych a devian¢nich rezidui
viz Obrazek 4.1.

Obrazek 4.1 Porovnani rezidui modelu 1 a modelu 2
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5. Zavér

Nahodilost pojistnych udélosti a jeho diisledek (tj. vySe Skody a pocet $kod) jsou zdrojem
nejistoty vyvoje budouciho pojistného plnéni, jenz se pojistovna zavazala svym klientim
vyplatit. Tuto nejistotu Ize vyjadiit vhodnym rozdélenim pravdépodobnosti.

Cilem ¢lanku bylo modelovani poctu Skod pomoci zobecnénych linedrnich modelti na
realnych datech havarijniho pojisténi. Dil¢im cilem bylo také zjistit vliv kategoridlnich veli¢in
na Skodni frekvenci.

V prvnim kroku byl testovan vliv na vysvétlovanou proménnou count a poté byly vybrany
vhodné linedrni regresory k jeho odhadu a taktéz byla odstranéna kolinearita mezi proménnymi
kw a volume vytvofenim ,,pseudo” promeénné. Na zaklad¢ testovani jednotlivych parametrt
modelu byly nékteré proménné shledany jako statisticky nevyznamné. Poté byla ovéfovana
jejich vyznamnost jako celku Waldovym testem a bylo zji$téno, Ze na hladiné spolehlivosti
95% vyznamné jsou.

Po zvoleni vhodnych regresort byl odhadovan model 1, se spojitymi a kategoridlnimi daty,
koeficienty § byly odhadovany metodou maximalni vérohodnosti a bylo pfedpokladano, ze
model a jeho proménné pochdzeji z negativné-binomického rozdéleni s linkovaci funkei
logaritmickou.

Dil¢im cilem bylo zjisténi vlivu kategorizace dat na modelaci poctu Skod. V modelu 1 byly
jeho (n€které) spojité vysvétlujici regresory prevedeny na kategorialni. Tyto kategoridlni
veli¢iny byly opét podrobeny analyze a byl testovan opé€t vliv na proménnou count. Nekteré
proménné se op¢t jevili jako statisticky nevyznamné, av§ak Waldovym testem bylo zjisténo, ze
vyznamné jsou a proto byly ponechany v modelu.

829



11" International Scientific Conference on Financial Management of Firms and Financial Institutions ~ Ostrava
VSB-TU of Ostrava, Faculty of Economics, Department of Finance 6t — 7t September 2017

Z vysledné analyzy bylo zjisténo, Ze kategorizace veliCin v pojistovnictvi do jisté miry
smysl ma, miize napomahat ke zptesnéni odhadovaného modelu. Pro odhadovani poctu skod
se tedy model 2, jenz obsahoval vice kategorialnich dat, jevil jako vhodnéjsi.
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Human Capital Accounting

Natalia Tariskova, Zuzana Skorkova!

Abstract

Human Capital has become a significant factor in the success of business and is often regarded
as one of the most valuable assets of many companies that are able to generate more wealth and
sustain development in the future. Though it is not owned by the company, standard human
capital management practices determine how well the tacit knowledge of the employees are
transferred to the explicit and how well the intellectual capital of the firms are levered so that
human capital is transferred to more explicit structural capital. Currently, this most important
asset is not being accounted for or disclosed in the company’ statements of financial position
like other physical assets and intangible assets. The results of many analyses confirmed that
human asset accounting significantly affects the company performance. Societies have
witnessed a transition from the industrial age to the information/digital age, and accounting has
not transitioned along with it. Why and how could the balance sheet be updated regarding
disclosure of intangible asset? Discussion about current challenges and status quo of human
capital accounting is the core of the paper mostly based on literature review enriched by
managerial and academic experiences.

Key words

Human Capital Accounting, Human Capital Asset, Human Capital Investment

JEL Classification: 125, J62, 015

1. Introduction

What is the difference between Peter Sagan and the average individual? If your answer is
that he earns several millions per year more than the rest of us, then you are absolutely
correct. However, if your answer is that Sagan has superior ability and talent, then you are
also correct. Currently, in relation to cycling, Sagan’s talent, skills and knowledge, or human
capital, are amongst one of the best, if not the best, as he is the world champion. Could a man
found walking down the street go out on the bicycle and replace Sagan? The truth is that
anyone can go out there and ride on a bike. But, not everyone possesses the stock of human
capital necessary to ride on bike as well as Sagan does. If he were traded from one team to
another, neither team would be the same anymore. The value of one team would significantly
increase, while the other would decrease. The same situation is with any excellent football
player, like Ronaldo. The team that lost Sagan or Ronaldo might have gained another good
player, but that player does not possess the human capital that Sagan or Ronaldo have.
Sagan’s and also Ronaldo’s human capital is a valuable asset to the team and creates value for
the team. Why does Hansgrohe pay Sagan millions of EUR? Why does Real Madrid pay
Ronaldo millions of EUR? Both clubs want them to use their wealth of talent, skills and
knowledge to produce results. In essence, they just want to win. Any sport team does not win
by possessing tangible things such as expensive uniforms or having top of the line shoes,
bikes or dresses. Any sport team wins because they possess the people who contain the
greatest stock of human capital.

! Ing. Natalia Tariskova, Ph.D., natalia.tariskova@euba.sk, University of Economics in Bratislava,
Ing. Zuzana Skorkova, Ph.D. zuzana.skorkova@euba.sk, University of Economics in Bratislava
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Strangely enough, this same concept is alive and well in the business world. However, it is
not as easy for fans and investors to identify which team to root for. Stat sheets, or financial
statements, are compiled but do not tell the whole story. In the business world, financial
statements provide the most comparable means of valuing a company. However, there is
increasing discussion about financial statements, specifically balance sheets, becoming
outdated because they are missing something. How are outsiders supposed to know if a
company has a Peter Sagan and thus, the competitive advantage necessary to win? A
company’s balance sheet does not reflect its greatest asset — human capital. With increasing
demand for flexibility and innovation, and for the production of knowledge assets, the
importance of human capital only grow. This much we can all agree on.

In the context of research and scholarship, does human capital accounting possibly belong
to the social sciences or wholly to the field of accountancy and allied professions? In
empirical terms, what does human capital accounting truly represent or embed? Is human
capital accounting a tool of public administration or business administration? Is it an
interdisciplinary area of theoretical and empirical engagement? Is human capital accounting
researchable in public administration, specifically in the area of human resource
management? Indeed, these are the research questions that motivated this study.
Consequently, the methodology of the study is a literature review.

Balance sheet recognition has always been the gold standard in accounting. The concern is
that if an asset is not in the balance sheet it will not get proper attention — outside
stakeholders, and particularly investors, will not understand its true value and will not hold
managers to account for it. Inside the company, managers may not exercise proper
stewardship over their assets and may underinvest in them. On the other hand, putting a
number on the value added by the people in a company is just too difficult.

Instead the focus should be on developing reliable metrics to signal the health of the
company’s human resources, we need to focus on building the human capital scorecard. The
accounting debate forces us to be clear exactly what we mean by human capital and what a
scorecard needs to look like.

When we account for human capital we have two potential audiences in mind — the internal
audience, and investors and other stakeholders outside the business. The value added by
human capital is complex and context specific, voluntary disclosure to an external audience
contains inherent conflicts and limitations. The preoccupation should be with how the best to
measure and report the health of the human resources inside the company.

2. Human Capital and Conceptual Synonyms

What human capital as a distinct concept represents? Hence, according to Schultz (1961),
among the few who had looked on human beings as capital, there were three distinguished
names, the philosopher economist, Adam Smith, and von Thiinen (Von Thiinen &
Schumacher-Zarchlin, 1875) and Irving Fisher (Fisher, 1906). Nevertheless, according to
Becker (1964), human capital refers to the productive capabilities of people. It is indicative of
a trend in scholarship and organizational productivity whereby the generic issue of capital
becomes fully perceived (and treated) as a value of economic means, capitalized in physical
and human resources (Dobija, 1998). Consequently, human capital is about the quality of
people within organizations. It is a metaphor about the economic potential of education and
training (Teixeira, 2005). Human capital is also the profit lever of the knowledge economy
(Bontis & Fitz-Enz, 2002). It has also been defined (on an individual level) as the
combination of these four factors: genetic inheritance; education; experience; and attitudes
about life and business (Hudson, 1993 in Bontis & Fitz-Enz, 2002). This leads us to what
Becker (1962) denoted as the imbedding of resources in people or (more conventionally
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conceptualized) the investing in human capital. This is probably what Jones (2011), citing
Hendrick (2002), calls the instantiation of ideas (e.g. surgical, engineering, managerial
techniques) into people. Consequently, after developing a theory of investment in human
capital or the instantiation of ideas into people, with an emphasis on empirical implications
rather than on formal generalizations (Becker, 1962) what becomes the next critical trajectory
in human capital theorization? Is it human capital accounting? However, let us in our
interchangeability procedure; further bring to light, some conceptual synonyms to the concept
of human capital

Human Resources (HR) are people’s energies, skills, talents and knowledge, which are, or
which potentially can be applied to the production of goods or rendering useful services
(Micah et al., 2012). Human resources have been identified as one of the main sources of
competitive advantage by many organizations in today’s economy (Bassey et al., 2012).
Human resources can be a source of sustained competitive advantage among organizations
because they meet the criteria of being valuable, rare, inimitable, and non-substitutable
(Wright et al., 1993). Resource-based theorists therefore argue that human assets can be a
source of sustainable advantage because, tacit knowledge and social complexity are hard to
imitate (Coff, 1997).

Then, is human capital, conceptually and empirically distinct from human resources?
Wright et al. (1994) refer to human resources as the pool of human capital under the firm's
control in a direct employment relationship. We also consider intellectual capital, which is
packaged useful knowledge (Stewart, 1997). Brooking (1996) further describes intellectual
capital as the term given to the combined intangible assets that enable the company to
function. Furthermore, International Federation of Accountants (1998) in Brennan and
Connell (2000) posits that intellectual capital can be thought of as the knowledge-based equity
of a company. Citing Edvinsson and Malone (1997), Brennan and Connell (2000) highlight
that in 1993, Leif Edvinsson, in a supplement to Skandia's annual report, used for the first
time, the word “intellectual capital” instead of the accounting term, “intangible assets”.
Finally, in this section of the study, according to Bontis and Fitz-Enz (2002), human capital is
also a primary component of the intellectual capital construct.

Early interest in Human Capital Accounting came from several sources, such as the
economic theory of human capital, where the first attempt to value human beings in monetary
terms was made by Sir William Petty as early as 1691. Petty was of the opinion that labour
was the father of wealth and it must be included in any estimate of national wealth. Further
efforts were made by William Far in 1853, followed by Earnest Engle in 1883. Flamhotz et al.
(2002), states that some theorists like Scot (1925) spoke about treating people as assets and
accounting for their value at the beginning of the twentieth century. However, the most
productive period of research of human HRA started at the beginning of the 1960s and was
strongly influenced by the disciplines of sociology, industrial psychology and economics
(Grojer, Johanson 1997). Research in 1999 by Flamholtz, Pylet and his team at Michigan
University generated a chronological history of the development of Human Resources
Accounting depicted by five stages as shown in Table 1.
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Table 1: Historical development of Human Capital Accounting

Stage 1 The origin of Human Resources Accounting with theories, representing inference of the basic
1960-1966  concepts (primary) of human resource accounting.

Stage 2 The first basic academic formulation of some measuring models

1967-1970

Stage 3 Rapid increase in interest levels in Human Resources Accounting

1971-1977

Stage 4 Static academic interest level and emphasis on fixed assets in organizations led to the reduction of
1978-1980 interest in HRA at the level of organizations and universities

Stage 5 Resurgence of international interests in theories and jobs in Human Resources Accounting.
1981-1990

Stage 6 Development of concepts, models, approaches, disclosure, accounting standards and treatment,
1990-now generating soft information.

Source: Flamholz (1999)

The intangibles are what differentiate a business and sustain its competitive advantage, so
they are frequently the most valuable resources that an organization has. Intangibles provide
the vocabulary of value creation, the vocabulary of economic success. When we ask why this
or that organization is successful, the answer is invariably couched in terms of intangibles.

To recognize something in a balance sheet it has to be a number on it — people need to be
ablesteto clearly identify it and reliably value it. Generally Accepted Accounting Practice
(GAAP)itjust does not believe it can be done for most intangibles. Intangibles are typically
unique and differentiated assets. This is what makes them valuable, but from a valuation point
of view thatisteiis also their downfall. With no active market in intangible assets and no market
price, valuation has to be an estimate based on uncertain future events.

But if intangibles are bought in a transaction then there is an identifiable cost and GAAP is
much more relaxed about putting them in the balance sheet. In fact, there is quite a long list of
intangible assets that GAAP is happy to see recorded after a takeover; that list includes brands
but — strikingly — still does not include human capital.

Everything seemed to change in mid 2013 whenistrthe International Accounting Standards
Board (IASB) published a discussion paper proposing radical changes to its ‘Conceptual
Framework”.istpilt acknowledged that the conservative bias of traditional accounting had led to
incomplete balance sheets. But the IASB now proposed some changes. The traditional
requirement that the value of the asset be ‘reliably measurable’ would be removed so that,
going forward, balance sheets could give a more complete account of the ‘economic
resources’ available to a company. It then gave a list of some economic resources that might
qualify for the balance sheet, including know-how, customer lists, supplier relationships, and
an existing workforce.

Human Capital sits in a diverse group of assets, including organisational culture and
competences, intellectual property and know-how, alliances and networks, and brand and
reputation that form the intangible assets of the company. Intangibles meet the most basic
definition of an asset: they are resources that we control and that we expect to provide
benefits in the future.

For the purpose of our discussion there is going to be used two definitions of human
capital, one narrower and one broader:

Narrower. Human capital is the knowledge,[s}:p]skills and abilities that reside in
individuals. This is the capital that humans take with them when they leave. The word
‘talent’ is shorthand for this.

Broader. Frequently, we want to broadenistrithe human capital construct to include the
social capital of the organization, that is, the shared skills and knowledge of
employees as a group. This includes the culture of the organization,isteiits norms and
values, and the tacit understanding of ‘how we do things here’. [s}:p}Arguably, you can
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define human capital more broadly still. Intangible assets are all in some shape or form
‘knowledge’ assets — they reflect knowledge or skill, attitudes and beliefs, and the
fruits of past intellectual activity. So we need to be alive to the fact that all intangible
assets are produced by human capital, or are a joint product withistshuman capital.

It sometimes feels as though, of all the intangible assets, GAAP has been most resistant to
recognizing human capital in the balance sheet. There is a reason for this. It follows from the
observation that an employment contract is an‘executory contract’ — a contract that creates
both a right and an obligation.

Under an employment contract, employees commit to deliver services in the future — that is
the asset. But in exchange the organization commits to pay them — that is a liability. GAAP’s
assumption is that a company pays a full and fair price under executory contracts. As a result,
the asset equals the liability so that nothing needs be recognized in the balance sheet.

When an executory contract has become ‘onerous’, because the cost exceeds the benefit,
then the shortfall does have to be recognized right away as a liability. Companies regularly do
this. A nice human- capital example is observed in the balance sheets of football clubs that
have players or managers who are no longer performing, but whom the club is committed to
pay for the remainder of their contracts.

In the same way, to put talent in the balance sheet as an asset you would have to argue that
the employment contracts are the opposite of onerous, and that the employees are worth more
to youistethan you are paying them. Then, following the executory-contract logic, the asset you
would put in the balance sheet is the surplus, the value added by your employees over and
above their remuneration.

Now it is just about always true that employeesistriare worth more than you pay them, and
often by a wide margln Otherwise, there is no point employmg them. A profitable business
cannot surviveistiwithout its employees, and the significant costsisrithat organizations incur in
replacing and training employees is testimony to their value added. So GAAP is probably too
conservative in the way it applies the executory-contract logic to human capital.

But the executory-contract idea is helpful in clarifying that, in the case of human capital,
the asset is not the talent itself but the value added by the talent. Putting a number on that
value addedisto— ‘reliably measuring’ it or providing a ‘faithful representation’ — is clearly a
challenge. And if we take the broader definition of human capital, in addition to the value
added by the talent, we need to put a value on the culture of the organization, its norms and
values, ways of working, and so forth.

The value that employees add typically comes from them being employed in combination
with each other and with other intangible resources the organization possesses, particularly its
organizational knowledge and social capital. The complexity of these systems and
relationships means that in most organizations it would be difficult and probably impossible
to quantify the value added of human capital.

3. Human Capital Accounting Models

Early Human Capital Accounting research involved the continued development of
concepts and models for measurement, valuation and accounting for human capital cost and
value, with several models emerging. But each has its own limitations and no one model has
proved to be more valid than any other. The table below illustrates the key valuation models
and approaches to Human Capital Accounting, where each approach uses different types of
methods to determine the value an employee (Dawson 1994).

A. ECONOMICS MODELS (Value approach):

A.1 Non-purchased goodwill model (Hermanson model).

A.2 Competitive bidding model (Hikimian & Jones).
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A.3 Present value of future earnings model (Lev & Schwartz model).

A.4 Economic value model (Pyle and Falmholtz model).

A.5 Future compensation (rewards) valuation model (Stochastic Model) (Flamholtz
itemodel).

A.6 The relationship between cause, intervention and the end result model (Likert model).

A.7 The five dimensions model (Mayers & Flowers model).

A.8 Present value of net benefits obtained model (Morse model).

A.9 The discounted net certain benefits model (Ogan model).

A. 10 The methods of adjusted present value (Hermanson model).

A.11 The changes in value of human resources model (Likert model).

B. MEASUREMENT MODELS ACCORDING TO COST APPROACHES

B.1 Historical cost model (Flamholtz model).[s}:p]

B.2 Replacement cost model (Likert and Flamholtz model).[s}:p]

B.3 Opportunity cost model (Hekimian and Jones model). skl

B.4 Government contribution model.

C. MULTIPLIER METHOD APPROACHES.

As we can see the number of models have been developed to value human assets. In
addition, there are two types of expenditures that could be set:

(1) Capital Expenditure: Acquisition, Development, Retention, Update or up-grading and
Hiring cost, Recruitment & Training cost.

(2) Revenue Expenditure: Wages, Salaries, Bonus, Commission, prerequisites, allowances
and short term motivation and efficiency maintenance cost. Also there are expected benefits
that the entity may earn from acquiring these human resources that exceed normal earning, or
compared to non-acquiring this employee or in comparison with other entities.

Let’s have a look to one special model that take into account historical cost adjusted with
discounted present value of extra non-ordinary earnings (Arkan, 2016). The proposed
calculation of future capital expenditure did not take into consideration the initial cost that
would be amortized over the years. Also previous models did not take in account the
probability of two important factors:

1. The probability of resigning, accidents or death.isp!

2. The probability of getting benefit from acquiring specified extra benefits from spending
on this human asset.isk!

Given the previous attempts at developing a Human Capital Accounting model it is clear
that it is not an easy task. Even highly developed models such as the stochastic model have
limitations it is yet to overcome. It is also important that a model is based on a measure for
which enough data is available. For example the reliable and verifiable cost information
beside the predicted data for future benefits has to be determined via reliable and accurate
methods, and in addition the correlation between the measure and the value of human capital
has to be strong. The business environment also has to be more sympathetic to human capital
accounting. It is important that more research is done about the net benefit of human capital
accounting and also about practical application in selecting the right measures.

The proposed model is built on an assumption of merging the initial historical cost of
human capital (as explained previously) and the expected, extra non-ordinary future benefits
from acquiring this specified human capital asset, discounted with a proper discount rate,
while taking into consideration the probable likelihood of achieving this change of earning or
benefit. To satisfy the needs of conservative accounting policies and to include a matching
principle between earnings and cost in same financial year, the model also focuses on the
probability of that person leaving the firm or resigning or dying.

The model could be formulated as:
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!
HRxE(V)=3C(q.) +[P (% 710 XZ[”" o J]xp(s)

i=1 1+}")

The model could be formulated as:

where:isp!

HR x E(V) —is the expected value of a human capital at the point of acquisition,

¥C(qz)=(ql + g2 + g3 + ... + gn) — are the historical cost functions,

P(ntx, mtn) — is the probability of attending the amount of extra-ordinary earning or net
benefits,

ntx — is the amount of extra ordinary benefits or earnings correlated with the existing
specified Human Capital,

ntn — is the amount of ordinary benefits or earnings correlated with the absence of the
specified Human Capital,

P(s) is the probability of death accident or resigning from the job,

— the time line of contract,stp!

r — discount rate for year t.

Any future capital expenditure requires a re-evaluation of human assets in order to
recalculate the amortization amount for the following years. The amortization amount per
year will then be calculated according to the equation:

HRxE(V)
Amor, = ———=,
N

Amor:_ amortization for the year t,

N — years of contract.
This amount of amortization closed yearly in profit and losses accounts for the matching of
the earnings recognized by certain Human Capital assets.

4. Balanced Scorecard in Human Resources Management at the
University of Economics in Bratislava

The University of Economics in Bratislava offers at the Human Resources Management
Program lectures and seminars at this important field within its curriculum. Altogether with
students we are looking for the answers on the following questions: What is the value added
of human capital management? What is the impact of human resources processes on
achieving of strategic goals from the long term point of view?

The main aim of the lectures is to gain basic knowledge how to make the diagnosis of the
system of measurements in the area of human resources processes and human capital
effectiveness. This main aim is supported by the partial activities during seminars where the
students are trained to achieve the ability of human capital analysis in connection to strategy.
All lectures of Balanced Scorecard in Human Resources Management is focused on forcing
analytical thinking, professional arguments and intercultural communication competency with
the aim to defence strategic management principals.

At the area of skills the outputs mainly consist of up to date approach of thinking about the
human resources management from the point of view of human capital return on investment.

At the area of competencies the outputs we stress are to clearly be aware about the role of
the human resources manager as administrative supporter versus the role of strategic partner
and to reconcile these roles as value added.
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At the area of knowledge the outputs we improve are the knowledge of the measurement
system with the aim to analyse strategic human capital management (Balanced Scorecard) and
to suggest the solutions to improve overall financial effectiveness.

Why Balanced Scorecard in Human Resources Management at the university? Students are
potential human capital entering labour market in the future. Their software of the mind
created during educational process at the university will strongly influence discussion about
Human Capital Accounting in practice in any business. A series of important economic
questions follow from treating something as an asset. What is the value of the asset and how
does that value grow or decay through time? What is the life of the asset? How much
expenditure is required each period, to maintain the asset, and enhance it so as to achieve its
productive potential?

Without balance sheet accounting, we neediskrto find some other way of ensuring that these
questions stay in view and get regularly addressed. The solution is to step down a level and
use a scorecarding approach to identify factors that can be reliably measured and that reliably
indicate the health and the value of the organization’s intangible assets. A useful way of
thinking about this is in terms of the valuation model we might build to value an intangible
asset. Take brands as an example. Compared to human capital, brands have attractive ‘asset’
qualities istrand are probably a lot easier to value. They have some protection in law, and they
can potentially be separated from the other assets and traded between companies.

When one company sells a brand to another, each side sits down and builds a valuation
model, which means putting a value on the stream of income that the brand is expected to
generate in the future. The model will need assumptions about the factors that determine what
income the brand will generate: market share, customer loyalty/customer churn, the
advertising expenditure required to maintain and grow the brand, the competitive
environment, macroeconomic conditions, and so forth. We could call these factors the ‘value
drivers’ of the brand. They are the factors you would put into a scorecard to track the health of
the brand.

Clearly, all of these assumptions are uncertain in their measurement and they are
contingent on future events, so when you are analyzing the value of a brand you would
probably think in terms of a range of scenarios. This inherent uncertainty is what makes
brands unsuitable for the balance sheet in GAAP’s view.

In summary, when a scorecard is used to monitor the health of an intangible asset like
human capital the dashboard or factors in the scorecard are best seen as the variables that
would contribute to a model of the asset’s value, if we had that model. These are the features
of a good scorecard:

All of the factors in a scorecard should have a clear empirical link to the health or
value of the human capital asset, and thus to the overall goal of the organization.

The scorecard factors need to be parsimonious; as few as possible to adequately
account for the health of the human capital asset.

Some of the factors will be qualitative rather than quantitative. Either way, they should
be capable of being clearly described so that they can be evaluated.

The factors in the scorecard will depend entirely on context and different settings may
require different scorecards. This needs to be driven[s}:p]by empirical research.

5. Discussion

Based on the research done with the companies during semester with students of BSC in
HRM at the University of Economics, and also some professional accountants and researchers
(Gates 2002, Akinsoyinu 1992) argued against Human Capital Accounting with the objections
that included:
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(a) Sensitive Data that is not something that can be shared externally. The main obstacle
for reporting human capital externally is that the information reported could be sensitive to
the reporting companies and regarded as something that should not be shared externally.

(b) Measurement not a first priority for the company: companies do not attach first priority
to the measurement of human assets; rather they face more urgent issues like human resource
requirements and allocation.

(c) Not enough time and resources: this is closely related to the problem of not attaching
priority to the measurement aspect of Human Capital where the Human Resource Manager
does not give enough importance to the concept of Human Capital Accounting.

(d) Human Resource professionals unaware of value/no clear return on investment.

(e) Lack of clear guidance and universal practice: the lack of a universal approach to its
reporting thereby defining the standards that would allow for valuable and meaningful
comparisons. There is currently an absence of a universal definition, which does itenot assist
the companies that are proactive enough to measure.

(f) Global and group issues: the issue of autonomy in global and group companies poses
another problem in the application of Human Capital Accounting. Differences in the valuation
of human resources across the countries and overlaid with different levels of salaries or value
from the same specific man skills, different measurements and different disclosures may
create more complex problems in harmonizing international accounting standards.

(g) Awareness and acceptance: the level of awareness and acceptance of Human Capital
Accounting is still low as many companies take little initiative to make the information
available to shareholders despite having the data available.

(h) Lack of an industry standard: the absence of an industry standard means that every
company has to evolve its own standard, which can become a tedious process considering that
most of them are still involved in improving their business.

(i) Extensiveness of the research involved: another aspect working against the acceptance
of Human Capital Accounting is the need for extensive research that it entails. Many
companies do not want to go into the intricacies of finding the value of their human capital.
While it may be affordable for most big companies to dwell into such best practices, it is
likely not going to be an economically viable option for small and medium size companies.

(j) Dynamism of some industries: certain industries, like information technology, are very
dynamic due to frequent discoveries and technological advancement. In these types of
industries, it is very difficult to predict as to what is going to be the future requirements and
how technology is going to shape things in the near future.

To overcome these obstacles, dialogue between Financial Management and Human
Resources Management has to be done. The most important focus for guidelines in such a
dialogue is internal decision-making and making sure that top managers exercise good
stewardship over human capital and make the right investment decisions for this key resource.

The external audience is more challenging. A good scorecard needs to be balanced and
objective, but no one has yet figured out how to get companies to voluntarily disclose bad
news to outsiders. Moreover, investors display less interest than might be expected in
corporate disclosure about intangible assets. Investors doubt the objectivity of voluntary
disclosure. And, more fundamentally, since companies themselves struggle to value their
intangibles internally, it is hardly surprising that outsiders struggle to do so.

On the other hand, if there is a transaction, then there is an observable price and you can
put the asset in the balance sheet. Football clubs are unique in putting human capital in the
balance sheet. They show player transfer fees as an asset then amortise the asset over the
duration of the player contracts and charge it against profit in addition to the players’ wages.
Effectively, the transfer fee is a prepayment to secure the surplus that the club hopes the
employee will generate over and above his wage. So even in this case, there is no attempt to
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measure the value added by the players, over and above the transfer fees and the wages. In
fact, famously, many football clubs make losses because they overpay for their players, with
the result that the value added by human capital is often negative in that industry.

6. Conclusion

The empirical import of human capital accounting will be difficult to establish and
universally recognized. This study has further highlighted these difficulties and recommends
that further investigations be continued from here, in strongly determining beyond alluring
theorizations, the empirical importance of human capital accounting.

On the other hand education at the university in the field of Human Capital Accounting can
substantially influence future discussion on the particular professional labour market.
Graduates from the University of Economics in Bratislava are fully equipped by the Human
Capital Accounting knowledge, skills and competencies, not only at the financial management
studying programmes, but also at human resources management studying programmes.

The critical approach to Human Capital Accounting takes into account all initiatives for
implementation such a system of reporting as the dehumanization of people where they
cannot be viewed like physical assets, or where their value might be publicly perceived to be
low with serious psychological consequences.

Similarly there is a political reason for labour to remain without absolute value as this
might generate claims and higher rewards for work with different skills levels.

Another question is how one amortizes the value of an employee. Does it increase or
decrease over time? And in certain industry sectors, the effort to conduct Human Capital
Accounting might be questionable amid high staff turnover rates especially in volatile
markets.

From a process point of view, the lack of a clear-cut procedure in allocating costs and
value, the lack of empirical evidence to support its use as a management tool, and some
vagueness regarding exactly how the value should be presented in the financial statement all
represent significant problems for its wider adoption and use.

Legislatively, it is not clear how tax laws recognize humans as assets, nor is there an
accepted method of valuation, confounded further by the abstract, qualitative nature of people
where bias might influence objectivity and preciseness that cannot be viewed in monetary
terms.

The traditional preoccupation with putting human capital in the balance sheet is grounded
in the reasonable view that what gets measured, gets managed. But the logic of accounting
provides useful insights when we are thinking about human capital as an asset. It turns out to
be simply too difficult to value human capital, and to put a single number on it.
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Application of the CreditGrades™ Model to
Sovereign Credit Default Swaps
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Abstract

The topic of the paper is application of the CreditGrades™ model to sovereign credit default
swaps. The goal is to estimate a benchmark for the CreditGrades™ model, one of structural
models, and apply it to forecast the prices of sovereign credit default swaps. The prices of
sovereign CDSs of ten selected countries are calculated by the modified CreditGrades™ model,
and the results are compared with the real prices of sovereign CDSs. The results show that the
CreditGrades™ model can track credit spreads well and provide timely information about the real
sovereign CDS prices, but some appropriated modifications are still required.
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Sovereign CDS, credit risk, CreditGardes™, sovereign debt, structural model.
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1. Introduction

There are mainly two well-known models for credit risk modeling, including structural and
reduced-form models. In general, this two models differ in the recovery assumption. The
structural models based on Black and Scholes (1973) and Merton (1974) assume that defaults
occur when the value of the firm falls below a certain default point and a certain recovery is
paid; while the reduced-form models represented by Jarrow and Turnbull (1995) and Duffie
and Singleton (1999) assume that defaults occur exogenously and are unpredictable, and a
separately specified recovery is paid.

The paper focuses solely on one of structural models, namely the CreditGrades™ model.
The goal of the paper is to estimate a benchmark for the CreditGrades™ model and apply it to
forecast the prices of sovereign credit default swaps. The paper follows Mayer (2012), which
provides a structural model for the valuation of sovereign CDSs that merges a sovereign
country’s stock market, CDS market, and its public accounts. The prices of sovereign CDSs of
ten selected countries from different continents are calculated by the modified CreditGrades™
model, and the results are compared with the real prices of sovereign CDSs. The imperfect
forecast illustrates although the CreditGrades™ model can track credit spreads well and provide
timely information about the real sovereign CDS prices, more appropriate modifications are
required.

2. Description of the CreditGrades™ model methodology

A credit derivative is a financial instrument designed to transfer the credit risk between
bilateral counterparties. There are many different types of credit derivatives, such as credit
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default swap (CDS), total return swap (TRS), credit swap option (CSO), asset swap, credit-
linked note, collateralized debt obligation (CDO), and so on. Among these credit derivatives,
CDSs are the most common instruments in the credit derivatives market. CDSs have existed
since 1994, and were originally used by JPMorgan Chase to transfer the credit exposure from
Exxon Mobil Corporation to the European Bank for Reconstruction and Development (EBRD).
By the end of 2007, the outstanding CDS amount reached a peak and was $62.2 trillion, and
then sharply decreasing to $26.3 trillion by mid-year 2010 because of the 2007 — 2010 financial
crises. As shown in Figure 1, it is obvious that the global CDS notional outstanding is
continuously contractionary in recent years.

Figure 1: Global CDS notional outstanding from 31.10.2008 to 30.12.2016 (USD Billions)
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Source: Own adaption based upon data from SIFMA.

2.1 Overview of the vanilla CDS

Generally, there are three parties in a CDS over-the-counter (OTC) contract standardized by
the International Swaps and Derivatives Association (ISDA), including the reference entity, the
protection buyer, and the protection seller. Figure 2 below briefly presents how a CDS contract
works. If the default event occurs before the maturity date, the protection seller should make
the default payment, named default payment leg, to the protection buyer; conversely, if there is
no default before the maturity date, the protection seller does no need to make the default
payment to the protection buyer. Moreover, the protection buyer is required to make a periodic
premium payment, named premium payment leg, as a compensation of the protection to the
protection seller until default or maturity. The cash flows of both the protection buyer and the
protection seller no matter the default event occurs are presented in Figure 3 and Figure 4.

Figure 2: Basic structure of a CDS

Premium payments until default or maturity
_____ _» ) < .
Reference Protection Yes: defalut payment | Protection
Entity | ____] Seller Defualt occurs? Buyer
No: no payment _
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Figure 3: Cash flows of a CDS if there is no default before the maturity date
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Figure 4: Cash flows of a CDS if the default event occurs before the maturity date
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2.2 The basic form of the CreditGrades™ model

The CreditGrades™ model, a structural model, aims to track credit spreads and provide a
timely indication of when a firm will default. The basic model description is graphically
presented in Figure 5 below. Suppose that there is a stochastic process of a firm’s asset value V
and a default barrier LD, where L is the average recovery on the debt and D is the firm’s debt-
per-share. Assume that the asset value follows the geometric Brownian motion:

% =odW, + ydt, 1)

t
where W is a standard Brownian motion, o is the asset volatility, and s, is the asset drift and
is assumed to be zero.

Figure 5: Model description

Non-defauit path
—_— N .

Source: CreditGrades™ Technical Document.
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Because the asset value evolves by pure diffusion and the default barrier is fixed, the standard
structural model creates unrealistic shot-term credit spreads. Therefore, the average recovery
value L can be considered random. There is a standard normal random variable Z that is
independent of the Brownian motion W. Further assume that the recovery rate L obeys a

lognormal distribution with mean L and percentage standard deviation A :

L=E(L), (2)
A?=Var(In(L)), (3)
LD = LDe™**/2, 4)

Note that Z is a standard normal random variable. It is known only when the default occurs;
otherwise, it is unknown. Moreover, for an initial asset value V,, default does not occur if:

Ve 5 DA, (5)
Since the survival probability at time t is equivalent to the probability that the asset value V,
does not reach the default barrier LD before time t, and the ultimate drive of the CreditGrades™
model is the distance between V, and LD, it is able to obtain the survival probability by utilizing

the distributions for the first hitting time of Brownian motion:
P(t)=¢[—%+mj—d-¢(—ﬁ—wj, (6)

A 2 A
only with several market observable parameters:
Vee'  S,+LD

d= = ", 7
LD LD ")
* 2
.S
A2202t+ﬂ,2:[03 S*+LD] t+ A%, (8)

where S, is initial stock price, S™ is reference stock price, and o is reference stock volatility.

Define the probability density function (PDF) as:
dP(t)

then the cumulative probability of default before time t is:
1-P(0)+ [  dsf (s). (10)

To convert the CreditGrades™ survival probability to a credit price, there are two additional
parameters needed, namely the risk-free interest rate r and the expected recovery rate on a
specific underlying debt R. Denote the continuously compounded spread by c. The discounted
expected premium payment is:

c'[; dsP(s)e™, (11)
and the discounted expected loss pay-out is:
(1-R)| 1-P(0)+ [} dsP(s)e " | (12)
Then the price of the CDS is the difference between these two items, namely:
CDS = (1- R)|:1—P(0)+ [0 dsp(s)e-fs}_c. [[dsp(s)e™. (13)

Based on the no-arbitrage pricing theory, the price of the CDS should be zero, so the
continuously compounded spread ¢ can be computed by:
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1-P(0)+e"(G(t+£)-G(¢))
P(0)-P(t)e " —e" (G(t+¢)-G(¢))

where £ =4?/c?, and the function G is given by Rubinstein and Reiner (1991):

G(U)=d“”¢(—%—za uJ+d-“’/Z¢( (f)uaf ] (15)
with 2= \[y/4+2r/c? .

2.3 Calibration of the CreditGrades™ model

To apply the CreditGrades™ model to the sovereign credit default swaps, some slight
modifications are required. Since the original CreditGrades™ is oriented to firms, now consider
the whole economy as an unlevered firm that generates an operating income stream noted by |I.
Under the assumption of risk-neutral, it follows the process:

¢ =r(1-R) (14)

dl =sdW, + /mdt . (16)
t
The sovereign asset, mainly from the tax revenue at a tax rate ', can be computed by:

tl

Vv, =—
T (17)

and the price of the stock satisfies:
(l_ t) I,

= : 18
§==— (18)

Consequently, there is an obvious relationship between the value of sovereign asset and the
price of the stock, which satisfies:

U
t_l_ts- (19)

Furthermore, the measurement of the distance-to default can be adjusted according to the
positive proportional relationship between the V, and § as:

Ve VO\\;‘e’z Voie’z v S‘—me’

d: t o 0 = % = 0 % , (20)
D p 2 p 2 LD B
°D, ° D, D,

vV,
where the stock price is proxied by the sovereign country’s stock index S™. The value of E

is estimated by minimizing the sum of the squared errors between the spreads of the observed
market CDSs and the spreads of the model CDSs:

Vo T merke Vi
%LDOE argmma((:Dst “_cpg) s >0, (21)

0

3. Calculation of the price of the sovereign CDS by CreditGrades™

The observed market CDS data of 10 countries is obtained from Bloomberg and corresponds
to 5-year maturity from March 7%, 2016 to March 6™, 2017.
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3.1 Input data

Stock index data is obtained from Yahoo Finance. The value of net national debt is from the
IMF World Economic Outlook Database. Yearly observations are linearly interpolated on a
daily frequency. Besides, the global recovery rate L is set to 50%, the volatility of the barrier
[ is set to 30% by Finger et al. (2002), and the recovery rate is set to 53% by Moodys (2011).
The risk-free rate r is referred to the government 5-year bond yield from Bloomberg.

3.2 Results and interpretations

The results calculated by the CreditGrades™ model are concluded in Table 1 and Figure 6
below.

Table 1: Comparison between the real sovereign CDS price and the sovereign CDS price by CreditGrades™

Country Spreads (bps) CreditGrades™ (bps)
United Kingdom 36.500 38.507
Germany 19.394 25.094
France 31.406 35.718
Italy 129.265 110.639
Spain 70.767 62.988
Portugal 264.116 258.320
Australia 34.665 60.968
United States 25.225 29.280
Brazil 249.376 245,935
Mexico 192.387 201.214

Figure 6: Comparison between the real sovereign CDS price and the sovereign CDS price by CreditGrades™
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Besides, based on the OLS regression analysis, it can establish the regression equation
between the real sovereign CDS price and the sovereign CDS price given by the CreditGrades™
model:

Soread =1.0346CreditGrades™ - 5.2498,
where R Square is 0.9860, Adjusted R Square is 0.9843, and F-statistic is 564.9262.

According to Table 1, Figure 6, and the regression equation above, the CreditGrades™
model is good at tracking credit spreads and providing timely information about the real
sovereign CDS prices. However, there are still some weaknesses of the CreditGrades™ model
when it is applied to forecast the price of the sovereign CDS. First, it is ambiguous to use the
national net debt at a country’s level to replace the debt-per-share at a firm’s level. What’s
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worse, the national net debt is usually a yearly data, so it is linearly interpolated on a daily
frequency, which makes the results more controversial. Second, the reference stock volatility
for the sovereign CDS is estimated by the volatility of the stock index, but whether using the
volatility of the stock index as the volatility required in the CreditGrades™ model makes sense
is open to question. Third, every sovereign CDS is assumed to adapt with the unified global
recovery rate, volatility of the barrier, and recovery rate. It is better to customize these essential
input parameters.

4. Conclusion

Credit default swaps are the most common instruments in the credit derivatives market, but
there is still no unified pricing system in the world. Generally, there are mainly two well-known
models for credit risk modeling, including structural and reduced-form models.

The paper focuses solely on one of structural models, namely the CreditGrades™ model,
and apply it to forecast the prices of sovereign credit default swaps. The prices of sovereign
CDSs of ten selected countries from different continents are calculated by the modified
CreditGrades™ model, and the results are compared with the real prices of sovereign CDSs.
The imperfect forecast illustrates more appropriate modifications are required, although the
CreditGrades™ model can track credit spreads well and provide timely information about the
real sovereign CDS prices. It is ambiguous to simply use the national net debt as one of
important parameters, so it is better to redefine the debt-per-share at a country’s level. Besides,
it is necessary to confirm the relationship between the volatility of the stock index and the
volatility of the CDS market to make it sure that it is reasonable to consider the volatility of
stock index as the reference stock volatility. What’s more, every sovereign CDS may adapt to
its own global recovery rate, volatility of the barrier, or recovery rate.
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Abstract

In this paper we continue in our research focused on numerical pricing of options. In
particular, we discuss and evaluate Discrete Galerkin (DG) approach and Fuzzy Transform
(FT) approach. We concentrate especially on some comparison. Although both methods
lead to similar level of approximation, F'T approach is more demanding and needs further
verification.
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1. Introduction

In this paper we continue in our research [5-7] focused on numerical pricing of options. In
particular, we discuss and evaluate Discrete Galerkin (DG) approach and Fuzzy Transform
(FT) approach. Both methods in option pricing are discussed especially in [5-7|. Here, we
concentrate on some comparison.

We proceed as follows. Section 2 is devoted to general ideas of option pricing; in Section
3 we review the foundations of numerical approximation and finally in Section 4 we discuss
and compare DG approach and FT approach. Moreover, in Section 5 we show a numerical
comparison.
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2. Option pricing problem

An option is a very interesting type of financial derivative. A typical characteristic is that
the payoff function is of the non-linear form. It implies broad spectrum of applications within
the financial risk management process for both, financial as well as non-financial subjects.
Simultaneously, it is the reason why the option valuation procedure can be more or less
complicated.

In general, we can define the option as a financial security, which gives its owner the right
to execute particular trade with the underlying asset, we denote it by S, at maturity time,
T, under predefined conditions. The right to make a trade can be very broad. Usually, it is
either the right to buy (a call option) or the right to sell (a put option). In these basic cases,
the owner has the right to buy (sell) the underlying asset for the fixed and predetermined
cash amount, called the strike price, K. Alternatively, the underlying asset can be changed
for another asset.

Moreover, there are several other contract conditions providing more details about option
exercising. For example, the strike price or the ability of exercising can depend on the path
followed by the underlying asset price. If there are not any additional contract specification,
we can denote the option as the plain vanilla. In other cases, the option is referred to as the
exotic option.

The cash flowing from the option at maturity is specified by the payoff function. Now, we

define the payoff function of vanilla call Wrepile;

Ve = (St - K)” (1)
and vanilla put Wogyile:
W = (- 8" ®

where (x)* = max(x, 0).

Furthermore, the option, which can be exercised only at maturity time 7 is called a
Furopean. By contrast, an American option is the one, which can be exercised at any time
during the option life, 7 = T —¢.

The option valuation problem is usually solved within the risk-neutral setting. The jus-
tification is that being able to replicate the financial derivative or hedge its payoff perfectly,
the type of the world (risk neutral or statistically true) within which we solve the valuation
problem should not change the result. From the mathematical point of view, we must be able
to find unique equivalent martingale measure (the set of probabilities Q) under which the
relevant underlying process will behave as a martingale.

In general, we can get the initial option value V, by discounting the payoff expected at
maturity. It is useful to take the expectation within the risk-neutral world and discount the
result by the riskless rate (r):

Vo=¢e¢ " EOQ,T[\IJT]- (3)

To be strictly, this formulation is not valid for American options, since it can be exercised
at any time T € [0, 7T]. Thus, we can reformulate equation (3) in this way:

Vo =supe "' ES.[Wyp], where T € [0,7]. (4)
T 7
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3. Basic principles of numerical approximation

In case that the formula above cannot be solved analytically due to the complexity of the un-
derlying probability distribution and/or complicated payoff function (e.g., American options
cannot generally be priced analytically), we need to rely on classic Black-Scholes-Merton
Partial Differential Eqution (BSM PDE), which decomposes the financial derivative value
multiplied by riskless rate into three terms, time sensitivity, first order underlying asset price
sensitivity and second order underlying asset price sensitivity:

af(ta St) af(ty St) 182f(t7 St) — Tf (5)

ot dS, 2 082 "
The most simple way is to apply the finite difference method approach, which approximates
these by definition continues partial derivatives, i.e., sensitivities of the financial derivative

price to selected factors, using discrete differences.
Since a derivation of a function f(z) can be written as:

+rS; + 0'2«5252

f'(z) = lim

h—0

we have three basic choices. For example, for df(t,S;)/0S;, with discrete increment of S
denoted by AS, we can use FDA (forward difference approzimation):

of(t,S)  f(t, 5+ AS) — f(t,5) (7)
oS, AS ’

BDA (backward difference approximation):

of(t,S) _ f(t.S8) — f(t. S — AS) (8)
dS, AS ’

or by combining them CDA (central difference approzimation):

Of(t,S)  f(t, 5 +AS) — f(t, S, — AS) 9)
oS, 2AS '

In the first case, we use the initial state, i.e., f(¢,S;), accompanied by the value condi-
tionally on the underlying asset price increase, f(t,S; + AS), while in the second case we
accompany the initial state f(¢,S;) by the value conditionally on the underlying asset price
decrease, f(t,S; — AS). The last case, which seems to be the most precise, though simulta-
neously time consuming, obviously combines both states.

On the other hand, assuming time sensitivity, 0f(t,S;)/0t, we might consider FDA only
since time can solely have positive increments:

af(tvst) _ f(t + At)‘gt) — f(tast)
o At ' (10)
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Finally, the second order sensitivity, 92 f (¢, S;)/0S?, can be obtained by combining FDA
and BDA with respect to AS:

P AS AS
B (AS)? '

Now, we return to the original formulation:

fiv1; — fij n rjASfi,j—H — fij—1 g+1 + fij—1 —2fi;

At 2AS 2AS?

with financial derivative price at time ¢ and state j being f; ; (i =0,...,Mand j=1,...,N—
1) so that:

+ 02?2 AS? /i =rfij (12)

ajfij—1+bifij+cifijr = firry- (13)
The approach presented above is obviously the most simple numerical approach with
relatively poor convergence. Two advanced approaches are summarized in the next section.

4. Comparison of several alternatives to numerical pricing of op-
tions

Many financial engineering problems are described by partial differential equations (PDE)
whose analytical (closed-form) solutions exist under very strong limiting conditions only.
This is also the case of option pricing problems which represent the important part of the
modern financial theory and practice. Therefore the numerical treatment to the option valu-
ation acquires high popularity in recent decades. There are several techniques how to realize
numerically the option pricing problems, ranging from stochastic simulations to variational
method.

The class of variational methods includes relatively new numerical techniques based on the
discontinuous Galerkin method (DGM) and fuzzy transform (FT) technique, which represents
a very effective numerical tool that enables to better capture some features of the wide
range of options under various market conditions with respect to the discretization of the
computational domain as well as the order of the polynomial approximation.

The DGM combines ideas and techniques of finite volume (FVM) and finite element (FEM)
methods to take an advantage of their strengths while eliminating their shortcomings with
each other. While the FEM is a high-order method that is primarily designed for problems
where the exact solution is sufficiently regular and no steep derivatives or discontinuities
in data or solutions are presented. On the other hand, the FVM based on discontinuous,
piecewise constant approximations allows us to capture discontinuities in the solution, but
has a low order of accuracy. Therefore, the DGM can be viewed as a generalization of the
finite volume techniques into higher order schemes or as an imaginary bridge between the
finite volume element and the finite volume.

The DGM provides the numerical solution of the PDE composed by piecewise polynomial
functions on finite element mesh without any requirements on the continuity of the solution
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between across the particular elements. Therefore this approach is suitable for problems for
which other techniques fail or have difficulties. Although the DGM was developed in the
early 1970s, its potency in option pricing problems has not yet been fully exploited. From
this point of view, this method represents a very promising numerical tool in this issue.

The second technique — fuzzy transform — is a relatively new approximation technique
using fuzzy modeling tools to transform the functions to the finite real-number systems that
provide compressed information about the original functions. More precisely, the F'T starts
by introducing a fuzzy partition of a given interval of reals using fuzzy sets with a special
shape called basic functions. The FT has two phases — direct and inverse. The direct F'T
transforms functions into a finite vector of real numbers/polynomials that are called the
FT components. These components are weighted local means of the original functions with
respect to a given fuzzy partition and thus each component provides a local approximation
of the original functions.

After some manipulation with the vector of FT components, which correspond to numer-
ical solving PDE, one can re-use newly obtained components to approximate the continuous
reconstruction of the solution of the original PDE. This procedure denoted as the inverse
FT provides the solution in form of a linear combination of the basic functions with the FT
components as the coefficients.

5. Numerical example

We apply both approaches to get a put option price — we assume close to ATM put option
with strike at 4700, German DAX index as the underlying with implied volatilities from the
market and zero interest and dividend rates and maturity of 3 months. The results for linear
(triangular) as well as quadratic (cosine) approximation ae apparent from Figure 1. Although
in this experiment F'T' approach seems to be more computational demanding, it gives similar
results to DG approach. Notwithstanding, further investigation of the method is needed.

Figure 1: Relative error of numerical approximation methods at a given point
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6.

Conclusions

Option pricing is important part of financial engineering. In this paper we have focused on
numerical approximation techniques and especially on DG and FT methods. Although both
methods lead to similar level of approximation, F'T approach is more demanding and needs
further verification.
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Option Pricing in Non-Gaussian Ornstein-
Uhlenbeck Markets

Gabriele Torri! Rosella Giacometti? Svetlozar Rachev?

Abstract

Non-Gaussian Ornstein-Uhlenbeck processes allow to model several distributional features of
assets’ returns, including volatility clustering, fat tails and leverage.

The most common specifications however do not allow to model long range dependence in the
volatility process or self-exciting dynamics. Here we focus on the recently introduced class of
Volatility Modulated non-Gaussian Ornstein-Uhlenbeck (VMOU) processes, that introduce a
Stochastic Volatility of Volatility (SVV) component, allowing for richer dynamics for the
processes, while maintaining good analytical properties. We present the framework, showing how
to introduce SVV and how to compute structure preserving equivalent martingale measures. We
also recall the Fourier transform option pricing setting, showing an implementation based on Non-
Gaussian Ornstein-Uhlenbeck processes. Finally, we run a simulation study to highlight the
empirical properties of VMOU processes, with particular attention to the clustering of volatility
of volatility.

Key words
VMOU Processes, volatility of volatility, self-exciting dynamics

JEL Classification: G12, G13

1. Introduction

Stochastic volatility is a well recognized stylized fact in equity markets, and has been widely
studied in the financial literature. Probably the most known stochastic volatility models is the
one introduced by Heston (1993) that, building from the Black-Scholes and Merton framework,
models the instantaneous variance as a Cox—Ingersoll-Ross (CIR) process. Another approach
is the one proposed by Barndorff-Nielsen and Shephard (2001), that model stock as diffusion
process and volatility as a non-Gaussian Ornstein—Uhlenbeck (OU) process driven by a Lévy
subordinator (Barndorff-Nielsen and Shephard, 2001) hereafter these will be referred to as BNS
models. A third approach for the introduction of stochastic volatility is to change the clock time
t to a random time with a non-decreasing process, typically a Lévy subordinator (Barndorff-
Nielsen and Nicolato, 2003).

Here we focus on the BNS framework, that is characterized by good empirical performances
and high analytical tractability. BNS models can explain several stylized facts exhibited by
equity prices, including heavy tails, volatility clustering and leverage effects (i.e. the negative
correlation between asset returns and volatility) (Barndorff-Nielsen and Shephard, 2001).
Generally, they also allow easy option pricing using Fourier transform techniques (see Eberlein
et Al., 2010). One of the main drawback is that most of the specifications of this framework do
not allow to capture long range dependence. Moreover, empirical analyses highlighted that the
volatility in the market has itself a stochastic volatility, and that the market presents self-
exciting and cross-exciting dynamics, in particular when considering intra-day frequencies
(Ait-Sahalia et Al., 2015). A possible extension of BNS models that includes naturally self-
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exciting dynamics may be the use of Hawkes processes in the volatility process. This extension
however would lead to relevant problems concerning option pricing, since Hawkes process are
not semimartingales. An alternative and promising approach, consists in the introduction of a
stochastic volatility of volatility SVV component, as proposed by (Barndorff-Nielsen and
Veraart (2013)) with the Volatility modulated non-Gaussian Ornstein-Uhlenbeck (MVOU)
processes. MVVOU are an extension of the BNS model in which the volatility process has a
stochastic volatility itself. In particular, the SVV effect can be obtained in two ways: by
introducing a stochastic volatility for the variance process or by changing the time of the Lévy
subordinator of the variance process.

In this work we present some properties of the VMOU processes and we lay out an option
pricing methodology based on Fourier transform.

Section 2 gives the theoretical description of the VMOU model, Section 3 discusses the
change of measure and option pricing, Section 4 shows an application of option pricing, Section
5 shows a simulation study aimed at highlighting the empirical properties of VMOU processes,
Section 5 concludes and presents future research goals.

2. The VMOU model

2.1 The BNS model

We first briefly introduce the BNS model, and then we show how to expand it to the VMOU
framework. We assume that the logarithmic asset price Y = (Y;) o IS an It6’s semimartingale
defined on a probability space (2, F, (F¢)¢so, P)

dYt = atdt + O—t_th + d]tl (1)

where a = (a;)s0 1S @ predictable drift process, o = (0;):s0 is a cadlag process, and | =
(Jt)¢=0 is the pure jJump component. In particular, in the BNS model, the volatility o follows a
non-Gaussian OU process driven by a Lévy subordinator (i.e. a Lévy process with positive
increments) and the jJump component of the log-asset price is the same that drives the volatility
process. The dynamics for the model can therefore be described by the following SDEs:

dYt = (‘u — %o‘tz) dt + O't—th + deAt, (2)
do? = —Acfdt + dLy,, ©)

where the Background Driving Lévy process (BDLP) L has no drift, L = {L,,t = 0} is a
subordinator u € R and p € R_. Note that the Brownian motion W and the BDLP L are
independent and the filtration is the one generated by the pair (W, L). The leverage effect is
obtained thanks to the coefficient p in Equation 2.

The model is characterized by a high level of analytical tractability. In particular, for the
special choice of a Gamma-OU and IG-OU processes, it is possible to derive in closed form the
characteristic function of the log price of the assets under the structure preserving martingale
measure, allowing for fast and reliable option pricing (Nicolato and Venardos, 2003).

2.2 The VMOU model

Volatility modulated non-Gaussian OU models allow to introduce a stochastic volatility of
volatility (SVV) component in the BNS framework outlined in the previous section. In
particular SVV can be obtained in two ways: the first is to introduce a stochastic integrand v
independent from L which scales the jump size of the subordinator. The dynamics of the
variance can then be expressed as:
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do? = —AcZdt + vy-dLy,, 4)

where v = (v;)s0 is a stationary positive, cadlag process.
An alternative approach to introduce SVV is to perform a stochastic time change on the
subordinator. The dynamics for the instantaneous variance are then the following:

dof = —Aofdt +dL,,,, (5)

where 7, = fot &-ds and & = (&,);s0 is a stationary positive, cadlag process, independent

from L. The process ¢ is chosen to be absolutely continuous. As an alternative, ¢ could have
been modeled as a Lévy subordinator, although in this case we would return to the original BNS
framework, since a time-change performed using a Lévy subordinator performed on another
Lévy subordinator is itself a Lévy subordinator (Barndorff-Nielsen and Veraart (2013)).

The two approaches for the introduction of SVV (stochastic integrand and time-change)
could in theory be used together, although in practical applications it may be more suitable to
use only one of the two.

3. Martingale Measures and Option pricing

In order to use VMOU model to price derivatives it is necessary to identify an equivalent
martingale measure. The stochastic volatility market that we are modelling is free of arbitrage
but not complete, therefore the martingale measure is not unique and we have to select one. We
consider the class of structure preserving martingale measures, discussed in the context of BNS
model in Nicolato and Venardos (2003) and Hubalek and Sgarra (2009).

The peculiarity of these equivalent martingale measures is that under such measures the
evolution of the underlying assets follows a stochastic differential equation with the same
structure, although with possibly different parameters (Hubalek and Sgarra (2009)). This in turn
allows to use Fourier-transform techniques for option pricing.

In particular, Barndorff-Nielsen and Veraart (2013) show that a structure preserving change
of measure for VMOU process can be performed by constructing the product measure of a
structure preserving change of measure for the BNS model with a structure preserving change
of measure for the SVV components. We also highlight an interesting property of VMOU
models proved in Barndorff-Nielsen and Veraart (2012): the authors show that in MVVOU
models, the variance risk premium dynamics under a structure preserving equivalent martingale
measure is fully determined by the SVV component.

Once obtained the characteristic function of the log-price process, it is possible to price
options and other derivatives using Fourier-transform techniques, such as the ones proposed by
Carr and Madan (1999) and Eberlein et Al. (2010). In particular, in case of plain vanilla call
options, we can use the method of Carr and Madan (1999). Let k denote the log of the strike
price K and Cr (k) the value of an European call option with maturity T and strike K. Indicating
with g (s) the risk neutral density of the log price and ¢+ (u) the corresponding characteristic
function, we can denote the value of the call option as:

Cr(k) = [7 e (e5 — e) qr(s)ds  (6)
As proved in Carr and Madan (1999), we can then express the value of the option as follows:

e—ak

Cr(k) =— [ e"™pr(wydu, (7)

A T
with
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e"Tpr(u—(a+1)i)
a?+a-u?+iu(a+1)’

Yr(u) =

where « is a damping factor. Equation 7 can be solved numerically using fast Fourier
transform or, as proposed by Chourdakis (2004), fractional Fourier transform.

The technique can be applied to VMOU processes, for which the characteristic function can
be obtained in semi-analytical form. We can express the Laplace transform of a VMOU process
under a structure preserving risk neutral probability. To simplify the exposition assume that the
model for the asset price under the equivalent martingale probability Q is given by S, = Sye't
with:

dY, = (u + Bod)dt + o-dW,,

where i, B € R. Moreover, the process o7 is characterized by both stochastic integrand and
change of time (see Equations 4 and 5). The discounted process is a martingale if and only if
u+ (ﬁ + %) o2 = r (Nicolato and Vernandos, 2003). If the martingale condition holds, it is

possible to determine the Laplace transform as follows, as proved in Barndorff-Nielsen and
Veraart (2013), Proposition 2.1:

Let ¢p(u) = EX[e*¥e+r] for h > 0. Then:
¢(u) = exp (uYt + uuh + (,Bu + u;) E;L(h)O'tZ) [EftQ [exp (/1 ftt+h)(L (f(s, u))f,ls— ds )], (8)

where f(s,u) = (,Bu + u;) €(t + h —s)vy,, €(t):= %(1 —e ) and y, denotes the
log-transformed Laplace transform of L.

In the VMOU case the integral has to be valuated numerically using Monte Carlo techniques,
while the traditional BNS admits, in some specifications, a closed form for the characteristic
transform of Y;, . In the following sub-Section, we present a brief application of Fourier pricing
technique with the BNS model.

3.1  Fourier Pricing with BNS Model

When the variance process of the BNS model is specified with an OU-gamma or a OU-NIG
process (see Schoutens, 2004), it is possible to obtain the characteristic function of the log-price
process under the structure preserving equivalent martingale measure and to implement Carr
Madan (1999) Fourier pricing. In particular, in the case of OU-gamma variance, Equation 8 can
be written as:

¢ (w) = E[exp(iuY,|S,, o5] = exp(iulog(Sy) + (r — g —arp(b — p) ")),
X exp (—%A‘l(uz + iu)(1 — exp(—A1t))ad )

X exp <a(b ~ £) " (blog (522) + fz(u)/lt)>, )

where f;(u) = iup — % (u? + iu)(1 — exp(—At)) and f,(u) = iup — % (u? + iu), r is the
risk-free rate, q the dividend yield of the asset and a, b, A, p the parameters of the model, as
specified in Schoutens (2004, Chapter 7.1.1). We used the US 3-months treasury bill as the risk
free rate and the historical dividend yield of the S&P 500 The calibration of the model is
performed on 167 European call options written on the S&P 500 index priced at the closing
time of 12/08/2017. The dataset is available upon request by the authors. The calibration has
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been performed by minimizing the mean square error (MSE) of the option price obtained by
the model and the market price:

(market price—model price)?

number of options (10)

Figure 1 shows the market prices of the options and the fitted values, as well as the implied
volatilities. Table 1 reports the value of the RMSE and other statistics and compares them to
the results of pricing done with Black, Scholes and Merton model. We see that the BNS
model proves to be far superior in fitting option prices compared to the Black, Scholes and
Merton model. Notice however that the calibration has been performed using the market
options in a single day. In theory the model parameters should remain constant over time,
however in practice they typically change and the market practice is to recalibrate the model
daily (see for instance da Fonseca and Grasselli, 2011). The usage of a more suitable model,
such as the VMOU, may in theory reduce the instability over time of the parameters, allowing
more accurate pricing and forecasting. We will address this issue in future investigations.

Zoptions

Figure 1: Option calibration with BNS-OU-gamma model. Option prices (Panel A) and implied volatilities
(Panel B) in the market for different maturities (circles) and fitted values with BNS model with OU-gamma
variance (solid line).
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Table 1: Statistical measures for quality of fit — AAE is Average Absolute Error, RMSE is Root Mean Square
Error, APE is Average Percentage Error. The indicators are specified as in (Schoutens, 2004, Chapter 1.2.2).

Model AAE RMSE APE (%)
BNS-OU-gamma 1.52 2.19 2.86
Black, Scholes and Merton | 7.82 10.64 14.74

4. Simulation of VMOU Processes

In this Section, we conduct a simulation study with two specifications of the VMOU process.
The goal is to describe the empirical properties of the models and to highlight their modeling
flexibility, specifically in relation to long range dependence and volatility clustering of the
volatility process. The first specification is constructed using the stochastic integral v (hereafter
defined stochastic integral model):

av, = (u—1of)dt + o-dW, + pdlze,  (10)
dO'tZ = —/10'tzdt + Uzt—dLAt!

dv}, = —AV v} dt +dLS,

where L; and LE”) are independent gamma processes with parameters a = 1,s = 0.08 and
a® =0.1,s™ = 5, respectively. Moreover, u = 0.05, 1 = 10, A*) = 1 and p = —0.01.

The second specification is constructed using a time change (hereafter time change model),
in which the the process ¢ follows a CIR process driven by a Brownian motion B independent
from W (see Equation 5)

ay, = (,u - %af) dt + o-dW, + pdLy, (12)
dof = —Ao¢dt +0.5dL,,,,
dty = §p-dt,

d&; = a(B — &)dt +y,/E.dB;,

where @ = 2, B =1, y = 1 and the parameters for dY, and do? are the same as in the
stochastic integral model (Equation 11).

Finally, we also simulate a traditional BNS model with OU-gamma stochastic volatility as a
reference (hereafter called BNS-OU-gamma). The specification is the following:

dy, = (M - %a,?) dt + o,-dW, + pdLy,, (13)
do? = —Acfdt + dLy,,

where the parameters are set as in Equations 12 and 13. Notice that the parameters chosen
make sure that in the three specifications the mean of ¢ is equal. For each setting we simulate
3000 observations of length 1 trading day. Figure 2 shows simulated trajectories of o2
computed using the three specifications, the & process in the time change model process and the
v2 in the stochastic integral model. We can see that the processes of o2 exhibit richer dynamics
in the two specifications of MVVOU model compared to the traditional BNS-OU-gamma model.
In particular, the processes display volatility clustering and sharper rises in volatility compared
to the BNS-OU-gamma. The two MVVOU models obtain the results in rather different ways, in
the stochastic integral case, the volatility dynamics are driven by sharp jumps in the process
v2, while in the time change model they are influenced by the diffusion process &.

The presence of an SVV component can also increase the memory of the process, as shown
by the autocorrelation function of the variance function and of the absolute returns for the three
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specification of o2, as presented in Figure 3, that is larger for the VMOU models compared to
the BNS-OU-gamma model. Finally, we notice that that by changing the parameters of the SVV
it is possible to obtain a large variety of specifications, in particular concerning the volatility
clustering of the o2 processes, allowing for large model flexibility. This last point is illustrated
in Figure 4, where we simulate the stochastic integral model with different values for the
parameters A", that governs the level of serial correlation of the process. This model flexibility
may be particularly useful to better capture market features and to model self-exciting
dynamics.

Figure 2: Simulation study — simulated instantaneous ¢ process for stochastic integral model, time change
model and the BNS-OU-gamma model, respectively (Panels a,b,c), v2 in the stochastic integral model (d) and &,
process for the time change model (e).
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0.8 0.8 0.8
| |
0.6 0.6 0.6
|
0.4 \ \IJ 0.4 ] 0.4 \\ | 1
| | \ ’ I \\ | } \ \
J\ lm\[\ M L W; v "'[‘W": AL ﬂf}. flf ol \M
02y W\« | ,\(“,F”M \ N 02 Mf‘ “‘ ‘ 02 r' W IHW i Y }
! J‘\J “‘\f"}"‘\"” \m\\\ A W \'M W \ 'r r HA U ”
0 500 1000 1500 2000 2500 3000 0 500” 1000 1500 2000 2500 3000 0 500 1000 1500 2000 250[] 3000
Panel D —uf (stochastic integrand) Panel E - gt (time change)
15 3
10 2 L
| \ M “ L( M‘
| | I 1 T ”J
° ‘\ Il ! (l‘ \ “F l
|| \ * \ WW W ”‘
- “*'\.JL N NV AW \\ i ‘N
U0 500 1000 1500 2000 2500 3000 U0 500 1000 1500 2000 2500 3000

Figure 2: Simulation study — Autocorrelation function of process V and of absolute returns for different
model specifications.

. Emplrical Autocorrelation function - vt 1 Empirical Autocorrelation function - Absolute returns

stochastic \megland stochastic \megrand
R — — time cnange — — time manga
0.8 \ - BNS-OU-gamma 0.8 -~ BNS-OU-gamma

0.6 ) \ 06
N

N~
0.4 . \\\\ - 0.4
~. ™~ i
. ~. L “eny A
0.2 ~ ~ 02~ [
N v~ \7\ OV
~_ e WW“%\H
— ’ _\"\W\ “’Y,J«

0 - 0

02 . . . . 02 . . . .
0 20 40 60 80 100 0 20 40 60 80 100

Figure 3: Simulation study — Simulations of stochastic integrand model with different values of 1.
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5. Conclusions and Possible Extensions

VMOU processes constitute a natural extension of BNS random volatility models. The
flexibility of the framework and the ability to describe stylized facts of financial markets, make
them promising modeling tools. In this work we present the main features of the framework,
describing how the stochastic volatility of volatility component is introduced, and showing how
to compute the structure preserving equivalent martingale measure. We then recall the Fourier
transform technique by Carr and Madan (1999) and we present an implementation with BNS-
OU-gamma model, calibrating the process parameters using S&P500 option prices. Finally, we
present a simulation study where we visualize the features of VMOU processes, comparing
them with a traditional BNS model. We conclude saying that the model shows premising
features, especially in capturing the volatility clustering of the volatility itself, showing features
similar to self-exciting dynamics. Further investigations are required to implement Fourier
option pricing with this model and to test the performances on real data, especially at intra-day
frequency.
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Methods of Risk Identification in Management of
Public Sector Organizations
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Abstract

The paper addresses the issues of risk identification as a separate stage which forms an integral
part of any risk management process. It is also a process which forms an integral part of
governance in public sector organizations. In particular the author focuses on risk identification
methods that can be used by public sector organizations. In this paper the author also draws
attention to the applicability of some of these methods. The paper is an attempt at transferring
the risk management patterns and methods from the private sector to public sector
organizations. The theoretical deliberations in the paper are illustrated by the empirical research
results conducted among selected Polish public hospitals. The paper uses the method of
synthesis. It also contains a review of the scholarly literature in this field.
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Introduction

Both in theory and in practice risk management in the public sector may be considered
across a number of areas in which a given organisation operates and with reference to various
fields within public management in general, as a science of management [1]. That is why risk
is so difficult to manage in the public sector and an attempt at proposing a single all-purpose
methodology in this respect would be such a challenging task. This also applies to risk
estimation, as in economic sciences risk is perceived as a measurable category [2]. In addition,
the stage which should not be neglected either is risk identification, as it precedes risk analysis
and assessment and has a crucial importance in the entire risk management process in public
organisations. Any mistakes made when identifying risk sources in a public organisation are
bound to result in follow-up mistakes in the final risk assessment, leading to the selection of
incorrect methods to deal with risk and, consequently, inadequate risk responses [3].
Therefore, the knowledge of risk management methodology plays such an important role in an
organisation’s practice, although it would be quite difficult to find any publications dealing
with the methodology issue in the literature on the subject. That was the reason behind the
decision to explore the topic in this paper, which aims to present the risk management issues
in public organisations, with the focus on risk identification methodology. The paper is an
attempt to transfer risk management patterns from the commercial sector to the public one,
since risk management as a practical science has its origin in the commercial sector [4, 5],
which is especially true about risk management in financial markets [6]. Nowadays, risk
management is a vital component of management sciences, including strategic management

! Piotr Tworek, Ph.D., Assistant Professor, Department of Public Management & Social Sciences,
Faculty of Economics, University of Economics in Katowice, 1 Maja 50 Street, 40-287 Katowice,
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[7], and public risk management may be an excellent illustration of the New Public
Management (NPM) concept [3] or, in general, of other theories in this area, which are widely
addressed in the scholarly literature and have frequently been verified in practice [8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18]. Risk is a pervasive category and, as such, it should be managed in
an appropriate manner, using well-suited methods. What is important here is the knowledge of
benefits and drawbacks which can be found in every risk management method and which are
directly translated into its applicability. Consequently, the paper includes a recommendation,
suggesting that risk identification methods used by risk managers in the commercial sector
should be implemented in public organisations in Poland and all over the world. The
theoretical and conceptual deliberations are supplemented with the results of the empirical
research conducted among a selection of public hospitals which operate in Poland, looking at
these entities as a classic example of public sector organisations [19]. The research was
carried out as part of the project entitled ,,Risk in public management. Stages I and II*
(scientific potential 2016-2017), at the University of Economics in Katowice, where the
author of the paper performed the role of a project manager. A questionnaire survey and face-
to-face interviews were used during the research. The paper also contains a review of the
scholarly literature in this field. It employs the methods of deduction, induction and synthesis.

1. Methodical problems of risk identification in public organizations

Regrettably, in the Polish public sector risk is managed to a limited extent only and —
unlike e.g. in corporations — not all of the available methods tend to be used e.g., in particular
when it comes to risk identification and quantification [20]. This is mostly due to the cross-
functional character of public risk [21], which is today regarded as a multi-sectoral category.
This also applies to the operations of non-profit organisations [22] or any forms of
entrepreneurial activities, including social enterprises [23, 24], where it can be seen as an
inherent feature. In an organisation risk may refer to any aspect of its activities, as well as such
dysfunctions as a deterioration in its effectiveness, blockage of communication channels,
incorrect allocation of the organisation’s resources, weakening cohesion of its business
culture, lower flexibility and adaptability of the organisation when having to face changes
occurring in its environment, excessive or uncontrolled growth and blurring of its boundaries
[25]. From the scientific perspective, risk makes a category which is highly difficult to define,
that is why risky or uncertain situations which may be encountered by organisations,
enterprises or an economy at large are often referred to in the literature as crisis situations [26,
27, 28, 29]. This seems to be particularly justified and well-founded in case of public sector
organisations, as a crisis in public management may assume a variety of forms, e.g. the risk of
a political crisis [30]. No matter, however, how risk is defined and understood in an
organisation’s operations, what matters most are substantial considerations. The issue of
methodology in management sciences has been [and still remains] an interesting area of
scientific research [31], which is particularly true when looking at the transfer of management
patterns [32] — including risk management methods — from the commercial sector to the
public one. What appears to be of vital importance here are the utilitarian benefits or, in
general, the applicability of risk management methods that are potentially available to public
managers and can be used in public organisations, as a supplement to the existing public
management instruments [33]. This may lead to a specific methodological question: Which
risk identification methods should be used in a public organisation to enable it to manage its
risk in a comprehensive and complementary way?

The proposed methods are listed below in Table 1.
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Method

Strengths

Weaknesses

CSFs for Effective Application

Brainstorming

o Allows all participants to speak
their mind and contribute to the
discussion

o Can involve all key stakeholders

o Creative generation of ideas

Requires attendance of key
stakeholders at a workshop,
therefore can be difficult to
arrange and expensive

Prone to Groupthink and other
group dynamics

May produce biased results if
dominated by a strong person
(often management)

o Often not well facilitated

Generates non-risks and
duplicates, requires filtering

o Attendance of representative group
of stakeholders

Commitment to honesty
Preparation

Good facilitation

Use of structure (e.g. categories or
RBS)

Cause and Effect
(Ishikawa) Diagrams

o Visual representation of public
organization promotes structured
thinking

Diagram can quickly become
over-complex

Effective selection of critical
impacts (e.g. by use of sensitivity
analysis)

Check lists

Captures previous experience
Present detailed list of risks

Check list can grow to become
unwieldy

Risks not on the list will be
missed

Often only includes threats,
misses opportunities

Regular maintenance is required
Use of structure can assist (e.g.
RBS)

Delphi technique

Captures input from experts
Removes sources of bias

o Limited to specific risks

Dependent on actual expertise of
experts

May take longer time than
available due to iterations of the
experts’ inputs

Effective facilitation
Careful selection of experts
Clear definition of scope

Document review

Exposes detailed public
organization-specific risks
Requires no specialist tools

Limited to risks contained in
public organization
documentation

Understanding of relevance of
prior experience

FMEA/Fault Tree

Produces an estimate of overall
reliability using quantitative tools

Focuses on threats not so useful
for opportunities

Detailed description of the area
being assessed

Analysis e Good tool support « Requires expert tool not generally | e Statistically accurate data on fault
available to those except experts probabilities for many events
o Creates deep understanding of e Time-consuming and complex o Prioritized objectives
factors that affect public technique
Force Field Analysis organization objectives e Usually only applied to a single

objective, so does not provide
whole-organization view

Public sector
knowledge base

Captures previous experience
Allows benchmarking against
external public organizations

Limited to what has previously
happened

Excludes organization-specific
risks

Access to relevant information

Influence diagrams

Exposes key risk drivers

Can generate counterintuitive
insights not available through
other techniques

Requires disciplined thinking
Not always easy to determine
appropriate structure

Identify key areas to address

Interviews

Addresses risks in detail
Generates engagement of
stakeholders

Time consuming
Raises non-risks, issues, worries
etc, so requires filtering

Good interviewing and questioning
skills

Environment of trust, openness,
confidentiality

Preparation

Open relationship between
interviewer and interviewee

L]

Nominal Group
Technique

Encourages and allows all
participants to contribute
Allows for different levels of
competence in common language
To a large extent,
autodocumenting

Provides ideal base for affinity
diagramming (grouping by risk
categories for use in the Risk
Breakdown Structure and Root
Cause Analysis)

Can lead to frustration in
dominant members who feel it is
moving slowly

e Good briefing of all participant in
the technique
o Strict facilitation

868



11% International Scientific Conference Financial Management of Firms and Financial Institutions Ostrava

VSB-TU of Ostrava, Faculty of Economics, Department of Finance 6t —7™ September 2017
o Leverages previous experience o Limited to those risks that have o Well structured organization
e Prevents making the same occurred previously lessons learned database
Public organization mistakes or missing the same o Information is frequently e Participation of previous
reviews/Lessons opportunities twice incomplete: details of past risks organization team members
learned/Historical may not include details of (ideally including the public risk
information successful resolution; ineffective manager)

strategies are rarely documented
Creative generation of ideas
Ensures coverage of all types of Topic can be too high level Choice of list relevant to the public
Prompt Lists risk organization and its environment
Stimulates creativity
Encourages broad thinking to the Success depends on the quality of | e Clear and unambiguous questions
identify risks the questions Detailed briefing of respondents
Limited to the topics covered by
the questions

Can be a simple reformatting of a

Questionnaire

checklist
o Offers a framework for other risk | ¢ None e Requires a comprehensive RBS,
identification techniques such as often tailored to the public
Risk Breakdown brainstorming organization
structure (RBS) o Ensures coverage of all types of
risk

Test for blind spots or omissions
Allows identification of

Most risk management Ability to identify if a risk is an

additional, dependent risks techniques are organized by outcome of a more fundamental
¢ Allows the public organization to individual risk. This organization cause
identify risks that may be related is not conducive to identifying o Willingness by management to
because of their common root the root causes accept and address the root cause
Root-Cause Analysis causes o Can oversimplify and hide rather than adopting partial

e Basis for development of pre- existence of other potential workarounds
emptive and comprehensive causes
responses e There may be no valid strategy

o Can serve to reduce apparent available for addressing the root
complexity cause once it has been identified

o Ensures equal focus on both o Focuses on internally generated e Good facilitation
threats and opportunities risks arising from organizational | e Strict adherence to the technique,

o Offers a structured approach to strengths and weaknesses, to avoid confusing the four SWOT

SWOT Analysis identify threats and opportunities excludes external ri_sks perspectives (i.e. betwee_n_

e Focus on internal (organizational | e Tends to produce high-level Strengths and Opportunities, or
strengths and weaknesses) and generic risks, not public between Weaknesses and Threats)
external (opportunities and organization-specific
threats)

o Ensures all elements of the public | e Excludes external risk or those e Good WBS
organization scope are considered not specifically related to WBS

WSS Review o Provides for risks related to elements

different levels of detail (from
high-level to those related to
individual work packages)

Table 1: Methods: examples and templates for identifying risks in public sector organisations

Source: based on [34].

Table 1 provides some examples of the solutions used by project managers in the
commercial sector [34], which can be transferred to public organisations, highlighting, on one
hand, strengths and weaknesses of the risk identification methods and, on the other hand, their
applicability. When reviewing the methods listed in Table 1 it is apparent that their usefulness
in public management may vary. Nevertheless, such methods should be used in an
organisation’s practical activities in a complementary way, which is one of the principles
underlying the general concept of Public Risk Management (PRM) [3, 20, 21], as
recommended in the scholarly literature. The adherence to this principle may ensure high
effectiveness of risk identification, when carried out by public organisations. Another
important issue in public management is the fact that every risk identification method (Tab. 1)
can be adjusted by a public manager to better suit their needs, i.e. depending on the risk they
are considering at the given time. Also, a combination of qualitative and quantitative methods
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should be applied in a complementary way. Such an approach is advocated by a number of
associations and research institutions worldwide, which promote risk awareness [5]. In Europe
attention should be drawn, first of all, to the solutions developed within an international risk
management standard of FERMA (Federation of European Risk Management Associations),
the main advantage of which is the fact that it was designed having in mind, inter alia, public
organisations [3]. However, one should not neglect the key downside of the FERMA standard,
namely a lack of a clear statement that risk should be managed in an integrated way. In case of
public organisations this is to be understood as meaning that some kind of pivotal value needs
to be found and serve as a point of reference for risk estimation, conducted with specific
methodology [20]. Similar drawbacks may be seen in the concept of Public Sector Risk
Management (PSRM) [35], given in the literature on the subject, which — in addition — seems
to be inconsistent. Besides, some solutions that are worth a mention are comprised in The
Orange Book: Management of Risk — Principles and Concepts [36]. These, however, focus
predominantly on risk management in the public sector, which is connected with managerial
control and is carried out from the internal audit perspective. Such an approach is
implemented, e.g. in Poland, in line with Message No. 23 of the Minister of Finance, dated 16
December 2009 on managerial control standards for the public finance sector [37] and
Message No. 6 of the Minister of Finance, dated 6 December 2012, on specific planning and
risk management guidelines for the public finance sector [38]. In practical terms, the need to
implement managerial control as a system operating across a given public organisation gives
rise to numerous responsibilities on the organisation’s management part, such as, first of all,
an obligation to devise managerial control procedures, including such essential components as
a system for setting the organisation’s goals and the procedures required to be able to identify
existing risks that may jeopardise the goals and tasks on hand [39]. Secondly, self-assessment
procedures have to be developed and the procedures which are already in place have to be
aligned with the managerial control system which is being created, using — to a large extent —
the existing mechanisms, e.g. the internal controls that have so far been used [39]. Moreover,
heads of organisational units should check, first of all, whether the risk identification method
is consistent across the organisation; secondly, whether risk identification is carried out in a
planned and regular manner and scheduled at least on an annual basis; thirdly, whether
members of top management are involved in the risk identification process; fourthly, whether
the risk identification process is documented; fifthly, whether a risk identification process is
repeated in case of any significant change in the organisation’s goals or operating conditions;
sixthly, whether the risk identification method has been communicated to appropriate staff
members in the organisation; seventhly, whether the risk identification process is conducted
taking notice of internal and external audit findings, as well as the available results of
assessments, checks etc. [40]. These guidelines, however, focus on procedures, rather than
methodology.

Conclusion

Due to the specific character and the multitude of organisations operating in the public
sector, it would be a highly challenging task to devise one universal procedure for risk
management processes. From the scientific point of view, the transfer of (risk) management
patterns from the commercial sector to the public one appears to be even more difficult. One
of the reasons could be the difference in the way private entities and public organisations work
[32]. However, a feasible attempt could be the adaptation of tried and tested management
models e.g. from American corporations, not only for the very concept of strategic
management but also for processes and methods employed when managing risks. In order to
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be able to successfully transfer risk management methods from the commercial sector to the
public sector public managers are expected to: firstly, be aware of the fact that a wide range of
risk identification methods are available and each of them can use these methods freely in
public organisations, depending on the situation and their needs; secondly, they should know
that risk identification methods have both advantages and disadvantages, which is particularly
important in public management; and thirdly, they should remember that various risk
management methods bring about various effects [41] in a variety of public organisations. It is
vital to select an appropriate method, based on a given public organisation’s profile. Some
risk identification methods may work much better in one organisation while other methods
may turn out to be more effective in other public entities. In public management special
attention should be paid to the features every method demonstrates, which is also frequently
highlighted in the literature on the subject (Tab. 1). What also tends to be emphasized is the
applicability of such methods. These issues are common knowledge among risk managers in
the commercial sector but seem to be much less noticeable in the public sector or among non-
profit organisations [22]. Apart from the commercial sector, risk is usually not managed in
any integrated way in Poland, as can be seen when reviewing the results of the empirical
research carried out in Polish public hospitals. Its findings show that many managers of public
health care believe that there is no practical need for such an approach (28% of the
respondents), but they also say that it is difficult to clearly define the impact of risk on their
hospitals (16% of the respondents) [41, 42]. Traditional methods for managing risks in public
hospitals are perceived by many of the surveyed managers as fairly sufficient (8% of the
respondents) [41, 42]. The research also proves that Polish public hospitals do not manage
their risks in any organised way, using all the methodology available in this respect for
managers of the public health care sector to address the risk they encounter in such public
organisations [41, 42]. Such a conclusion may be drawn both for risk identification methods
and risk analysis and assessment ones. Their knowledge and use of risk identification methods
looks similar, and the most popular method they tend to opt for is brainstorming. Public
managers often use this method in a quite arbitrary manner, without being aware of its pros
and cons, which are described in the scholarly literature, and without considering any other
methods that could be accessible [43, 44]. Based on the observations, such a conclusion may
equally apply to the public sector in Poland at large.
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Spatial Structure of Headquarters of Largest
Enterprises in the Czech Republic!

Jaroslav Urminsky 2, Stépanka Vyskoéilova 3

Abstract

This paper analyzes spatial distribution of headquarters of largest enterprises in the Czech
Republic. We focus on NUTS Il regions. Using data of 635 headquarters obtained from
database Albertina, we study selected aspects, such as geographic or economic power
concentration. The Theil index is applied as a measure of concentration. The results show the
spatial concentration of the company's headquarters in the capital city of Prague and its
surroundings. Similarly, the economic power measured by turnover is concentrated in this
region. The Lorenz curve shows the substantial differences among large enterprises in terms of
turnover size in 2015. The top 100 largest enterprises (i.e. 15.74%) generate nearly 65% of total
turnover. These companies are 70% owned by foreign owners. Thus, external decision-making
affects a substantial part of the largest enterprises in the Czech Republic.

Key words
Largest Enterprises, Headquarters, Theil index, NUTS Ill Regions, Czech Republic

JEL Classification: R10, R11, D22, L29

1. Uvod

Z4dny podnik neni uzavieny systém. Naopak je provazan se svym okolim &etnymi vztahy,
které se mohou prohlubovat s velikosti podniku. Okolni prostfedi ovliviiuje podnik jak na
stran¢ inputu, tak outputu. Zakladni inputy, jako préace, kapital, technologie, informace ¢i
nekodifikované znalosti jsou prostorové diferenciovany. Stejné tak se prostorové odliSuje
kvalita podnikatelského prostiedi, pristup k trhim ¢i odbératelim. Zasadni tlohu sehravaji
rovnéz aglomeracni efekty souvisejici s geografickou koncentraci obyvatelstva, podnikd ¢i
finan¢nich instituci. Okolni prostiedi tak podstatné ovliviiuje GspéSnost podniku, respektive
jeho finan¢ni kondici na strané jedné a na strané druhé, obzvlasté velké podniky, zdsadné
ovliviiuji socioekonomickou podobu a tspésnost lokalit, regiont i1 celych statti. V kone¢ném
dasledku l1ze kazdy podnik pfifadit ke konkrétni prostorové jednotce, kterd mize byt svymi
vlastnostmi, stejné jako jednotlivé podniky, podstatné odlisna od jinych. Do popiedi se tak
dostavaji jednak prostorové aspekty kvantitativniho i kvalitativniho charakteru, ale taktéz
prostorova distribuce velkych podniki v tzemi (Aksoy a Marshall, 1992, Dunning a Lundan,
2008, Dvoracek a Sluncik, 2012, Suchacek, 2013a, Suchacek, 2011).

! Prispévek byl zpracovan v ramci grantu SP2017/76 ,,Vybrané hmotné a nehmotné aspekty
vyvoje regiont II“ na Ekonomické fakulté¢ VSB-TU v Ostravé.

2 Ing. Jaroslav Urminsky, VSB-Technical University of Ostrava, Faculty of Economics, Department
of Regional and Environmental Economics, jaroslav.urminsky@vsb.cz.

2 Ing. Stépanka Vyskodilova, VSB-Technical University of Ostrava, Faculty of Economics,
Department of Mathematical Methods in Economics, stepanka.vyskocilova@vsb.cz.

874



11" International Scientific Conference on Financial Management of Firms and Financial Institutions Ostrava
VSB-TU of Ostrava, Faculty of Economics, Department of Finance 6™ — 71" September 2017

Damborsky a Hornychova (2014) ve své studii dochéazeji k zavéru, ze velké podniky tvori
kli¢ovou &ast ekonomiky jak Ceské republiky, tak i Evropské unie. Zaroveii jim pfipisuji
vyznamny multiplika¢ni efekt. Zduraziuji schopnost velkych podnikG prosadit se na
globalnim trhu, z ¢ehoz mohou nasledné t€zit malé a stfedni podniky v hostitelském tuzemi a
to skrze zapojeni do exportnich aktivit. Zasadni ulohu sehravaji velké podniky taktéz na trhu
prace prostfednictvim tvorby pfimych i neptimych pracovnich mist.

Pfitomnost velkych podnikd v zemi a piedevs§im jejich ekonomickou silu tak lze
povazovat za jeden z primarnich zdroji regionalni diferenciace. Je zfejmé, Ze tyto subjekty
ovliviiuji nejen konkurenceschopnost jednotlivych regionti, ale z SirS§tho pohledu taktéz
soudrznost celého uzemi. Pfipadna koncentrace velkych podnikit Vv konkrétnim uzemi
zduraziuje jeho socio-ekonomickou dulezitost a zaroven aktivné ovliviiuje jeho budouci
vyvoj (viz Lyons, 1994, Vanhove a Klassen, 1987, Suchacek, Sed’a a Friedrich, 2015).

Velké podniky disponuji obvykle celou fadou organiza¢nich jednotek. Pozornost byva
zpravidla zaméfena na podnikova ustfedi, nachazejici se na samotném vrcholu
vnitropodnikové hierarchie. Je to praveé ustfedi podniku, kde sidli vrcholny management
rozhodujici o podnikové strategii, alokaci zisku, investi¢nich aktivitach a rovnéz o ruseni ¢i
vzniku dal$ich organiza¢nich jednotek mnohdy prostorové znaéné vzdalenych. Pravé otazka
miry autonomie v rozhodovani uvniti vnitropodnikové organizacni struktury sehrava dle
Massey (1995) podstatnéjsi tlohu, nezli sektorova piislusnost. Fothergil a Guy (1990) v tomto
kontextu prokazali, Ze postaveni jednotlivych zavodi uvnitf vnitropodnikové hierarchie ¢asto
sehrava pri uzavirani zavodl podstatnéjsi roli, nezli jejich samotna efektivita. Tato skute¢nost
doklada vyznam ustiedi v rdmci vnitropodnikové hierarchie, ale taktéz podtrhuje vyznam pro
jednotliva teritoria, ve kterych jsou lokalizovana (viz Van Dijk a Pellenbarg, 1999, Suchacek,
2015a,b,c, Blazek, 2002).

Vyznam podnikovych ustfedi pro lokality a regiony zduraznuji rovnéz Strauss-Kahn a
Vives (2009). Ustiedi ptisobi jako gravitatni sila pro obchodni sluzby, vysoce kvalifikovanou
pracovni silu, stejné jako pro ostatni podnikové centraly. Vyznamny efekt ptipisuji vytvareni
pozitivni image lokality ¢i regionu. Ta pfispiva k ochran¢ proti delokalizacnim tendencim
jednotlivych subjektd a zaroven posiluje investi¢ni atraktivnost tzemi. Zvlasté v pripadé
turbulentniho prosttedi, vyznacujiciho se zna¢nou davkou nejistoty a tim snizené moznosti
plné racionalnich kvantitativnich propocta pii planovani investic, nabyva otazka atraktivnosti
uzemni image na vyznamu.

Davis a Henderson (2008) uvad¢ji dva hlavni divody vedouci k oddélené lokalizaci ustiedi
od vyrobnich zavoda. Prvni divod reflektuje potiebu ustiedi zajistit Sirokou Skalu sluzeb.
Druhym divodem je, ze si ustfedi vytvaieji do jisté miry pfirozené shluky umoznujici
zamérnou 1 nezamérnou vymeénu informaci. Uvedené aspekty ptispivaji ke geografické
koncentraci podnikovych ustfedi do metropolitnich areéli ¢i regiond.

Geograficka koncentrace ustiedi velkych podnikli pfedstavuje z vySe nastinénych divodi
sttedobod z4jmu piedkladaného piispévku.

2. Materialy a metody

Predkladany ptispévek vychézi z dat ziskanych z databdze ALBERTINA CZ/Silver
Edition. Pozornost vénujeme velkym podnikim nefinanéniho typu se sidlem v Ceské
republice. Pro zatazeni podniku do datového vzorku musel dany podnik splnit néasledujici
kritéria:

1) pocet zaméstnancu nad 500,

2) velikost obratu nad 100 mil. K¢,

3) byl znam ptesny obrat v poslednim mozném dostupném roce, tj. rok 2015,
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4) v ramci institucionalniho sektoru spadat do kategorie nefinan¢nich podnika.

Cilem ptispévku je analyza a zhodnoceni prostorové distribuce velkych podniki v Ceské
republice. Dlraz klademe na prostorové nerovnomeérnosti na trovni regioni NUTS IlI.

Jednotlivé podniky byly rozélenény dle regiontt NUTS III neboli krajii Ceské republiky a to
na zéklad¢ oficidlni registrované adresy (viz Tab. 1). Hlavni mésto Praha a Stfedocesky kraj
zde byly slouc¢eny do jednoho uzemniho celku. Na jedné strané takto vymezené uzemi lépe
odpovida prirozenym geografickym charakteristikdm danych regioni a na strané druhé je
timto zptisobem ucinéna specifickd pozice hl. mésta Prahy porovnatelnéjsi v rdmci struktury
region NUTS III v Ceské republice (viz Suchalek, Sed’a, Friedrich a Koutsky, 2017).
Sledovéna byla rovnéz vlastnicka struktura. Je nutno zdiraznit, ze v pfipadé¢ podnika
vlastnénych zahrani¢nim vlastnikem se nemusi z globalniho hlediska jednat o samotné
Gstiedi, ale spise o pobocku ustiedi sidliciho mimo CR. Avsak v ramci CR se jedna o nejvyse
postavenou jednotku v ramci vnitropodnikové hierarchie.

Tabulka 1: Prostorova distribuce ustredi podnikil, velikosti jejich obratu a stFedniho stavu obyvatelstva (2015)

. 1 Ustiedi Vlastnictvi
Region Stredni stav y Obrat ~
obyv. Pocet (mil. K&) CR Zahranici
Stredni Cechy 2 583 228 242 | 1623 342 91 151
JihoCesky 637 292 32 128 633 12 20
Plzensky 575 665 41 158 860 6 35
Karlovarsky 298 506 6 19 824 4 2
Ustecky 823 381 36 273 338 12 24
Liberecky 439 152 24 130 271 3 21
Kralovehradecky 551 270 19 130 830 7 12
Pardubicky 516 247 21 226 486 8 13
Vysocina 509 507 31 110711 9 22
Jihomoravsky 1173 563 57 196 180 17 40
Olomoucky 635 094 23 47 683 13 10
Zlinsky 584 828 27 161 187 12 15
Moravskoslezsky 1215 209 76 516 682 32 44
Souhmne 10 542 942 635| 3724027 226 409
charakteristiky

Zdroj: CSU, Albertina, viastni zpracovdni

Me¢éfeni prostorovych nerovnomérnosti lze provést na zékladé vicero ukazateld.

K vyuzitelnym nastrojim je mozno pfifadit miry vychazejici z prostorové koncentrace. Bézné
jsou vyuZivany, napft. variacni koeficient, Giniho koeficient, Lokaliza¢ni kvocient, Lorenzova
ktivka, koeficient koncentrace ¢i Theiltv koeficient. Uvedené nastroje byvaji riznou formou
upravovany ¢i vazeny. Pro vyjaddieni nerovnomeérnosti vyuzivame v piedkladaném clanku jak
nevazeny, tak vazeny Theiliv koeficient (T, Ty). Theiliv koeficient nélezi do tiidy
generalizované entropie. Nabyva hodnot O<T <Ink. Maximalnich hodnot dosahuje
Vv ptipadé, kdy je sledovany ukazatel koncentrovan pouze v jedné prostorové jednotce. Theiltiv
index lze vypocitat dle vzorce:

K

T :lzﬁln Ii resp.
kiZy 'y
Tv = i l L In L ’
Ny |y
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kde k pfedstavuje v nasem piipadé pocet regiont, yi znaci hodnoty jednotlivych pozorovani a
ni jejich vahy v ptipadé vazené varianty, y vyjadiuje pramér sledované¢ho ukazatele, kdy pii
vypoctech vazenych forem jde o primér vazeny. Jako pfislusnd véha byl pouzit stfedni stav
obyvatelstva. Obyvatelstvo lze povazovat za primarniho hybatele ekonomickych aktivit. Pocet
obyvatel tak ptiblizn¢ vyjadiuje velikost a socio-ekonomicky potencial jednotlivych regiond
(Theil, 1965, Briilhart a Traeger, 2005, Novotny, Nosek a Jelinek, 2014, Suchacek 2013b).

3. Vysledky a diskuse

Stanovend kritéria urcujici velky podnik splnilo celkem 635 subjektt, které v roce 2015
generovaly obrat ve vysi 3,7 bil. K¢ (viz. Tab. 1). Velikost obratu Ize vnimat jako jeden z
ukazateli demonstrujicich vykonnost, resp. ekonomikou silu podniku. Pro syntetické
zobrazeni vztahu mezi podniky a jejich obratem byla vyuzita Lorenzova kiivka (Graf 1).
Lorenzova kiivka v naSem pfipadé zachycuje rozlozeni ekonomické sily napfi¢ velkymi
podniky v CR.

Graf'1: Lorenzova krivka rozdéleni podilu podnikii na celkovém obratu v roce 2015

25,19
.

| Kumulativni podil podnikii (%) |
L
o

20 |
15 - .

10 | 7;87 15,74
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0 . M —
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| Kumulativni podil obratu (%) |
Zdroj: ALBERTINA, viastni zpracovdni

Lorenzova kitivka reflektuje situaci, kdy pouze 8 podnikii generovalo 25% celkového
obratu na izemi CR v roce 2015. Dané podniky lze povazovat za jadrové subjekty Eeského
hospodafstvi. Prevladaly zde podniky provazané s automobilovym primyslem, jako jsou
napiiklad Skoda Auto, Hyundai Motor Manufacturing ¢ Continental Automotive. Na
poloviné celkového obratu se podilelo pouze 50 podniki, tj. 7,9 %. 100 nejvétsich podnik
vytvotilo 65% z celkového obratu. Piiblizné 25% nejvétSich podniki, tj. 160, generovalo 3/4
celkového obratu.

Z vysledného tvaru Lorenzovy kiivky a vySe uvedenych skute¢nosti vyplyva, ze jsou zde
evidentni rozdily v ekonomické vykonnosti napii¢ velkymi podniky. Rozlozeni ekonomické
sily mezi velkymi podniky tedy Ize na izemi CR povazovat za vyrazné diferenciované.

Z hlediska vlastnické struktury dominuji zahraniéni vlastnici. Z celkového poctu 635
velkych podniki mélo 64% podnikl zahrani¢niho vlastnika a vlastnika doméciho 36%. 100
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nejveétSich podnikd generujicich témer 2/3 celkového obratu, nélezi ze 70% zahranicnim
vlastnikiim. Je ziejmé, e vyrazna ¢ast ekonomické sily v CR podléhd ve vétsi ¢i mensi miie
externimu rozhodovani a kontrole.

Vzhledem k evidentni diferenciaci mezi samotnymi velkymi podniky se do popiedi dostava
otdzka jejich prostorové distribuce, resp. koncentrace na uzemi Ceské republiky.

3.1 Prostorova distribuce velkych podniki v Ceské republice

Suchéacek a Baranek (2011) na zéklad¢€ svého vyzkumu konstatuji, ze prostorova struktura
nejveétSich podnikt vstoupila do faze urcité stabilizace. To je navic podpofeno relativnim
uspokojenim vrcholného managementu s lokalizaci Gstfedi. Pri¢teme-li k tomu skute¢nost, ze
piipadné zmény prostorového rozmisténi omezuji zna¢né naklady, tedy ze proces lokalizace je
v zasadé nevratny, tak je zddouci vénovat se prostorovym aspektim a otdzce ptipadné
koncentrace ustfedi nejvétsich podniki v Ceské republice.

Vysledné miry koncentrace vyjadiené prostiednictvim Theilova indexu zachycuje Tab. 2.
Sledovana byla jak prostorova distribuce poctu ustfedi podnikl a jejich vlastnicka struktura,
tak velikost obratu. V nevazené i vazené varianté lze celkovou troven koncentrace povazovat
za relativné zfetelnou. Hodnoty vazené varianty se nikterak vyrazné neodlisuji od varianty
nevdzené. Na zdklad¢ vyslednych hodnot 1ze konstatovat, Ze se generovany obrat vyznacuje
vEétsi prostorovou koncentraci, nezli fyzicky pocet tstiedi velkych podnikl. Vyssi koncentraci
l1ze rovnéz spatfit u podniki v domacim vlastnictvi, oproti podnikiim v zahrani¢nich rukou.
Dané skutecnosti lze blize specifikovat na zakladé Tab. 1.

Table 2: Miry koncentrace vybranych charakteristik velkych podnikii v Ceské republice (2015)

Usttedi velkych podnikii
Theil index Poget VVlastnickai struktura Obrat
CR Zahrani¢i (mil. K<)
Nevazeny 0,449 0,516 0,445 0,602
Vazeny 0,437 0,477 0,426 0,543

Zdroj: Vlastni zpracovani

Nejvetsi pocet ustfedi 38% registrujeme V agregovaném uzemi hl. mésta Prahy a
Stfedoceského kraje. Na uzemi Moravskoslezského a Jihomoravského kraje je lokalizovano
12%, resp. 9% usttedi velkych podnikii. Dané regiony pfedstavuji nejlidnatéjsi izemi s tfremi
nejvétsimi méstskymi aglomeracemi v CR. Pravé v méstskych aglomeracich byvaji ustiedi
nejvice koncentrovany. Za motivy vedouci k lokalizaci do téchto oblasti lze oznadit
kuptikladu aglomeracni efekty, infrastrukturu ¢i mnozstvi a kvalitu pracovni sily (viz
Suchacek, Sed’a a Friedrich, 2015). V tomto kontextu neni nikterak piekvapiva pozice
Plzetiského kraje se Gtvrtym nejvétsim méstem v CR. Zde evidujeme &tvrty nejvétsi podil
velkych podnikli 6,5%. Souhrnné€ v uvedenych regionech sidli témét 2/3 z celkového poctu
635 velkych podnikii. Naopak nejmensi podil evidujeme v Karlovarském kraji a to necelé 1%
a Vv kraji Kralovehradeckém a Pardubickém, v obou ptiblizné 3%.

Pohled na prostorovou distribuci obratu ukazuje na vétsi koncentraci a odlisnou situaci od
vyse uvedené distribuce fyzického poctu ustfedi. Evidentni je zde jesté vyraznéjsi dominance
tizemi Stiednich Cech. Zdejsi podniky generovaly 44% z celkového obratu 3,7 bil. K¢&.
Podniky z Moravskoslezského kraje se podilely na celkovém obratu 14%. V poradi na 3 a 4
misté 1ze pozorovat podniky z Usteckého a Pardubického kraje, podilejici se na celkovém
obratu z 7%, resp. 6%. V uvedenych regionech podniky souhrnné¢ generovaly 71%
Z celkového obratu. Nejmensiho podilu na celkovém obratu dosahuji velké podniky
v Karlovarském a Olomouckém kraji a to 0,5%, resp. 1,3%.

878




11" International Scientific Conference on Financial Management of Firms and Financial Institutions Ostrava
VSB-TU of Ostrava, Faculty of Economics, Department of Finance 6™ — 71" September 2017

Celkové rozlozeni vlastnické struktury napfi¢ regiony ukazuje na pfevahu a misty az
dominanci zahrani¢nich vlastniki nad domacimi. Pouze v pfipadé¢ Karlovarského a
Olomouckého kraje prevazuji doméaci vlastnici. AvSak z pohledu distribuce fyzického poctu
velkych podnikil a jejich podilu na celkovém obratu zaujimaji dana izemi spiSe minoritni
postaveni. Olomoucky kraj spolecné s Moravskoslezskym a Zlinskym krajem 1ze z pohledu
vlastnické struktury povazovat za nejvyrovnanéjsi. Externimu vlastnictvi podléha v piipadé
Olomouckého kraje 43%, v ptipadé kraje Zlinského 56% a v Moravskoslezském kraji 58%
velkych podnikd. Ekonomickou strukturu, v kontextu velkych podniki, v zasadni mife
ovladaji zahrani¢ni vlastnici v Libereckém a Plzenském kraji. Externimu vlastnikovi zde
nalezi 87%, resp. 85% velkych podnikd.

Pti zkoumani prostorovych rozdilnosti je vzdy zapotiebi zohlednit velikostni strukturu
obyvatelstva na zvolené prostorové urovni. Vybrané aspekty zkoumané problematiky jsou
proto nize roz§ifeny o tento rozmér. S ohledem na pocet obyvatel reflektuje Graf 2 vztah mezi
prostorovou distribuci ustiedi velkych podnikd a jejich ekonomickou vykonnosti. V zasadé
lze tici, ze v Gzemich lezicich nad zobrazenou kiivkou dosahuji velké podniky vétsiho podilu
na celkovém obratu, oproti jejich podilu na celkovém poctu podnikii. V této souvislosti
vystupuje do popiedi 6 region a to predevS§im Moravskoslezsky kraj a kraj Pardubicky.
Z grafu rovnéz jednoznaéné vyplyva specifickd pozice agregovaného izemi hl. mésta Prahy a
Stiedoceského kraje.

Graf 2: Pocet podnikii a jejich ekonomicka vykonnost prepoctend na 100 000 obyv.
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Stredni Cechy disponuji nejvétsim mnozstvim ustiedi velkych podniki vzhledem
k velikosti obyvatelstva zde Zijiciho. Zasadni pozici zde zaujima hl. mésto Praha. Dané uzemi
lze oznacit z hlediska atraktivity pro lokalizaci Ustfedi podnikii za nejpiitazlivéjsi. Tato
skute¢nost je v souladu s vyzkumem vychazejicim z dotaznikového Setfeni autortt Suchacka a
Baranka (2011), kdy vrcholny management vybranych velkych podnika sidlicich v CR oznagil
hl. mésto Prahu za nejatraktivnéjsi lokalitu z pohledu lokalizace tstiedi. Za nejvétsi handicap
ostatnich tizemi byla povazovana predevSim absence dostatecné infrastruktury a nizkd kupni
sila obyvatelstva.
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Velké podniky se sidlem ve Stfednich Cechach rovnéz dominuji z pohledu ekonomické
sily. Zdejsi podniky generovaly v roce 2015 vice nez 60 mld. K¢ obratu na 100 000 obyv.
Nikoli zanedbatelnym faktem je v této souvislosti konstatovani Suchacka (2015b), a to ze
suzemim, vnémz je lokalizovdno ustfedi podniku, citi vrcholny management vétsi
soundlezitost, nezli s uzemim kde jsou lokalizovany pobocky. Dané skutecnost se jevi jako
podstatna piedevsim z pohledu koncentrace rozhodovacich pravomoci v podob¢ ptitomnosti
vrcholného managementu a jejich evidentné silnému finan¢nimu zazemi v daném Uzemi.
Pravomoc rozhodovat o budoucich investicich, toku kapitdlu za do tzemi ¢i kupiikladu
moznost rozhodovat o alokaci zdroji podporujicich neziskové aktivity lze z hlediska
uzemniho rozvoje povazovat za zdsadni. Je ziejmé, Ze tato koncentrace ekonomické moci
muze prispet k aktivizaci endogenniho potencialu a k dynamickému rozvoji uzemi Prahy a
jejiho SirSiho zédzemi. Zvlasté v piipadé, kdy zde evidujeme podprimérny podil zahrani¢nich
vlastnikd, tj. 62%. Na druhé stran€, za negativni efekt 1ze povazovat pfipadné prohlubovani
regionalni diferenciace.

Z pohledu poctu velkych podnikt a jejich ekonomické vykonnosti se do popiedi dostava
rovnéz kraj Moravskoslezsky. Dana skute¢nost neni nikterak piekvapiva, jelikoz velké
podniky zde vzdy sehravaly zasadni ulohu. AvSak historicky dominantni pozice tézkého
pramyslu je zejména v novém miléniu postupné nahrazovdna primyslem automobilovym.
Mezi 10 nejvétsimi podniky z hlediska generovaného obratu maji stale silné postaveni
podniky s dlouholetou tradici v tomto regionu, jako jsou Tiinecké Zelezarny, ArcelorMittal,
OKD ¢i Vitkovice. Avsak jesté silngj$i postaveni zde =zaujimaji podniky spjaté
s automobilovym pramyslem, jako jsou Hyundai Motor Manufacturing Czech, Mobis
Automotive Czech, Sungwoo Hitech, Brose CZ ¢i Varroc Lighting Systems. Vzdjemna
provazanost uvedenych podnikl a jejich ekonomicka sila, vyrazné¢ promlouva nejen do
promény ekonomické struktury Moravskoslezského kraje. Do poptedi vystupuje otazka
mozného opétovného funkéniho, kognitivniho a politického uzamceni, tzv. ,lock-in%, se
kterym se v pfipadé tézkého primyslu dany kraj potykal a ¢astecné potyka dodnes. Nova
forma specializace regionu se na pocatku muze projevovat jako pozitivum, avSak v piipadé
prilisné rigidity naopak vystupuje jako jedna z nejpodstatnéjSich bariér izemniho rozvoje (viz
k této problematice Grabher, 1993).

Nejvyraznéjsi nadproporcialni podil na celkovém obratu viuci celkovému podilu na poctu
velkych podnikil Ize nalézt vyjma Stfednich Cech v Pardubickém kraji. Nejvétsi mérou
k tomu pfispiva elektronicky primysl. Pfedevsim firma Foxconn CZ, ktera se zamétuje na
vyrobu pocitali a ostatnich zafizeni pro zpracovéani informaci zde piedstavuje stézejni
hospodatsky subjekt.

Vcelku zajimavé se jevi postaveni velkych podnikt v ekonomice Plzeniského a
Jihomoravského kraje. V Plzenském kraji, i pfes vyrazné zastoupeni velkych podnikli v mistni
ekonomice, nedosahuji zdejs$i podniky proporcionalné odpovidajici vykonnosti. V piipadé
ekonomiky Jihomoravského kraje je patrné, ze vzhledem k velikosti obyvatelstva, zde
nesehravaji velké podniky vyraznéjsi roli a to jak z hlediska poctu, tak hospodarske sily.

Celkové¢ 1ze konstatovat, ze se podstatné odliSuje rovnéz postaveni a role velkych podniki
v jednotlivych ekonomikach regionti nap#i¢ izemim Ceské republiky.

4. Zavér

Velké podniky piedstavuji stézejni aktéry ekonomik statd, regionu i lokalit. Reprezentu;ji
jak stabilizacni, tak rozvojovy prvek ekonomik. Piisobi na utvaieni hmotnych i nehmotnych
charakteristik jednotlivych tzemi. Na druhé strané¢ tizemni charakteristiky ovliviuji jejich
finanéni vykonost. Ustiedi velkych podniki tenduji k prostorové koncentraci. Prostorova
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distribuce Ustfedi napfi¢ Gzemim a jejich ekonomickd sila pfedstavuje podstatny aspekt
ovliviiyjici Gispé$nost regiontl a regionalni diferenciace.

Na zaklad¢ Lorenzovy kiivky byla prokazéana existence vyraznych rozdili v ekonomické
vykonnosti, vyjadfené velikosti obratu, mezi samotnymi velkymi podniky.

Ve viech krajich CR je lokalizovéano tstiedi velkych podnikd. Avsak lze pozorovat veelku
vyraznou prostorovou koncentraci do nejlidnatéjSich regionii. Koncentrace je jesté vyrazngjsi
Z hlediska prostorové distribuce ekonomické sily. V obou piipadech zaujima dominantni
pozici agregované tizemi hl. mésta Prahy a Stiedogeského kraje. Uzemi Sttednich Cech tak
1ze oznacit za jadrovou oblast, koncentrujici stézejni subjekty ¢eského hospodaistvi.

Podstatnou roli sehravaji velké podniky rovnéz v Moravskoslezském kraji. Z hlediska
obratu zde do popfedi vystupuje piedevSim automobilovy primysl, oproti historicky siln¢
ukotvenym podnikiim tézkého primyslu. Vyrazné nadproporciondlni podil na celkovém
obratu vic¢i celkovému podilu na poctu velkych podnikii evidujeme v Pardubickém kraji.
Podstatnou mérou k tomuto stavu pfispiva elektronicky primysl. Naopak v ekonomice
Jihomoravského kraje nesehravaji velké podniky vyrazngjsi roli.

Podstatna vétsina velkych podnikii mé zahrani¢niho vlastnika a podléha ve vétsi ¢i mensi
mife externimu rozhodovani a kontrole.
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The Importance of Brand Portfolio Optimization

Viera Valachova, Pavol Kral'!

Abstract

Brand portfolio integrates all brands of the company regardless of their success or lifecycle.
Even the largest companies have limited funds, personnel and material resources, time and so
on. For each company, it is therefore necessary to provide comprehensive planning and
management of the brand by using advanced management methods and approaches. Once a
company decides to invest its funds in a specific brand portfolio, its objective is to ensure
effective optimization of the selected portfolio. To achieve this goal, there are many modern
optimization tools and methods that can effectively address the issue of optimal portfolios, the
efficient allocation of financial resources, financial risk management, and many other tasks.
The aim of this paper is therefore a critical view of the brand portfolio optimization process.
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1. Uvod

Vytvorenie jednej znacky, urlenie jej spravneho umiestnenia na trhu av mysliach
zakaznikov, navrh a optimalizacia dizajnu znacky, ¢i riadenie vyznamu znacky v priebehu
Casu pocas vykonavania podnikatel'skych aktivit prinasajucich zisk, to vSetko predstavuje
naro¢nu vyzvu pre kazdy podnik.

ZlozitejSia situdcia nastadva pri manaZzmente portfolia znaciek alebo skupiny réznych
znaciek, kedy problémom nie je vybudovanie jednej znacky, ale vybudovanie kolekcie
znacdiek, z ktorych kazdd ma svoje silné stranky, ale aj obmedzenia. Rozhodnutia manaZérov,
ktoré st optimalne pre jednu znacku, nemusia byt optimélne pre d’alsie znacky. Z uvedeného
vyplyva, Ze vytvorenie stratégie portfolia znaciek a vybudovanie tspesného portfolia znaciek
je 0 kompromisoch a naro¢nych rozhodujucich vol'bach (Shahriar, 2014).

V dneSnom néaro¢nom podnikatel'skom prostredi sa stratégia portfolia znaciek dostava do
popredia a pozornosti podnikov po celom svete, pretoze vrcholovi manazéri podnikov Si
uvedomuju, ze budovanie silnych znaciek nezarucuje dlhodoby financny uspech sam osebe,
ale prostrednictvom uspesného manazmentu silného portfélia znaciek (Majerova & Gogolova,
2013). Kazdy podnik celi otazkam tykajucich sa portfolia znaciek, pretoze aj v situacii, kedy
podnik ma a riadi len jednu znacku, mdze vytvorit’ alebo ziskat’ novll znacku, ¢i rozsirit’ svoju
sicasnu znacku a vsetky tieto Kroky maji vplyv na celé portfolio znaciek, na jeho skladbu,
ako aj optimalizaciu.
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2. Teoretické vychodiska

Problematika portfolia znaciek je v sucasnosti vel'mi atraktivna pre kazdy podnik pdsobiaci
na trhu, ktory si chce svoju poziciu udrzat’ a byt uspesni vV konkurenénom boji. V dnesnej
dobe je relativne jednoduché riadit’ len jednu znacku a tej venovat’ vSetku pozornost’ a vkladat’
do nej vsetky disponibilné prostriedky (Majerova & Kliestik, 2015). Takato situacia moze byt
typicka pre maly podnik, ktory nema dostatok zdrojov na vybudovanie viacerych znaciek a ich
nasledné zoskupenie do efektivneho portfolia, ako aj pre velky podnik, ktorého stratégia
portfolia znaciek je orientovand prave na takéto jednoduché portfdlia pozostavajuce len
z jednej znacky (Upadhyaya, 2012). Hlavny ciel tejto stratégie je potom vel'mi jednoduchy,
a to riadit’ a podporovat’ kratkodoby predaj znacky pri jej si¢asnom dlhodobom budovani. Ak
podnik optimalizuje vysledky jeho jedinej znacky, optimalizuje tak vysledky celého podniku.
Prave z toho vyplyva nami spomenuta jednoduchost’ danej stratégie. Je vSak samozrejmé, ze
aj tato na pohlad jednoducha stratégia ma svoje tskalia vyplyvajice najmi zo skuto¢nosti, ze
tak ako podnik moéze prostrednictvom optimalizacie jedinej znacky v portfoliu optimalizovat’
vysledky celého podniku, tak ich méze negativne ovplyvnit’ aj nedostato¢nou a neefektivnou
optimalizaciou vysledkov znacky. Skladbu jednoduchého portfolia médzeme vidiet na
obrazku 1.

Obrazok 1: Jednoduche portfolio znaciek

~

PORTFOLIO

JEDNA ZNACKA

v

JEDEN PRODUKT

v )
JEDNA KATEGORIA

Zdroj: Vlastné spracovanie

Ind situacia nastava v pripade velkych (nadnarodnych) podnikov, v ktorych portfoliu
najdeme velké mnozstvo znaciek zoskupenych do réznych vhodnych portfolii podla ich
Charakteristik. Komplexnost' niektorych portfélii je az zarazajiaca, napriklad Nestlé ma az
8 000 roznych znaciek. Typické portfolio velkého mnozstva znacdiek vidime na obrazku 2, na
ktorom je zobrazené portfolio podniku, ktoré obsahuje Styri rozne znacky. Tri znacky maju
podznacky ajedna ma podpodznacku. Portfélio obsahuje znacky viacerych Kkategorii
produktov a tiez viaceré znacky pre jednu rovnaku kategériu produktov.
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Obrazok 2: Portfolio velkého mnozZstva znaciek

PODNI K PORTFOLIO

Znacka 1 Znacka 2 Znacka 3 Znacka 4

Podznacka Podznacka Podznacka Podznac¢ka
/’}znacka /\

Produkty Produkty Produkty Produkty Produkty Produkty Produkty Produkty Produkty ProduktyProdukty

Kategéria 1 Kategorla 2 Kategorla 3 Kategorla 4 Kategorla 5

Zdroj: Vlastné spracovanie

Predmetnou problematikou sa zaoberalo astile zaobera mnoho autorov. Vyznamnym
autorom je Aaaker (2009), podla ktorého portfolio znacdiek zahifia vSetky znacky riadené
podnikom.

Varadarajan, DeFanti & Busch (2006) vo svojej publikacii poukazuji na doleziti oblast’
v manazmente portfolia znaciek, ktora zatial nie je dokladne prebadana a mal by sa jej
venovat’ zvySeny zaujem. Navrhli koncepény model vymedzujici motivy k vyradeniu znaciek
Z portfolia a navrhli smerovanie pre buduici vyskum. Zdoraznili dolezitost’ vyradenia znacky
z portfolia z hl'adiska potreby vyclenenia zdrojov na zvySenie konkurencieschopnosti a
finan¢nej vykonnosti ostatnych znaiek vo svojom portfoliu s najvacsim potencidlom
pozitivne ovplyvnit’ svoj obraz a reputdciu. V tomto kontexte sa autori zameriavaju na
organiza¢né a environmentalne faktory ovplyviiujuce sklony k vyrad’ovaniu znaciek.

Shah (2015, 2017) vo svojich publikaciach predstavuje zoznam faktorov uspes$nosti a
vysledkov vyradenia znacky z portfolia, ktoré moézu manazéri znaciek prisposobit
Specifickému kontextu odstranenia znacky a ktoré akademicki vedci mézu pouzit’ na d’alSie
skimanie systémovych aspektov vyradenia znacky. Faktormi prispievajucimi k tispesnému
efektu vyradenia znacky z portfolia su proaktivny pristup K vyradeniu znacky s tucast'ou
vrcholovych manaZérov a ostatnych timov podniku s réznymi funkciami, v€asné vykonavanie
rozhodnuti vzhl'adom na strategicka lohu a vyznam znacky, ktora je predmetom vyradenia
z portfolia, a poslednym faktorom je riadenie zadujmov vSetkych kI'i¢ovych zainteresovanych
stran ovplyvnenych vyradenim znacky.

Autori Morgan & Rego (2009), Yu & Yang (2010), Wang & Chung (2015) venuju
pozornost' vplyvu portfélia znaciek na vykonnost' podniku. Morgan & Rego (2009)
analyzovali vztah medzi piatimi Specifickymi vlastnostami portfolia znaciek, ktorymi su
pocet vlastnenych znaciek, pocet segmentov, v ktorych su uvedené na trh, stupen v akom
znaCky navzajom stperia, vnimanie kvality z pohl'adu spotrebitel'ov a cena znaciek v portfoliu
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a marketingovou a finan¢nou vykonnostou podniku. Autori zistili, ze kazda z tychto piatich
vlastnosti ma vyznamny vplyv na aspekty marketingovej a finan¢nej vykonnosti podniku.
Wang & Chung (2015) vo svojej stadii stanovuji rozmery a podkategérie pre porozumenie
stratégii portfolia znaliek v hotelovom priemysle a ukazuji novy pristup k analyze
konkuren¢ného umiestnenia a jeho vztahu k vykonnosti., podl'a ktorého je kI"aicovou zlozkou
uspechu hotelového podniku uspesna vystavba a riadenie silného portfélia znaciek. Autori
navrhli $tyri rozmery stratégie portfolia hotelovych znaciek (HBPS): rozsah portfolia znacky,
konkurencia v rdmci portfélia, umiestnenie portfolia znacky a prvok portfolia znacky. V stadii
hodnotili postupy HBPS v hotelovych podnikoch a testovali vykonnostné rozdiely, pri¢om ich
vysledky naznacili, ze prevadzkové vykony sa liSia v zavislosti od konkrétneho zamerania
podniku v ramci stratégie portfolia hotelovych znaciek.

Z reserse literatury a publikacii z oblasti portfolia znaciek vyplyva zaver, ze komplexnost’ a
rozmanitost’ stratégie portfolia znaciek prilakala svetovu pozornost. Stratégia portfolia
znaciek sa tyka rozhodovania o rozsahu, umiestneni a vnutornej Struktire portfolia znacky s
cielom dosiahnut’ synergicky ucinok znacky v portféliu a zefektivnit' portfélio znacky.
Jadrom stratégie portfolia znaciek je sposob ako rozdelit obmedzené zdroje medzi znacky,
aby sa maximalizovali zisky portfolia znaCiek, o podniky dosahuji jeho spravne
nacasovanou a efektivnou optimalizaciou (Beheshti, Mahdiraji & Zavadskas, 2016).

Riadit také vel'ké portfolio ako ma napr. vysSie spomenuty podnik Nestlé nie je mozné bez
jeho efektivnej optimalizacie. Jej nevyhnutnost’ vyplyva najmé zo skuto¢nosti, ze nie vSetky
znacky v portféliu su neustale rovnako ziadice u zakaznikov, Castokrat byvaji prevalcované
konkurenénymi znackami tej istej kategorie produktov, apod. Pri naSej snahe najst
publikéciu, ¢1 uz domacu alebo zahrani¢nli, venovant prave procesu optimalizacie portfolia
znacCiek, sme spozorovali relativne vel'ki medzeru. To je hlavny dovod zamerania nasho
prispevku na optimalizaciu portfolia znaciek, pricom naSim zamerom je poukéazat’ na jej
dolezitost’ v procese celého manazmentu portfolia znaciek.

3. Metoda

Vytvorenie navrhu procesu optimalizacie portfolia znaciek podniku, na zaklade nasich
znalosti z oblasti manazmentu portfélia, ktory manazérom podnikov mdze pomdct’ dosiahnut’
logiku a konzistentnost na vSetkych urovniach marketingu, urcit' spravnu kombinaciu
sukromnych znaciek a narodnych znaciek a eliminovat nelogicku prebytocnost’ znaciek a
neproduktivnu konkurenciu. Mo6ze podporit konzistentnost’ celkového vnimania znacky
naprie¢ celym podnikom a predovSetkym priniest podnikom prileZitosti pre vyuzitie ich
rastucej sily v meniacom sa trhovom prostredi a narocnej ekonomike.

4. Vysledky a diskusia

Optimalizacia portfolia znaciek je vnimana predovsetkym ako proces vytvarania mensich,
inteligentnejSich, vyhodnejsich a vynosnej$ich znacdiek pod jednym podnikovym bannerom
v zmysle zabezpecenia logiky a konzistencie v ramci portfolia. Prilezitostne zahiha rozsirenie
v rdmci konkrétnej kategorie. V najSirSom chépani je to najmi proces zosuladenia SirSich
podnikovych cielov na vSetkych trovniach marketingu a zabezpecenie toho, aby produktové
portfolio vyjadrovalo tieto ciele prostrednictvom jeho mixu a nacasovania. Optimalizacia
portfolia znaciek zahfiia vytvorenie prisnej vnutornej discipliny na udrzanie podnikového
marketingu, maloobchodného marketingu a ziskavania zdrojov na rovnakej trovni. Na
obrazku 3 je znazorneny nami navrhnuty proces optimalizacie portfolia znaciek s naslednym
vysvetlenim obsahu jeho jednotlivych faz.
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Obrazok 3: Proces optimalizacie portfolia znaciek

Analyza
trhovej
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Zdroj: € spracovanie
1. Faza — analyza trhovej pozicie podniku, v ramci ktorej manazéri podniku analyzuju
svoju poziciu na trhu. Zist'uju, ¢i je ich pozicia v sulade so stratégiou celého podniku
ako aj stratégiou portfolia znaCiek. Aky je ich trhovy podiel ako aj hodnota podniku.
Aka je hodnota ich jednotlivych znaciek. Aké je ich postavenie V porovnani
s konkurenciou. Povazujeme za nevyhnutné, aby bola tato faza doplnena a podporena
realizaciou finan¢nej analyzy podniku pre zistenie sti¢asného stavu podniku v zmysle
zhodnotenia zamyslanych zdmerov v oblasti manazmentu portfélia znaciek.
Vysledkom tejto fazy je urcenie sucasného stavu a d’alSiecho smerovania stratégie
portfolia znaciek.
2. Faza — analyza poziadaviek zakaznikov, kedy uz podnik pozna svoju situaciu
z hl'adiska trhového a finanéného, je dolezité zistit’ aj nazory zakaznikov. Ci su znacky
Vv portfoliu vnimané z pohl'adu zédkaznikov tak ako si to podnik Zeld. Vhodnou metodou
na zistenie poziadaviek andzorov zdkaznikov moZe byt dotaznikovy prieskum
s otazkami zameranymi na ich spokojnost’ s produktmi podniku ako aj na zistenie, ¢i
zakaznikom nieco chyba, ¢i by doplnili ich st¢asné portfolio o d’alsie produkty, a pod.
3. Faza — kategorizacia znaciek, kedy su znacky v portfoliu zaradené do nasledovnych
kategorii:
e Tie, ktoré v portfoliu musia ostat’ vzhl'adom na ich vykonnost’ a hodnotu, ktora
podniku prinasaju a vzhl'adom na ich vnimanie z pohl'adu zakaznikov.
e Tie, ktoré sa musia z portfolia eliminovat, nakolko nad’alej nespinaju
poziadavky plynice zo stratégie portfolia znaciek a neprinaSaju podniku
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pozadovanu hodnotu, pripadne bol zisteny aj nezdujem z pohl'adu zakaznikov
vyjadreny v objeme predaja konkrétnych produktov predavanych pod danou
znackou.

e Tie, ktoré¢ podnik planuje vzhl'adom na smerovanie stratégie portfolia znaciek
vytvorit’.

V ramci tejto fazy je dolezité brat’ do tivahy aj vzajomné vztahy medzi znackami, ktoré

mozu byt nasledovné:

e Znacky mozu byt vzajomne nezavislé, teda neexistuje medzi nimi ziadny vzt'ah a
kazdd znacka je schopnd nezavislej existencie. V takom pripade sa manazéri
podniku v ramci kategorizacie rozhoduju vyluéne na zaklade stcasného stavu
podniku a vykonnosti znaciek.

e Znacky sa mozu vzajomne podporovat, tzn. ze je mozné ziskat’ jednostrannu alebo
bilateralnu podporu znacdiek. V tomto pripade je kategorizacia, samozrejme,
zlozitej$ia, pretoZze zamySlané vyradenie urCitej znaCky vzhladom na jej
vykonnost, moze byt zamietnuté zo strany manazérov, nakol’ko dand znacka
podporuje int vykonnejSiu znacku. Vtedy manazéri musia najst iné rieSenie
Vv stlade so stratégiou portfolia znaciek.

e Znacky mézu medzi sebou vzajomne superit’, tzn. ze pozitivny vyvoj jednej znacky
mdze sposobit’ zhorSenie vyvoja druhej znacky, o taktiez proces kategorizacie robi
znacne zlozitej$im (Kral & Bartosova, 2017).

4. Faza — vytvorenie optimalneho portfolia. Tato faza prakticky reprezentuje samotnu
optimalizaciu portfoélia znaciek podniku. ManaZéri podniku na zdklade vSetkych
informacii ziskanych v predchadzajtcich fazach vytvéaraju najoptimalnejSiu kombinaciu
znaciek, ktora bude maximalizovat’ celil hodnotu portf6lia pri si¢asnom reSpektovani
obmedzujucich kritérii. Pre potreby vytvorenia optimalneho portfolia znaciek podniky
vyuzivaji mnoZstvo optimalizatnych metdéd, ¢i uz ide o linearne, nelinearne,
dynamické, kvadratické programovanie, metody sietovej analyzy, a pod. Po vytvoreni
optimalneho portfolia prostrednictvom niektorej zo spomenutych metdd by mala podla
naSho nazoru nasledovat’ faza zahfiiajica korekcie optimdlneho portfolia plynuce
z usudku a subjektivnych nazorov vrcholovych manazérov na dané portfolio, nakol'ko
tieto nie je vzdy mozné zaclenit’ do modelov na optimalizaciu portfolia.

5. Faza — nasadenie novej znafky do portfélia. Tuto fazu sme schvilne oznacdili
Ciarkovane, pretoze moze alebo nemusi byt’ sti¢astou celého procesu. Jej zahrnutie do
procesu zalezi od fazy predchadzajtce;j, teda od skutocnosti, ¢i do nového optimalneho
portfolia boli zahrnuté aj nové znacky. Stcastou priebehu nasadenia novej znacky st aj
vhodné marketingové aktivity akomunikdcia so zakaznikmi pre potreby ich
informovania o vytvarani novej znacky.

6. Faza — hodnotenie. Faza, ktorej napliou je zhodnotenie fungovania nového portfolia
Vv priebehu daného cCasového intervalu. ManazZéri hodnotia, ¢i sa hodnota portfolia
vyvija takym smerom, ako naplanovali. Fazu hodnotenia by sme preto oznacdili za
postoptimaliza¢nti, nakol’ko je mozné ju realizovat’ az po urcitej dobe fungovania
nového optimalneho portfolia.

Ako vyplyva zo samotného obrazku, cely proces optimalizacie povazujeme za cyklicky, tzn.
ze jednotlivé cykly sa v priebehu ¢asu opakuju, pricom je na zvazeni konkrétneho podniku,
aky dlhy Casovy interval si stanovi pre opakovanie optimalizatného procesu. Pre potreby
efektivneho fungovania celého procesu optimalizacie je potrebna doslednost’ v kazdej jeho
faze, silna interna aj externd komunikacia, ¢i komplexnost’ manazmentu celého procesu. Bez
tychto a mnoho dalSich faktorov moézu jednotlivé znacky v portfoliu stagnovat’ a celé
portfolio tak nebude optimalizované.
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5. Zaver

Optimalizacia portfolia znaciek bezpochyby patri k hlavnej ¢innosti manazérov podniku.
Nie kazdy podnik si vSak uvedomuje jej dodlezitost’ a z toho dévodu zbytocne dochidza
k neefektivnemu manazmentu portfolia znaciek ak zbytocnym stratim. Zamerom nasho
prispevku preto bolo zdoraznenie ddlezitosti optimalizacie portfolia znaciek prostrednictvom
navrhu procesu optimalizacie portfolia znaciek s jasnym vysvetlenim jeho jednotlivych faz.
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Slovak Prediction Models in Economic Practice

Katarina Valaskova!

Abstract

The problem of bankruptcy prediction models has been a current issue for ages, especially in
the era of strong competition in markets and increasingly growing number of crises. If a
company wants to prosper and compete successfully in a market environment, it should carry
out a regular financial analysis of its activities, evaluate successes and failures and use the
results to make strategic decisions about the future development of the business. The aim of the
paper is to analyse the Slovak prediction models, models of Chrastinova and Guréik, defined
for Slovak agricultural enterprises. The aim of the analysis is the comparison of the results
achieved using both prediction models and the prosperity criteria that considers the current
valid legislation and the economic and financial aspects in order to verify the Slovak prediction
models designed for the agricultural sector.

Key words

Prediction models, bankruptcy, Ch-index, G-index, agriculture.
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1. Introduction

Default of business entities is determined in the literature by different terms: a prediction of
default, a prediction of bankruptcy, a prediction of financial problems, assessment of credit
risk, ex ante financial analysis methods, early warning systems, and so on. Despite the
different terminology, the content of the various contributions is common - predicting the
insolvency of companies. The reason is unambiguous - insolvency is the main cause of the
disappearance of business entities (Cisko, Kliestik, 2013, p. 635).

The beginnings and literary sources of the prediction models date back to 1930, beginning
with the studies on the use of the ratio analysis to predict the future bankruptcy (Misankova,
Bartosova, 2016). One of the first papers was the article by P. J. Fitzpatrick focused on the
identification of significant differences between successful and unsuccessful industrial
business entities. This work was an inspiration for several works by the mid-1960s.

Research was focused only on the single-factor analysis until the mid-60s. In general,
Beaver’s single-factor study (Beaver, 1966) has been the most widely spread and most
accepted study, in which the author used the financial ratios to predict the failure of business
entities for the first time. Beaver proved that financial ratios can be successfully used to
anticipate the difficulties of business entities. He also showed that not all indicators have the
same prediction ability. However, in practice the exclusive use of selected simple ratios as
predictors of failure was largely questioned, as these may be significantly distorted by
management decisions and thus may provide a distorted view on the future of the business
entity (Siekelova, et al., 2017). To eliminate the problem, Beaver proposed the use of a
dichotomous classification test. Using this method, several indicators with the highest

! Katarina Valaskova, Ing., PhD., Faculty of Operation and Economics of Transport and
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predictive power were selected which were used as a single predictor with multiple degrees of
freedom.

In 1968, Altman published the first multi-factor study, which is also very popular today,
and this model became a symbol of predicting the financial situation of businesses. The
essence of the multiple discriminatory analysis is to find such a linear combination of
characteristics that distinguishes two groups of businesses - bankrupt and non-bankrupt (i.e.
prosperous and non-prosperous). As with all methods, there are certain reservations, which
violate some assumptions of discriminatory analysis. However, these have been proved to be
irrelevant in practice (Kliestik, Misankova, Adamko, 2014). There is a wide range of
prediction models, as it depends on how many and which factors and methods to use in the
calculation of the model. Altman model (Altmann, 1968) uses 5-factor-discriminatory
analysis, while Boritz and Kennedy model (Boritz, Kennedy, 1955) use 14 factors. The range
of factors used in the models ranges from one factor to 57 factors (Kliestik, Majerova, 2015).
Altman's Z-score is one of the most used models, with high predictive accuracy, up to 95%
one year ahead. The accuracy of the model declined only to 72% accuracy two years before
the bankruptcy of the company, or 49%, 29% and 36% accuracy three, four and five years
before the bankruptcy respectively (Kliestik, Siekelova, Misankova, 2017).

Since Altman's study, the number and complexity of predictive bankruptcy models has
risen dramatically. In the early period of the prediction models, the discriminatory analysis
was very popular. General progress and technology also result in the emergence of new
models, including logit and probit analysis and neural networks (Spuchlakova, Frajtova
Michalikova, 2016). Nowadays, however, there is often only a certain modification or
extension of existing models, which is confirmed by the fact that no new methodology has
been developed in recent decades (Kliestikova, Misankova, 2016).

The mentioned individual models of financial health predictions were created at different
time and space and therefore their application in Slovak conditions can be questioned
(Svabova, Kral, 2016). The question is if a model based on country-specific data can be used
to predict the financial situation of companies in other countries. It is also necessary to
consider the classification or focus of the companies for which the model was developed. The
accuracy of prediction models is reduced significantly, if the model is used in another
industry, another time or in a different business environment compared to the data used to
derive the model (Bartosova, Kral, 2016). There are various arguments against the non-critical
usage of the results of foreign prediction models. For example, in the case of Altman’s Z
Score model, there is a different prediction ability of the market value of equity indicator in
the US economy and in Slovakia (Adamko, Kliestik, 2016). The domestic capital market is
incomparably less developed than the US capital market, and thus the indicator does not
reflect market expectations. It is assumed that the ratio of the market value of the equity and
the book value of the debt will be defected in many businesses and will not contribute to the
correct discrimination of enterprises in conditions of the SR (Svabova, Durica, 2016).

It would therefore be appropriate to use only those models, which are focused on the
prosperity assessment of companies operating on the Slovak market accepting the legislative
principles of the country (Kliestikova, Misankova, Kliestik, 2017). The prediction and
assessment of the financial health of companies has long been the subject of many studies and
researches not only in our terms. However, in Slovak business conditions only agricultural
entities can be evaluated. Chrastinova in 1998 proposed a model of discriminatory function
that takes the specifics of agricultural entities into account. Ch-index of Chrastinova was the
first ex-ante analysis focused on agro resort used not only in Slovakia but also in the Czech
Republic. The second major milestone is the model of Guréik (2002) who differentiated
entities to prosperous and non-prosperous using the discriminatory function. The author states
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that it is possible to create a single integrated indicator to predict the financial situation of the
monitored enterprise in the near future on the basis of the construction of different indicators
and models using the discriminatory analysis.

The aim of this contribution is to verify the Slovak prediction models, comparing their
result values with the database of enterprises where the criteria of prosperity for individual
agricultural enterprises were determined following the applicable legislation taking into
account the economic and financial aspects.

The contribution is divided into three main parts. The first part presents the methodology
and procedures as well as the database of enterprises, which was used for the analysis and
verification of the models. In the Results and Discussion section, the calculations of the
individual Slovak models and their comparison with the database of enterprises are presented
and in the last part of the paper, the results of the realized analyses are discussed.

2. Material and Methods

The financial statements of Slovak companies of the year 2015, obtained from the Register
of financial statements of the Ministry of Finance of the Slovak Republic, were the source of
the analysis. The database consists of 62,533 enterprises. In order to assess the performance of
these enterprises, various financial indicators of profitability, activity, liquidity and
indebtedness were calculated. The survey also included the classification of enterprises into
the group of prosperous and non-prosperous enterprises, considering the Commercial Code,
which defines the enterprise in crisis according to the following criteria:

e the value of equity is negative or the difference between assets and liabilities is
negative;

e the enterprise has at least 2 liabilities of a different creditor which are min 30 days
after the maturity (this fact is not seen in the financial statement but we can
approximate it by calculating the total liquidity indicator (L3) and determining the
critical value of the indicator);

e the value of the financial independence indicator (i.e. the ratio of equity and debt) is
less than 0.08.

Despite the mentioned legislative criteria, it is possible to use other individual criteria used
in the practice of Slovak enterprises, which point to the prosperity of the enterprise, for
instance total liquidity is less than 1, return on revenue is negative and the result after taxation
is negative (Majerova, Kliestik, Misankova, 2015).

Based on the defined conditions, we proposed criteria for an identification of a non-
prosperous enterprise, which would take into account the current legislation, economic and
financial aspects and we applied them to the whole database of enterprises, considering the
ratio of equity to debt, total liquidity and negative net income.

As the objective of this article is to analyse agricultural enterprises, we select agricultural
enterprises from the entire database using the SK NACE classification. We get the group of 78
enterprises.

Then we analyse the whole database again and from the available financial statements, we
select only those indicators that are used in the models of Chrastinova and Gur¢ik.

Chrastinova (1998) introduced her model, known as Ch-index, in 1998. The model was
formed of the data of Slovak agricultural enterprises in the following form:

CH=0.37*X1+0.25* X2 +0.21 * X3-0.1* X4 -0.07 * X5 1)
where
X1 = EAT / total capital,
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X2 = EAT / revenues,
X3 = Cash flow / debt,
X4 = debt / revenues,
X5 = debt / total capital.

The resulting value can be categorized into three groups. If the value is less than -5, an
enterprise is in an unhealthy financial situation, if the value ranges from -5 to 2.5, an
enterprise is in a neutral zone and if the value is higher than 2.5 an enterprise is in a healthy
financial situation.

The second Slovak model, the G-index, is named after its author L. Gur¢ik. The G-index is
newer than the Ch-index, it was constructed on the basis of later data. However, the Ch-index
is also based on the discriminatory analysis and financial indicators. The model also focuses
on the agricultural area:

G=3412*X1+2226* X2 +3.277 * X3 + 3.149 * X4 — 2.063 * X5 (2)

where:

X1 =retained earnings / liabilities,
X2 = EBT / liabilities,

X3 = EBT / revenues,

X4 = Cash flow / liabilities,

X5 = inventory / revenues.

The value we get is used to classify the entities into one of three areas. If the value is higher
than 1.8, the enterprise has a favourable financial situation, the grey zone is located between
the values -0.6 and 1.8, and if the value is less than -0.6, the enterprise has a poor prediction
of the financial health prediction to the future (Gurcik, 2002). Unfortunately, in the conditions
of the Slovak Republic, none of the above-mentioned models has been fully developed and
recognized.

This selection was applied to choose the parameters entering the Ch-index and the G-index,
and a new group of enterprises was acquired. However, several enterprises were moved out
because when calculating the needed ratios, some data was absent and the division was not
possible (division by zero). Subsequently, both databases were matched and the result is a set
of 76 businesses, which are the subject of further investigation.

3. Results and Discussion

In the methodological part of the paper, the prosperity of agricultural enterprises in the
database was assessed on the basis of three indicators, the ratio of equity and debt, total
liquidity and net income after tax. 64 entities out of the total number of 76 were identified as
prosperous, financially sound businesses, but we identified 12 non-prosperous businesses.

The next step was to calculate the financial health of companies using the index of
Chrastinova. The following table, Table 1, summarizes the calculated indicators for the first
15 enterprises.

Table 1: Calculation of indicators in Ch- index (example)

IDof |EAT/ EAT/ CF/ debt/ debt/total

entity | assets revenues | debt revenues capital Ch-index
22956| 0.00502| 0.00064| 0.13526 0.12032| 0.94467| -0.04773
60873| 0.67440| 0.01030| 0.50723 0.02032| 1.32956| 0.26352
92864 | 0.02842| 0.07682| 0.03881 3.52446| 1.30391| -0.40584
114126| -0.03567| -0.02097| -0.04238 0.49480| 0.84158| -0.13573
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116591| 0.14676| 0.06662| 0.65561 0.12455| 0.27436| 0.17697
131167] 1.06828| 3.35255| 9.19183 0.37433| 0.11927| 3.11790
134032| 0.02817| 0.01626| 0.03035 0.53566| 0.92824| -0.09767
143678 | 0.20565| 0.13626| 0.53977 0.36802| 0.55542| 0.14782
148621| 0.01961| 0.01045| 0.03199 0.51940| 0.97422| -0.10354
224905| 0.21512| 0.02645| 1.10191 0.02568| 0.20888| 0.30041
301305 0.08218| 0.05469| 1.53774 0.05784| 0.08692| 0.35513
318856 | 0.04966| 0.00487| 0.06533 0.07460| 0.76012| -0.02735
328370| -0.12581| -0.19950| -0.04761 1.33078| 0.83923| -0.29824
333564 | -0.12177| -0.00695| -0.20408 0.03406| 0.59670| -0.13482
344118 | -0.56835| -0.58264 | -0.81434 0.71547| 0.69792| -0.64736

The final assessment of the Ch-index values allows to classify enterprises into one of three
categories, Table 2:

Table 2: Classification of enterprises according to the Ch-index

Ch-index less than -5 non-prosperous 3 non-prosperous
-5t0 2,5 neutral 72
more than 2,5 prosperous 1 prosperous

The database assessing the prosperity of enterprises using indicators following the current
legislation and the economic and financial aspects is divided only into two groups of
companies, prosperous and non- prosperous, and so the resulting values of the Ch-index has to
be grouped in two categories, too. The prosperous group of companies is the group that is
ranked in the category of financially sound businesses and businesses in the neutral zone
according to the Ch-index. The rest were unhealthy, non-prosperous businesses.

We proceeded similarly to calculate the index of Guréik. The following table, Table 3,
determines the resulting values of the indicators entering the G-index for the first 15
enterprises. Grey colour is used to highlight those businesses that are not prosperous
according to the G-index.

Table 3: Calculation of indicators in G- index (example)

IDof |Ret.earnings/ |EBT/ EBT/ CF/ inventory/

entity | liabilities liabilities |revenues | liabilities | revenues | G-index
22956 0| 0.00502| 0.00064| 0.12701 0.00941| 0.39385
60873 0.02080| 1.02092| 0.01560| 0.67440 0| 4.51841
92864 0.00011| 0.03459| 0.09351| 0.05060 2.08423| -3.75652
114126 0.15409| -0.01441| -0.00847 | -0.03567 0] 0.35360
116591 0.50530| 0.19739| 0.08961| 0.17987 0] 3.02359
131167 0.18719| 1.23271| 3.86860| 1.09639 0| 19.51270
134032 0.06983| 0.03315| 0.01913| 0.02817 0.40510| -0.37222
143678 0.22659| 0.26651| 0.17659| 0.29980 0.02451| 2.83862
148621 0| 0.03253| 0.01734| 0.03117 0.03511| 0.15499
224905 0.43961| 0.27534| 0.03385| 0.23017 0.01098| 2.92596
301305 0.74080| 0.10751| 0.07155| 0.13366 0.03291| 3.35446
318856 0.11203| 0.06380| 0.00626| 0.04966 0| 0.70122
328370 0.39507| -0.11193| -0.17749]| -0.03996 0] 0.39140
333564 0.65309| -0.01393| -0.00080| -0.12177 0] 1.81128
344118 0| -0.55806| -0.57209 | -0.56835 0] -4.90671
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The final assessment of the G-index values allows to classify enterprises into one of three
categories, Table 4:

Table 4: Classification of enterprises according to the G-index

G-index less than -0,6 | non-prosperous 10 non-prosperous
-06t01,8 Neutral 40
more than 1,8 prosperous 26 prosperous

The resulting values of the G-index were grouped again into two groups. The group of the
prosperous enterprises includes the entities, which were classified into the category of
financial health companies and companies in the neutral zone. The rest were the non-
prosperous companies.

The final comparison of all realized calculations is presented in Table 5.

Table 5: Comparison of results

Criteria of

prosperity Ch- index G-index
Prosperous 64 73 66
Non-prosperous 12 3 10
TOTAL 76 76 76

Crucial are the results of the criteria of prosperity as they take the current legislation and
the economic and financial aspects of the business entities into account that is the reason why
the comparison was conducted according to this criterion. Compared to the Ch-index, it is
only 25% match when identifying non-prosperous enterprises, while the match with the G-
index is more than 83%. It may be caused by the fact that the G-index was formed almost a
decade later.

3.1 Verification of the Slovak prediction models using contingency tables

Contingency tables (matrix of changes) may be used in order to assess the future success
and financial health of a business. It can be summarized as in the following Table 6.

Table 6: Contingency table

Predicted group

Real group

Non-prosperous

Prosperous

Non-prosperous

True negative

False positive

Prosperous

False negative

True positive

The depicted contingency table distinguishes four different situation that may occur:
1. True Positives (TP) - this is a positive match of how many prosperous businesses are
properly classified as prosperous,
2. False Negatives (FN) - false negative results present the number of prosperous businesses,
which are wrongly classified as non-prosperous,
3. False Positives (FP) - results of false positives, i.e. how many non-prosperous businesses
are wrongly classified as prosperous,
4. True negative (TN) - this is a negative match of how many non-prosperous businesses are
correctly classified as non-prosperous (Janouskova, Hol¢ik et al., 2015).

Based on these matrix values, we can then calculate the success rates of the business
prosperity classification (Klepa¢, Hampel, 2016).

Total accuracy is calculated as the ratio of correctly classified entities to all entities.
TP +TN

total accuracy = TP + FP + FN + TN

®)
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Type | error evaluates the number of true positive results that were classified as false

negative.
FN

TP + FN 4
Type 11 error evaluates the number of true negative results that were wrongly marked as
positive

type I error =

type I __FP
ype L error = ep TN )
Sensitivity presents the ratio of true positive cases to all positive cases.
TP
sensitivity = TP + FN ©)

Specificity is the ratio of true negative cases to all negative cases.
TN

Ficity =
specificity FPYTN ™

On the basis of the result values of the sensitivity and specificity ratios, the Receiver
Operating Characteristics (ROC) curve can be constructed and the accuracy of the
classification can be reviewed considering the area under the curve (Klepac, Hampel, 2016):

e values form 0.5 to 0,75 refer to acceptable classification ability,

e values from 0.75 to 0.92 mean good classification ability,

e values from 0.92 to 0.97 determine very good classification ability and
e values from 0.97 to 1.0 perfect classification ability.

3.1.1 Classification ability of Ch-index and G index

The application of the contingency tables and related ratios is proved on the Slovak
prediction models.

Table 7: Contingency table of Ch-index and G-index

Predicted group
Non-prosperous Prosperous
Real group Ch-index | G-index | Ch-index | G-index
Non-prosperous 0 5 12 7
Prosperous 3 10 61 54

It is clear, the Ch-index classifies correctly 61 (80.26 %) prosperous entities but zero non-
prosperous. 15 (19.74 %) entities were not classified correctly. Based on these results, it can
be claimed that model has good classification ability.

As depicted in the previous table, the G-index classifies correctly 54 (71.05 %) prosperous
entities and 5 (6.58 %) non-prosperous ones. 17 (22.37 %) entities were not classified
correctly. Based on these results, it can be claimed that model has acceptable classification
ability.

The final assessment of both prediction models has to include the ratios of successful
classification presented in the Table 8.

Table 8: Ratios of successful classification of Ch-index and G-index
Ch-index | G-index
Total accuracy | 80.26 % | 77.63 %
Sensitivity 95.31% | 84.37 %
Specificity 0% 41.67 %
Type | error 4.69% | 15.63 %
Type Il error 100 % | 58.33%
AUC 47.6 % 59.8 %
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As mentioned earlier, the total accuracy of the Ch-index is more than 80 %. And otherwise,
the total inaccuracy of this prediction model is about 20 %. The prediction ability of the
bankruptcy is given also by the inaccuracy of the classification — there is a need to consider
type | and Il errors. Despite the fact, that the model classifies wrongly 4.69 % of prosperous
entities into non-prosperous, the values of the type | error and of the sensitivity are satisfying.
The problem is the type Il error as the model classifies wrongly 100 % non-prosperous entities
into the group of prosperous entities.

The total accuracy of the G-index is more than 77 %, the total inaccuracy of this prediction
model is 22.37 %. And again, there is a need to consider type | and Il errors. Despite the fact,
that the model classifies wrongly 15.63 % of prosperous entities into non-prosperous, the
values of the type I error and of the sensitivity are quite satisfying. Considering the type Il
error, the model classifies wrongly 58.33 % non-prosperous entities into the group of
prosperous entities.

The Figure 1 portrays the relation between the sensitivity and 1-specificity, which is
a relation between true positive and false positive. The area under the curve (AUC) reviews
the quality of the model.

Figure 1: ROC curve for Ch- index (a) and G-index (b)
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Considering the model of Chrastinova, the value of 0.467 was calculated which means, that
the total classification ability of the model is not acceptable. The value of the area under the
ROC curve in the model of Guréik was 0.598, which means, that the total classification ability
of the model is acceptable.

To sum up, the classification ability of the G-index is acceptable (the value is slightly
above the minimal value of ROC). It may be caused by the fact, that the model was formed
using newer data compared to the Ch-index.

4. Conclusion

Prediction models consists of a combination of indicators, including their weights, suitable
for assessing the performance and credibility of the business. Prediction models can be also
divided into bankruptcy and prediction models. Determining the prosperity of an enterprise,
the main purpose of our contribution, is the role of prediction models that diagnose the
financial health of enterprises and decide whether to place it in a group of prosperous or non-
prosperous businesses. They are based on theoretical knowledge, using data from the financial
statements of enterprises, thus allowing comparability with other business entities within one
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department of business or economic activity (according to SK NACE). Prediction models are
based on the evaluation and interpretation of the results achieved in the current period and
they allow to forecast the development of the economic and financial situation of the
company. Taking the conditions of the national economy, its legislation, operation of financial
instruments, but also the external factors into account, prediction models can indicate the
risks, weak and strong points of the financial health of the company.

Methods of prediction of the financial situation of an enterprise must enable to categorize
the company as prosperous or non-prosperous. This requires to express the overall financial
and economic performance of the enterprise in a clear manner, which is the role of prediction
models. Various methods are used to quantify the synthetic discriminant variable and to
summarize the selected variables. One of them is a multidimensional discriminatory analysis,
which was also used for the Slovak prediction models of Chrastinova and Grucika designed
for agricultural enterprises. The validity of these models was verified by comparing the
resulting index values calculated for agricultural entities in the database with the prosperity
criteria that were established on the basis of the current legislation taking the economic and
financial aspects of companies operating on the Slovak market into account. We found that
the G-index shows up to 83% match in identifying the non-prosperous businesses. The total
classification ability of the model is acceptable as the area under the ROC curve reaches the
value of 0.598. The use of the G-index is much better to verify the prosperity and financial
health of businesses in agro resort, as it is obvious that we are interested in knowing the
financial problems of the enterprise in advance.
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Setting optimal limit of cover by stochastic
optimisation

Jifi Valecky!

Abstract

The paper is focused on the setting of the optimal limit of cover for the stop-loss insurance. We
respect that the loss, or severity respectively, is a random variable which follows an exponential
probability distribution. Firstly, we derive the general analytical objective function which can
be extended and applied also to other cases, e.g. setting optimal deductibles, coinsurance and
others. Further, we derive also the general analytical objective function under the assumption
that the loss follows the exponential distribution. In addition, we show that solving the problem
using sampling average approximation involving Monte Carlo simulation provides similar
results and that the optimisation problem can be solved also by such simplifying method.

Key words

Insurance, limit of cover, stochastic optimisation, stop-loss,

JEL Classification: C44, C61, G22

1. Uvod

Volba pojistného produktu je ¢asto provadéna intuitivné pod vlivem reklamnich kampani
¢i na doporuceni jinych osob. V hor§im piipadé byva pojistny produkt uzaviran pod tlakem
manipulativniho jednani ze strany pojistného zprostiedkovatele. Snaha o objektivizaci tohoto
rozhodovaciho problému vyustila v aplikaci metod vicekriterialniho hodnoceni, napt. pro
volbu produktu penzijniho ptipojisténi v Borovcova (2010, 2014) nebo pti vybéru havarijniho
pojisténi v Borovcova (2017). Stejné tak tomu byva pfi nastavovani vyse pojistného kryti. V
ptipad¢ vicekriteridlniho rozhodovani byva poté jeden pojistny produkt s riznou vysi pojistné
ochrany uvazovan jako oddélené varianty, ze kterych je zvolena finalni (optimalni) varianta.

V tomto pfistupu je vSak opomijena ta skutecnost, ze vySe Skody zplisobené pojistnou
udalosti je ndhodna. V pfispévku je tak demonstrovano, jakym zplisobem lze zvolit optimalni
nastaveni pojistného produktu tak, aby nahodna skoda byla optimaln¢ kryta. Nicméné, v ramci
pojistnych smluv lze rozliSovat rizné typy dle parametru pojistné ochrany, jehoz vyse je
volena, napf. ryzi zajmové pojisténi, pojisténi na plnou hodnotu, pojisténi s procentualni ¢i
excedentni spoluucasti.

Tento piispévek se zabyva nastavenim pojisténi na prvni riziko, kdy volend pojistna ¢astka
je hornim limitem plnéni pojistitele. Cilem piispévku je tedy volba optimalni vySe tohoto
limitu za pfedpokladu, Ze ndhodna $koda ma exponencialni rozdéleni. K tomu je nejprve
odvozen obecny analyticky tvar ucelové funkce v druhé Casti a poté je ve tieti ¢asti dovozen
analyticky tvar pro exponencialni rozdéleni pravdépodobnosti. Tato funkce je rovnéz
aproximovana technikou Monte Carlo. Nasledné¢ jsou feSeny optimalizaéni tlohy
s analytickym tvarem i aproximovanou ucelovou funkci a je stanovena optimalni vyse
pojistného limitu. Posledni ¢ést uzavira ptispévek.

! Ing. Jiti Valecky, Ph.D., VSB — Technicka univerzita Ostrava, ekonomicka fakulta, katedra financi,
Sokolska tiida 33, 702 00 Ostrava, Ceska republika, email: jiri.valecky@vsb.cz.
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2. Formulace alohy stochastického programovani

Cilem tulohy stochastického programovani je nalézt optimalni limit pojistného kryti. Jeho
vySe vSak ovliviiuje nejen stupen pojistné ochrany, respektive vysi pojistného plnéni, ale
samoziejm¢ také vysi pojistného. Pro jednoduchost uvazujme, ze pojistné je pocitdno jako
nasobek voleného limitu, tedy

P=q-x, (1)

kde X je voleny limit a g je pojistna sazba.

Pokud vsak realizovana Skoda piesdhne zvoleny limit, pak cast Skody jde na vrub
pojisténého. Po zahrnuti placeného pojistného lze vyjadfit celkovou finanéni ujmu pojisténého
jako

S—x+P=S-x+q-x=S—(1-q)Xx, 2)
kde S je vyse realizované Skody. V ptipadé, ze vySe Skody je niz$i nez zvoleny limit, pak
celkova ujma pojisténého je pouze ve vysi pojistného. Tyto situace lze piepsat do ucelové
funkce ve tvaru

G(x,S)z{S_(l_q)X pro  x<S, )
q-X pro x=S,
nebo také

G(x,S)=q-x+max(S -x,0). (4)

Nastane-li Skoda ve vysi 450 000, pak optimdlni vySe limitu je pochopitelné roven této
skodg, jak je dolozeno rovnéz nasledujicim obrazkem, kde minimum uéelové funkce je pravé
pfi limitu ve vysi 450 tis.

Obrazek 1: Hodnoty ucelové funkce pro predem zndmou Skodu ve vysi 450 (v tis. K¢): vySe pojistného
(¢arkované), Skoda na vrub pojisténého (teckované) a celkova financni ujma pojisteného (plné)
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Na obrazku je zndzornéna zavislost vySe pojistného na velikosti limitu pojistného kryti a
zaroven klesajici vySe Skody jdouci na vrub pojisténého v zavislosti na rostoucim limitu.

Nicméné, rozhodnuti o velikosti limitu pojistného kryti musi byt u¢inéno diive, nez je vyse
skody znama. Je zfejmé, ze zvoleny limit povede pii rizné realizaci ndhodné Skody K rizné
celkové uymé, takze je potieba nalézt takovy optimalni limit, ktery minimalizuje ocekavanou
celkovou tjmu, tedy
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minE[G(x,S)]. (5)
2.1 Obecny tvar ucelové funkce

Necht' ¢ (X) = E[G(X, S)], pfiéemz @ (X) je konvexni spojitou funkci, pak pro x>0, Ize
funkci prepsat do nasledujiciho tvaru

g(x)=g(x)+g(0)—g(0):g(O)+Ig’(z)dz. (6)
Pro x=0 mame
9(0)=E[S] (7)
a dale
%E[max(S—x,O)]:P(Szx), ®)
tedy

g’(z)=q+%E[max(S—z,O)]
=q-P(S>z) ©)

=4-(1-F(2)),
kde F je kumulativni distribuéni funkce ndhodné skody. Ucelovou funkci Ize tedy zapsat do
obecného tvaru

E[G(x,S)]=E[s]+

(9-1+F(z))dz
~E[S]+(a-1)x+ | F(2)z

0

O ey <

(10)

Pro nalezeni analytického tvaru Gcelové funkce je nutné stanovit predpoklad o rozdéleni
pravdépodobnosti nahodné Skody a poté vypocitat integral kumulativni distribu¢ni funkce
zvoleného rozdéleni.

2.2 Aproximace ucelové funkce technikou Monte Carlo

Analytické feSeni integralu v rovnici (10) mize byt slozité. V takovém ptipad¢ je vhodné
aproximovat ocekavanou hodnotu ucelové funkce pomoci simulace Monte Carlo. Postupuje
se tak, Ze jsou generovany scénafe j=1,...,N ze zvoleného rozdé€leni pravdépodobnosti, pro

kazdy scénaf je spocitana hodnota funkce (4) a poté je oCekavana hodnota ucelové funkce
aproximovana jejich primérem, tedy

E[G(xS)]~7, (x):%iG(x,S“)), (11)

kde N je pocet generovanych scénaiti a sU) je simulovana Skoda pro -ty scénaf.
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3. Stanoveni optimalniho limitu za predpokladu exponencialniho
rozdéleni nahodné Skody

Nyni naleznéme optimalni vysi limitu pojistného kryti za predpokladu, ze ndhodna skoda
ma exponencialni rozd€leni s parametrem A =0,01 a Ze pojistna sazba je ve vysi =0,25.
Dale pfipomenime, ze hodnoty jsou v tis. K¢.

3.1 ReSeni pomoci analytického tvaru

Analyticky tvar ucelové funkce za predpokladu, Ze nahodnd Skoda ma exponencialni
rozdéleni, zavisi na feSeni integralu

X
_[ F(z)dz.
0
Dosazenim distribu¢ni funkce pro exponencialni rozdéleni

F(z)=1-e* (12)

a feSenim integralu ziskadme

= x+%e‘lX —% (13)
= —i(l—e‘“)

Analyticky tvar Géelové funkce (10) je tedy

E[G(X,S)J:E[S]+q.x_x+x_%(1_e-xx)

1 1 —AX
:z+q'x—z(1—e ) (14)
1 —AX
=(-X+—€ .
a A

Nasledné je feSena nasledujici optimaliza¢ni tloha

minE[G(x,S)],

x>0
jez ma optimalni feseni X =138,629 a hodnota ucelové funkce je rovna 59,657. Optimalni
limit pojistného kryti je tedy priblizn¢ 139 000 K¢, jez je spojeno s celkovou ocekavanou
finan¢ni Wjmou pojisténého ve vysi 59 657 K¢. Z toho ¢ini placené pojistné 34 750 K¢ a
ofekavana Skoda na vrub pojisténého 24 907 K¢. Pribéh ucelové funkce je zachycen na
nasledujicim obrazku.
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Obrazek 2: Pribeh analytického tvaru ucelové funkce (v tis. K¢)
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3.2 ReSeni aproximaci Monte Carlo

Déale naleznéme optimalni feSeni v piipad€, ze ocekdvana hodnota ucelové funkce je
aproximovana simulaci Monte Carlo. Pro tento cel je nejprve generovano 10 000 scénait
vySe Skody z exponenciilniho rozdéleni s parametrem A=0,01 a pro kazdy scénaf je
spo¢itana hodnota funkce (4). Tyto hodnoty jsou nasledné zprimérovany, ¢imz se ziska
aproximace (11), a dale je feSena optimaliza¢ni tloha ve tvaru

0 G (x).
jejiz optimalni feSeni je X =139,135. Vysledek feSeni obou uloh nejsou pochopitelné stejné,
ale jejich hodnoty jsou velmi blizké. Zde je vhodné podotknout, ze aproximace je tim lepsi,
¢im vice scénaii je generovano. OvSsem uz pii 10 000 scénafich je prubéh aproximované
funkce velmi blizky analytickému tvaru, jak je ukazano i v nasledujicim obrazku.

Obrazek 3: Pribeh ucelové funkce (v tis. K¢): analyticky vzorec (plné) a aproximace simulaci Monte Carlo
(carkovane)
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4. Diskuse a zavér

Prispévek byl vénovan optimalnimu nastaveni pojistné smlouvy, konkrétné¢ vyse limitu
pojistného kryti u pojisténi na prvni riziko, a to za predpokladu, ze Skoda mé exponencialni
rozdéleni.

V textu byl nejprve odvozen obecny analyticky vzorec, jenz je dale mozné feSit za
ptedpokladu libovolného rozdéleni pravdépodobnosti, pii¢emz v ptispévku byl feSen za
predpokladu exponencialniho rozdéleni pojistné Skody. Bylo také ukazano, ze tfeSeni ulohy
s aproximovanou ucelovou funkci technikou Monte Carlo dava velmi podobny vysledek jako
feSeni ulohy s analytickym tvarem ucelové funkce. Tim bylo potvrzeno, ze optimaliza¢ni
uloha je adekvatné fesitelna i zjednodusujicim zptisobem.

Je vhodné také zdiraznit, ze prezentovany postup je obecného charakteru. Optimaliza¢ni
ulohu lze tedy upravit ¢i rozsifit o dalSi parametry pojistné smlouvy, napf. optimalni vysi
pojistné ¢astky nebo absolutni vysi spolutcasti apod. Dal§im potencialem uvedeného pfistupu
je jeho mozna implementace do vicekriteridlniho hodnoceni pojistnych produktt a zohlednit
Vv ramci rozhodovaciho procesu o optimalni varianté i nejistou nahodnou Skodu.

Dal$im rozsifenim a zaroven dil¢im nedostatkem prezentovaného postupu je skutecnost, ze
optimalni limit je volen za ptfedpokladu, ze pojistna udalost se s jistotou vyskytne. Ve
skute¢nosti je 1 vznik pojistné udalosti nahodny, nejen tedy vyse vzniklé Skody. Rovnéz lze
uvedeny linearni vztah pro kalkulaci pojistného nahradit vzorcem vychazejiciho s principu
ekvivalence a pripadné navysit vysledné netto pojistné o fixni ¢astky na thradu néakladi
pojistitele. Nicméng, tento postup neni vhodny pro pojisténého, nebot’ tyto informace mu
nejsou K dispozici. Pro linearni vztah lze argumentovat stim, ze je mozné jej vytvorit
z kalkulace pojistného, jez byvaji k dispozici na strankach pojistoven, a tento linearni vztah
tak jednoduse odvodit.
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Concordance Rate between Time Series of
Exchange Rates, Statistical and Probabilistic view

Frantisek Vavra, Tomas Toupal *

Abstract

The paper presents one of the possible methodologies for comparing two time series by estimating
the probability that both series will increase or decrease (in probability) synchronously. This
procedure is analogous to the specific measures of dependence (concordance) between random
variables with non-parametric approach (Kendal tau, Blomqvist beta, ...). There is no problem
with the probability model. This problem occurs in statistical inference. For observed data
(transformed into increasing and decreasing movement), the assumption of independent
observations will be easily reversed (with rare exceptions). Therefore, we present a simple
Markov model of transitions between states (increasing-increasing, increasing-decreasing,
decreasing-increasing, decreasing-decreasing). The assumption of the independence of the
observed states is then replaced by the assumption of independent observed transitions.

Key words
Time series, Exchange rate, Concordance rate, Kendall tau, Markov model.

JEL Classification: C22, C51?

1. Uvod

Castou finanéni tlohou je posouzeni toho, jak se budou chovat finanéni aktiva
denominovana v néjaké méné ve vlastnostech této mény ke meéné ucetni (kurzova ztrata ¢i
vynos) pokud dojde k n¢jaké zméné (kurzu) mény jiné. To Ize, v nékterych ptipadech, posoudit
na zaklad€ znalosti minulych hodnot a ptedpokladu, Ze nedojde k vyznamné zméné
Vv pravdépodobnostnim modelu chovani takovych ¢asovych fad. Obecné se tedy jedna o méteni
,»Sily* éachovévéni ¢i nezachovavani tendenci (monotonie, vzrusty, poklesy) ve dvou ¢asovych
fadéach®.

2. Motivace a zakladni pojmy

Predkladany text je motivovan konceptem pozitivni a kvadrantové zavislosti (napft. [1], [2]
a dalsi). Silu vazby mezi dvéma ¢asovymi fadami lze méfit mnoha zpisoby. Jednim z nich je
pravdépodobnost zachovani (¢i nezachovani) monotdénniho vztahu. Tj. pravdépodobnost toho,
kdyz hodnoty jedné fady rostou, Ze i hodnoty druhé fady také rostou, obdobné pro souhlasné
poklesy (analyticky i pro nesouhlasna chovani)®. Dale, budeme pracovat s ¢asovymi fadami,

! Ing. Tomas Toupal, Ph.D., ttoupal@kma.zcu.cz, Katedra matematiky, FAV ZCU v Plzni

doc. Ing. Frantidek Vavra, CSc., vavra@kma.zcu.cz, Katedra matematiky, FAV ZCU v Plzni.
2 Zdroj: http://www.aeaweb.org/jel/jel_class_system.php#C
3 Takovou teorii a jeji algoritmicky projev lze budovat i pro vice ¢asovych fad. Zde se budeme zabyvat
jen dvojicemi.
* Tedy bude nds zajimat jen kvalitativni stranka (roste-roste, roste-kles4, ...) nikoliv kvantitativni (tedy
odpoveédi na otazku ,,0 kolik?*).
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jejichZz hodnoty jsou spojité nahodné proménné (takovy pravdépodobnostni model, v mnoha
piipadech, nezkresluje realitu). Pak mohou nastat jen nasledujici piipady®:

Tabulka 1: Stavy casovych rad
Fada A roste roste klesa klesa
rada B roste klesa roste klesa
stavovykéd 11 10 01 0,0
¢iselny kod 3 2 1 0

Samoziejmé, rast ¢i pokles je nutné vztdhnout k néjakému, neprézdnému, casovému
intervalu nebo k porovnani hodnoty v jednom ¢asovém okamziku s hodnotou v jiném ¢asovém
okamziku. Zde se omezime na casové fady s diskrétni ¢asovou osou a na porovnavani ve dvou
casovych okamzicich. Proto, pro dané t z mnoziny celych ¢isel lze zapsat uvazované stavy

Vv nasledujici tabulce.
Tabulka 2: Stavy casovych rad

Fada A x,(t) x4(t) x,4(t) x,(t)

> x,4(t — 1) > x,4(t—1T) < x4(t—1T) < x4(t—1T)
Fada B xg(t) >xg(t—1) x5() <xpg(t—1) x5(t)>xg(t—1) x5() <xp(t—1)
stavovy kod 1,1 1,0 0,1 0,0
Ciselny kod 3 2 1 0

Tim je kazdé realizaci dvojice Casovych fad (pro dané T a v kazdém cCase t) pfifazen jeji stav.
Za miru shody, konkordance (concordance rate), téchto ¢asovych fad budeme pak povazovat
pravdépodobnost toho, Ze budeme kdekoliv v Case pozorovat stav 1,1 nebo stav 0,0. Odtud je
ziejmé, Ze budeme pracovat s dvojicemi ¢asovych fad, u nichz tato pravdépodobnost nezavisi
(funk¢ng€) na Case t (ale mize zaviset na Casovém posuvu 7). Formalné Ize za uvedenych
predpokladil psat:

concr (xp, xp; 7) = P([1,1]l; U [0,0]],) = P([1,1]];) + P([0,0]|,)

2.1
= P([3]l,) + P((0]1,). 21
Evidentné plati:
concr(x,, xg; T) = concr(xg, xX,; T),
0 < concr(xy,xg;7) <1, (2.2)

xg(t) = h(xA(t)) = concr(xy, xg; T) = 0, h(x) je ostie klesajici,
concr(x, x,; ) = 1, kde x, je kopie x.

V analogii s Kendalovym tau [2,3] lze zavést koeficient konkordance jako rozdil
pravdépodobnosti shody a pravdépodobnosti neshody.

concc(xA,xB; T) = P([lﬁl]lr U [0,0]l.[) - P([1,0]|T U [Oﬂl]lr) (2 3)
= 2concr(x,, xg; T) — 1. '
Evidentné plati:
—1 < concc(xy, xp;7) < +1,
concc(xy, xg; ) = 0, pokud jsou poklesy ¢i vzrusty v obou fadach nezavislé, (2.4)
concc(xy, xg; T) = —1, pokud vzrist v jedné z fad s jistotou implikuje pokles, '
concc(xy, xp; T) = +1, pokud vzrust v jedné z fad s jistotou implikuje vzrist.

® Samoziejmé v praxi je mozny vyskyt shod. Jeden z moznych postupli pro feseni této situace bude
naznacen v zavéru tohoto textu.
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Z pohledu teorie nepfinasi toto zavedeni nic nového. Je vSak ndzorné. Pokud je koeficient
zaporny, pravdépodobnost neshodného chovani dominuje nad pravdépodobnosti shodného.
Pokud je kladny, pravdépodobnost shodného chovani dominuje nad pravdépodobnosti
neshodného. Pokud nelze ze znalosti chovani jedné fady vyznamné usuzovat na chovani fady
druhé je nulovy nebo blizky nule.

3. Statisticka inference

Za uvedenych ptedpoklada jsou jevy pobytu realizaci dvojice ¢asovych fad v libovolném
stavu, v daném case (a pfi daném casovém posunu), stejné rozdelené. AvSak ptredpoklad
nezavislosti pozorovani nebude pro vétSinu realnych (dvojic) ¢asovych fad splnitelny (to je
potieba, pokud bychom chtéli vyuzit prostredkti vyzadujicich ndhodny vybér, tj. iid). Dvojice
casovych fad budou obsahovat vétsi ¢i mensi miru paméti (= pravdépodobnostni zavislosti
V Case). Proto musime vyuzit né¢jaky model Casové zavislosti. Tim mtze byt pro dosti velkou
ttidu uloh Markovsky fetézec (specificky pro bézné dvojice casovych fad bez dalSich funkénich
vazeb, homogenni a regularni [3]). Tim lze nahradit pfedpoklad nezavislosti pozorovani stavii
predpokladem nezavislosti pozorovanych piechodii z konkrétniho stavu do jiného stavu®.

Pro takto zvoleny Markovsky fetézec plati:

pT(t+1) =p" ()P, (3.1)
kde p(t) je vektor pravdépodobnosti vyskytu fetézce v daném stavu a P je matice
pravdépodobnosti piechodu ze stavu do stavu, evidentné dimp(t) =k a dimP = k xk,
V naSem piipadé k = 4.

Prvky matice P lIze (bodové) odhadnout klasickymi cCetnostnimi postupy. Pred tim
ptipomenme, ze P(i,j) = Pravdépodobnost(ptechodu do stavu j, pokud je ve stavu i),
tj.:

5o n(i))
P(,j) = EOR (3.2)
kde n(i,j) je podet pozorovanych piechodi ze stavu i do stavu j an(i) = Y5, n(i, ).

Proti béznym tloham, zde P (i, j) neni podil nahodné proménné poétu pozorovani a pevného
rozsahu nadhodného vybéru. Jedna se o podil dvou nahodnych proménnych. To situaci kolem
vlastnosti takového odhadu trochu komplikuje. Piesto je takovy odhad konzistentnim’ odhadem
P(i,}), coz je pro nase ucely postacujici.

Dalsim problémem, pii odhadovani, mohou byt n¢jaké specifické vlastnosti matice P. Zde,
z deklarovaného uziti, plyne P(i,j) > 0. Tj. pravdépodobnost toho, Ze se z libovolného stavu
,,V jednom kroku®, 1ze dostat do libovolného jiného nebo zistat je nenulova. To by nam vyse
uvedeny, frekvencni, postup nemusel zarucit (zvIast' pfi malém poctu pozorovani = zero
frequency problem). Proto uzijeme Bayesovské odhady za ptedpokladu rovnomeérného
apriorniho rozdéleni (napt.[4]), kde v uvedeném pftipade k = 4:

~ .. n@pH+1 n@GjjH+1
P@i,j) =—F =— ;
n(i) +k n(i) + 4
Opét se jedna o konzistentni odhad.
Pokud mame k dispozici n&jaky vhodny odhad P matice P miizeme konstruovat odhady
dalsich, odvozenych, parametri, jako jsou:

i,j =0,1,23. (3.3)

6 Jedna se o postup volné analogicky diferencovani v &iselnych ¢asovych fadach.
" Diikaz lze provést s vyuzitim vlastnosti multinomického rozdéleni.
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1. Odhad stacionarniho rozdéleni pravdépodobnosti vyskytu ve stavu, tj. plge =
plLiacP. Jedna se o model ustaleného stavu po ,,odeznéni vlivu néjakého Soku.

2. Odhady stfednich dob (ptipadné i jejich rozptyld) setrvani ve stavu.

3. Odhady stiednich dob (piipadné i jejich rozptyl) navratu do stavu pokud se fetézec
vychylil ze sledovaného stavu.

4. Odhady stfednich dob (pfipadné i jejich rozptyli) pifechoda z konkrétniho stavu do
konkrétniho stavu.

5. Atd.
Uloha ad 1. bude pro nés text dileZita a to pro odhady konkordance comncr. Jedna se vlastnd

o odhad souctu pravdépodobnosti
plstav 3 = roste — roste], + p[stav 0 = klesa — klesa] , . (3.4)

Uloha ad 2. ma smysl v interpretaénich vyrocich typu: Jak jesté dlouho vydrzi sou¢asny vztah
mezi kurzy?
Uloha ad 3. ma napf. smysl v interpretaénich vyrocich typu: Za jak dlouho se chovani obou
sledovanych a porovnavanych kurz vrati (po vychyleni ze souhlasného) do souhlasného
rezimu (roste-roste, klesa - klesd).
Uloha ad 4. ma smysl v interpreta¢nich vyrocich typu: Za jak dlouho se chovani obou
sledovanych a porovnavanych kurz dostane do souhlasného rezimu (roste-roste, klesa-klesd)
ze soucasného nesouhlasného.

Zde se nebudeme zabyvat konstrukci jednotlivych i odvozenych odhadti. Pro motivaci
odkazujeme napt. na [3] a na né¢jakou ucebnici statistiky napt. [5].

4. Ziskané vysledky

4.1 Kurzy riznych mén v jedné zdrojové méné

Tabulka 3: Denni kurzy cizich mén vyhlasované CNB V jedné zdrojové méné

Data: Denni kurzy cizich mén vyhlasované CNB z obdobi 3. 2. 2011 - 6. 4. 2017,

www.cnb.cz® . T = 5 kota¢nich dnti.

CZK per EUR a CZK per USD
_ — g Matrix of mean
B . - . Stationary probablities :-; transition times,
s ES“ma[:g;:ze"fc"jﬁ',:';)mamx' p(o’o)f p(O)i 03431l [Mean recurrence (stay) time b to state (column)
g p@01)=_ p@)= 0,181 10,0=] 0= 367 @
§ PO p@= | 0145 0.0=] t()= 227 | §
i pP(LL=  pE= 0,331 Lo 1= 201 L [oo[o1[10[11
0,0 0,1 1,0 1,1 Suma = 1'000 ( ’ )_ ( )_ 2
0 L 2 [ s WL)=| t@3)= 3,43 01 11213
e e e | [Poflzozloselinar 64z
3 3 3 3 3 oncordance coeficien b
10]2 0,251 0,045| 0,503| 0,201 O’l 1 6'96 5'52 13'26 6’22
1,1]3] 0,068 0,130] 0,094] 0,708] 1,0[2]6,06(11,18[ 6,89| 6,83
1,1]38,48] 9,48[12,01] 3,02
U stacionarnich Tyto hodnoty
ravdépodobnosti Y naznacuji, Ze ob¢
s x ., pravacp Odhady stfednich dob | . hacyl, .
9 /4 r W
Je vidét, ze dominuji mizeme pozorovat Casové fady tihnou vice
M . . . setrvani ve stavu op€t
pravdépodobnosti dominanci referuie konkordantni ke
zustavani ve stavu. pravdépodobnosti p ! stavy konzervativnimu chova
vyskytu ' ni (ve smyslu
v konkordantnich vzajemného vztahu).

8 Zhodnocovani (¢i znehodnocovéni) zde znamena zhodnocovani CZK vii¢i méné, ve kterd je Casova

fada.
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stavech.
Pravdépodobnost
souhlasného chovani
je cca 2/3.
Pokud ¢inime kvalitativni vyroky o dlouhodobéjsim chovani CZK vi¢i EUR a USD neni tieba
odliSovat mezi obéma cilovymi ménami.
CZK per HRK a CZK per EUR
z Matri
5 - — o atrix of mean
g Estimation of transition matrix, Stationary probablities :: transition times,
g to state (column) p(0.0=  p(O)= 0432 [Mmean recurrence (stay) time et to state (column)
H p(0,1)= p(L)= 0,084 — — n
R o oo T o000z 1(0,0=] t(©Q)= 420 | £
E 0,0 0,1 1,0 11 p(1,1)= p(3)= 0,392 t(o’l)f t(l)f 1,60 L% 00011011
T2 5| [Suma= 1,000 :82;: :g;: ;’gi o 1| 2 | 3
Rl oo ool | [earoance e 82,30 — 2 oTel .51 17.34[ 16,86 6.77
2 : 4 : : Concordance coeficient 0,648
1,02 0,262 0,025] 0,405 0,308 0,1|1]4,44[11,88(17,36| 5,48
113 0,129 0,062| 0,069 0,740' 1,012]5,11]|18,25/10,88| 4,89
1,1]3]6,26]17,27[16,33] 2,55
Ob¢ tady tihnou ke
, y R . o konkordantnim stavim.
Vyrazné dominuji Jinak vyjadieny , . ” S
< . o Vyrazna preference Pti vychyleni ze stavu
pravdépodobnosti vedlejsi vyrok. g . g
AR < setrvani je daleko rychlejsi
zustavani Pravdépodobnost .
; . g v konkordantnich pohyb ke
v konkordantnich souhlasného chovani . .
e stavech. konkordantnimu nez
stavech. je vetsi nez 4/5. .
nekonkordantnimu
stavu.
Je ztejmé, Ze kurz CZK per HRK je stanovovan v silné vazbé na kurz CZK per EUR
(zprostifedkované ptes trh, nebo pfimo metodou stanoveni).

Tabulka 4: Denni kurzy cizich mén vyhlasované BoE V jedné zdrojové méné

Data: Denni kurzy cizich mén vyhlaSované BoE z obdobi 27.4.2005 - 15.8.2013,

http://www.bankofengland.co.uk/Pages/home.aspx ° . T = 5 kota¢nich dndL.

GBP per CZK a GBP per USD
’g o ! ) Stationary probablities § Matrix of mean transition
g Es"matlgr;tgfte"?clslﬁln:;)mamxY p©.0= pQ)= 0.272{ [Mean recurrence (stay) time || | & to st :Imes]
5 p(0,1)= p(1)= 0,234 10.0)= 0= 5o g o state (column)
5 1,0= 2)= 0,232 o — : £
£ pgﬂ;: pgs;: 0,262 10.1)= t()= 2620 | 2
0,0 0.1 10 [ 11 Sp ) p To00 (L,0)= 1(2)= 2,86 00 [ 01 ] 10 [ 11
0 1 2 3 uma= 1 t(1,1)= 1(3)= 286 0 1 2 3
0,0/0] 0,654 0,159| 0,133| 0,054/ [Concordance rate 53,4099 L i 00lol 3671 827] 9.47] 947
01/l 0,186 0619] 0,028] 0167l [cpncordance coeficient 0,068 ol 72l 227 1123 781
1,0|2] 0,155 0,033| 0,650 0,162 ] : s s ]
1,113] 0,056 0,147 0,147 0,650} 1,0(2) 7,77 10,49 4,31 7,79I
1,13] 9,14 8,59 9,09 3,82
Rozlozeni
pravdépodobnosti
vyskytu ve stavu je s
Dominuii y }r’)trakticky J Rychlejsi névrat do
y J . . s Jinak vyjadieny levy soucasného stavu,
pravdépodobnosti rovnomérné. Vyskyt worok omaleisi dosazeni
setrvani ve stavu. V konkordatnich yrok. p ‘inéljlo stava
stavech je prakticky J '
shodny s vyskytem v
nekonkordatnich

® Zhodnocovani (¢i znehodnocovéni) zde znamena zhodnocovani GBP vii¢i méng, ve kterd je Casova
fada.
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Jedna se o ptiklad dvou kurzovych tad v jedné zdrojové méne¢, u nichz z chovani jedné nelze piilis
usuzovat na chovani druhé®,

GBP per CNY a GBP per JPY

B Stationary probablities g Matrix of mean transition
2 Estimati f transiti trix, — — - ~ times,

s S| |ma:gnst(;[erz:r;sllu|;2)ma rix ngvg: pg;: gvigg Mean recurrence (stay) time I % to state (column)

: p(1’0): p(2): 0.131 40.0)= 4O 373 :

5 Moo 01 To [ 11 PLY)= pl)= : 1(0,1)= (1)= 2,02] | s [00 Jo1 [ 10 [ 11
e — - 2 5 ) (B0 pO- 2 1(L.0)= 2= a3 | = o Te o s
0.0[o] 0,732 0,105| 0,091] 0,072 |Suma= 1,000 (L.0)= @z= d 0.0lol 287] 10.32] 12.31] 7.80
01[1) 0211 0,505[ 0,012| 0,272 (Concordance rate 70,40%9 t(l‘l): [(3): 3'38| 0.1[2] 6,70 6,05] 13,79] 5,48
1 E 5ol o108l o704 |Concordance coeficient | 0.408 1,0[2| 6.26] 11,40] 7,65] 5.68|

1,1[3] 8.24] 10,05] 11.86] 2,81]
Po vychyleni
Dominuji Dominuji Y - z konkordatniho
y . N . Stiredni doba setrvani , .
pravdépodobnosti pravdépodobnosti v nekonkordatnich stavu nasleduje
setrvani vyskytu ) .« , | rychle navrat do toho
s s stavech je cca polovicni L,
v konkordatnich v konkordatnich y e konkordatniho ze
nez v konkordatnich. ,
stavech. stavech. kterého bylo
vychyleno.
Jedna se kurzové fady s mé€nami od partnert ze zemépisné blizkého prostiedi, tedy se ob¢ se chovaji
(ve smyslu zmén) vyznamné podobng.

4.2 Kurzy riznych mén v riznych zdrojovych ménach.

Tabulka 5: Denni kurzy cizich mén vyhlasované BoE a CNB v riiznych zdrojovych méndch
Data: t = 5 kotacnich dnid. GDP per CZK = Denni kurzy cizich mén vyhlasované BoE

z obdobi 1.1.2007 - 15.8.2013, http://www.bankofengland.co.uk/Pages/home.aspx . CZK

per GDP = Denni kurzy cizich mén vyhlagované CNB z obdobi 1.1.2007 - 15.8.2013,

www.cnb.cz.
GBP per CZK a CZK per GDP
B Stationary probablities g Matrix of mean transition
= Estimation of transition matrix, p(0,0)= p(0)= 0,285 ° times,
] to state (column) p(0,1)= ()= 0.266 Mean recurrence (stay) time 3 to state (column)
B )= - s - — 2]
: b0 p)- 0.210 (0.0 ()= satl| | ¢
E pLL=__ PGS 0240] QL= U= 29241 | 2
0.0 0.1 10 | 11 - t(1,0)= t(2)= 2,82 00 [ 01 [ 10 [11
0.0]0 (? 698 - 0,158 02108 03036 Suma L200 W= 13)= 2,87 g Z 2 g
Ba]1] o054 0:658] 0.031] 0,158 Concordance rate_ - 0243 00)0] 351 7,80 10,95 11,12
0l2] 0171 0.035] 0,645 0.149] |Concordance coeficient 0,049 0,1|1] 8,26/ 3,77 12,35 8,72
1108|0039 0,160] 0,149 0,652 1.0]2] 7.84] 9,94 4,76] 9,04
1,1{3] 10,03[ 8,00 9,78 4,17
Vyrazné dominuji y . . 1 -
yrazt J! Pravdépodobnosti Z pohledu sttedni Zde je jinak
pravdépodobnosti , o . . . X 1 .
. , vyskytd v jednotlivych délky pobytu jsou vyjadieno to, co je
setrvani ve stavu (at . - . . 5 9 .
, stavech jsou prakticky jednotlivé stavy v pfedchozich dvou
konkordantnim nebo L “1 7 .
. rovnomérné rozdélené. podobné. pohledech
nekonkordantnim).
Jedna se o opacné kurzy avSak z riznych trhl. Ze stavu na jednom trhu nelze ¢init korektni zavéry o
trhu druhém (ve smyslu nekvantifikovanych zmén, jen vzriisty a poklesy)™.

Data: T = 5 kotacnich dni. EUR per CZK = Denni kurzy cizich mén vyhlaSované ECB
Z obdobi 1.1.2007 - 15.8.2013,

https://www.ecb.europa.eu/home/languagepolicy/html/index.cs.html, CZK per EUR =
Denni kurzy cizich mén vyhlasované CNB z obdobi 1.1.2007 - 15.8.2013, www.cnb.cz.
EUR per CZK a CZK per EUR

10 Samoziejmé zde jde o vyroky v del$im horizontu, nikoliv kratkodobé a to i kdyz se jedna o cca

tydenni porovnani (5 kota¢nich dnti).
11 Opakované, jedna se o kvalitativni pohled, nikoliv kvantitativné.
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= Stationary probablities g Matrix of mean transition
& imation of transi ix, - - - times,

2 ES“matlgr;toane"(aclslﬁ‘moz)mamx zgg%z Sg: 8’221 Mean recurrence (stay) time 33; to state (column)
£ bLO= b= 0.446 €00=1 0= 808 | £
£ pAO=  p@)= 0,012 10.0)= t()= 502411 2
060 0,11 1; 1,31 Sumé: 1’000 t(1,0)= t(2)= 4,96 00 [ 01 [ 10 1,1
5,0[0] 0,676, 0,069 0,050] 0,005| [Concordance rate 52974 (1= (3)= 1,50 0 1 2 3
oLl 0010 0804 01791 00100 Eoncordance coeficient -d 814 0.010 12,31 10,541 11,56 130.28
1,0{2 0,011 0,184 0,798 0,006 - 0,1(1] 91,61 2,17 5,86| 126,72
Lol oom R 1,0|2] 91,37] 5,69 2,24] 128,08
1,1|3] 88,42 4,59 5,01] 86,01
Dominuji . , y Projevuje se to, ze
» . Zde jsou vyznamng¢ . . .
pravdépodobnosti . idealizovany vztah , .
o, vysoké e . Uvedené odhady jsou
setrvani ve stavu. 9 . mezi obéma fadami je . y
o N pravdépodobnosti v jinou (zajimavou)
V piipadech ptechodu, , nepfima umera .
< . vyskytu , prezentaci
pak pravdépodobnosti o (hyperbola) a mala Y .
y o v nekonkordatnich y predchoziho.
ptrechodi do pravdépodobnost
o . stavech. ,
nekonkordatnich stavil. vyskytu ve stavu 1,1.

Jedna se o opacné kurzy, prakticky deterministicky propojené. Bud’ ECB pouziva kurz stanoveny
CNB, nebo naopak. Nahodna slozka je vétSinove tvofena zaokrouhlovanim pii ptevodu z jednoho
kurzu na druhy a publika¢nim poctem desetinnych mist. Obé€, jak CNB, tak i ECB publikuji oba
kurzy v CZK per EUR.

5. Zavér a budouci rozvoj

Vypocetni modelovani bylo uskute¢néno pro denni publikované kurzy:

Tabulka 6: Analyzované kurzy

Zdroj Pocet kurzovych fad Zdrojova ména Z obdobi od do
CNB 28 CZK 2.1.2007 6.4.2017
ECB 27 EUR 1. 4. 2005 31.10. 2013
BoE 14 GBP 27.4.2005 15.8.2013
FRB 23 usD 8.1.2001 21.4.2017
Kfizové 11 parliz GBP, USD, EUR, CZK - -- 2.1.2007 15. 8. 2013

Konkordanci Ize popsat jako ,,pravdépodobnost souhlasného (kvalitativniho)“ prakticky (v
intervalu 1 — 30 kota¢nich dnil) nezavisi na ,,vzdalenosti T srovnavaného datumu. Ukazuje se,
ze pojem konkordance mezi asovymi fadami je vhodnym néstrojem pro kvalitativni klasifikaci
vztahu dvou ¢asovych fad.

5.1 Budouci rozvoj
Zména dvoustavového modelu (roste, klesd) na tfistavovy (roste, prakticky se neménil,
klesa). Novy stav by mohl byt zaveden napf.: zména viicéi srovnavanému datu (x(t — 7)) ¢ini
(v absolutni hodnot¢) nanejvys p % (p = 0.05, 0.1,...) z hodnoty ve srovnavacim dnu. Bude se
Oznaceni (roste, klesd) zavést podle znaménka smérnice piimky proloZené sledovanym
intervalem. Variantné¢ s detekci a vynechanim extrémnich hodnot. Variantné se zavedenim

stavu ,,prakticky se neméni* atd.
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Pension fund ALM models with stochastic
dominance

Sebastiano Vitali* Vittorio Moriggia?

Abstract

The main goal of a pension fund manager is sustainability. We propose an Asset and Liability
Management (ALM) model structured as a multi-stage stochastic programming problem
adopting a discrete scenario tree and a multi-objective function. Among other constraints, we
consider the second order stochastic dominance with respect to a market portfolio and we
compare the results with the expected value constraint and the standard approach. Numerical
results show that we can efficiently manage the pension fund satisfying liquidity, return,
sponsor’s extraordinary contribution and funding gap targets.
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Asset and Liability Management, Stochastic Programming, Pension Fund, Hedging Derivatives

JEL Classification: D81, G11, G22

1. Introduction

The main aim of this work is to suggest to pension fund managers that the state-of-the-art
multistage stochastic model can still be improved. Pension fund are typically managed via
ALM models which have been deeply explored in last fifty years.

One of the first ALM model is BONDS model proposed in Bradley and Crane (1972) and
Bradley and Crane (1980). The authors would help the bond portfolio manager to take
decision in an uncertain environment, but they do not explore the liabilities side in depth.
Thus, it is usually considered as an asset model.

At the end of the eighties and the beginning of the nineties, the MIDAS model has been
developed and several other ALM models have been proposed, cf. Kusy and Ziemba (1986).
In Dempster and Ireland (1988) one of the first asset and liability model focused on the
immunization of the liability side is described. The model is formulated in order to be applied
to a real electricity company and to handle its debt management properly (see also Dempster
and Ireland,1989 and Dempster and Ireland, 1991).

A typical approach is to adopt a multistage stochastic formulation such as the milestone
Russell-Yasuda Kasai Model described in Carifio et al (1994) and then analyzed in Carifio and
Ziemba (1998) and Carifio et al (1998). In the same years interesting and complete analysis of
the multiperiod stochastic problem applied to ALM problems considering the fixed income
investment has been done by Mulvey and Zenios, see e.g. Mulvey (1994, 1997), Nielsen and
Zenios (1996) and Zenios (1995). Later on, Mulvey's research on the Tower Perrin scenario
generation system evolved into the well known Towers Perrin-Tillinghast ALM model, see
Mulvey et al (2000).

Recent and innovative formulations of the ALM problem are proposed in Consigli and di
Tria (2012), Consigli and Moriggia (2014), Consigli et al (2011) amd Consigli et al (2017).
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Standard ALM model are not enough to precisely represent a pension fund management
problem for which specific features must be taken into account. Pflug and Swietanowski
(1999) proposes a ALM for pension funds paying a particular attention to both the asset and
the liability side modeling. To address the pension problem Consigli and Dempster (1998a,
1998b) introduce the CALM model which is specifically designed to handle the pension fund
management problem covering a long-term period and considering as liabilities different
types of pension contracts. A similar approach can be found in Dempster et al (2003).

The pension fund features are mainly related to two principal characteristics. The first is
the distinction between defined contribution and define benefit pension fund. In a define
contribution pension fund the final pension benefit is unknown at the beginning and it will be
the results of the contribution investment, i.e. the pensioner bears the risk; in a define benefit
pension fund the final benefit is known since the beginning of the pension contract, i.e. the
pension fund sponsor bears the risk. A specific focus for the defined benefit pension fund can
be found in Dert (1998).

The second distinction relies on the considered pension pillar. There exists three pension
pillars. The first is the state pension system, the second is based on the worker category and/or
on the employee's employer, the third is composed of private insurance contracts. For
instance, the InnoALM model proposed in Geyer and Ziemba (2008), Ziemba (2007)
considers a second pillar pension fund since it is built to manage the pension fund of an
electricity company.

Summarizing, the suitability of multistage approach to deal with ALM problems has been
proved correct on multiple occasions during the last twenty years. Nevertheless, in Mulvey et
al (2006) the authors suggest again a multiperiod model to increase the understanding of risks
and rewards in a long-term horizon framework for pension plans and other long-term
investors, see also Mulvey et al (2007) and Mulvey et al (2008). Comprehensive collections
are Zenios and Ziemba (2006, 2007) and Ziemba (1998).

Our work develops within the define benefit framework and considers a second pillar
pension fund. In particular, we propose an extension of Consigli et al (2017) because of the
adoption of stochastic dominance constraints.

The notion of stochastic dominance was introduced in statistics more than 50 years ago and
it was firstly applied to economics and finance in Quirk and Saposnik (1962), Hadar and
Russel (1969) and Hanoch and Levy (1969). Later on, the second-order stochastic dominance
constraints were applied to static stochastic programs in Dentcheva and Ruszczynski (2003)
and Luedtke (2008). In multistage stochastic programming, the second-order stochastic
dominance constraints were applied to asset-liability modeling in Yang et al (2010) and in an
individual pension allocation problem in Kopa et al (2016). Thus, our aim is to provide
evidences that stochastic dominance enhances the asset evolution dynamic guaranteeing a
better shape of the final wealth distribution.

2. Model description

We propose a ALM model for Pension Fund starting from the model described in Consigli
et al (2017). We adopt the same turnover and liquidity constraints as well as the inventory
balance and the cash balance constraints. Moreover, also the stochastic tree description is the
same proposed in Consigli et al (2017) which differentiates between decisional node and
intermediate node and considers the here-and-now stage at time 0, six decisional stages at
time 1, 2, 3, 5, 10 and 20 years respectively, and intermediate stages every 1 year. The
scenario tree is represented with the nodal notation and contains the asset coefficients both for
the price returns and for the income returns. For each node n we define t, as the
correspondent stage time.
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Our aim is to enrich the model in Consigli et al (2017) in order to take care of the whole
distribution of the final wealth and to be able to dominate a defined benchmark portfolio. As a
matter of fact, the portfolio obtained applying the model in Consigli et al (2017) suffers
extremely unexpected events since the protection of the portfolio is achieved uniquely by
diversifying the allocation. Moreover, the objective function aims to minimize the expected
shortfall not paying attention to the whole shape of the wealth distribution at the end horizon.

Therefore, our aim is to enrich the including second order stochastic dominance constraints
to prove that the optimal portfolio is better than a naive one and simultaneously to better
control the tails of the wealth distribution.

2.1 Stochastic dominance

The basic definition of Second order Stochastic Dominance (SSD) relations is as follows:
A random variable A SSD dominates a random variable B if the integrated cumulative
probability distribution function of A is below that of B.

If the random variables are discrete and each has equiprobable realizations then it is useful
to formulate the SSD conditions using a double stochastic matrix formulation as proposed in
Kuosmanen (2004) and Luedtke (2008). The case of equiprobable scenarios corresponds to
this setting, thus we adopt the double stochastic matrix to express the SSD condition.
Alternatively, one can use the notion of Dentcheva and Ruszczynski (2003), Post and Kopa
(2013) or Kopa and Post (2015).

In particular, if we define w, the vector of the optimal portfolio wealth realizations
occurring in all nodes at stage ¢ and similarly we define w? of a benchmark portfolio wealth
realizations occurring in all nodes at stage t then the optimal portfolio SSD dominates the
benchmark portfolio at stage t if and only if

w. > Q- wp
for some square double stochastic matrices Q, i.e. satisfying the following conditions:

ZQi,j =1

i

ZQi,j =1

]

The elements of Q have to belong to the interval [0,1], so each row and each column
represents a convex combination.

The benchmark portfolio is built assuming that it evolves on the scenario tree investing in
the same assets available for the optimal portfolio (except the hedging derivatives) and
suffering the same liabilities. Its specificity is that at each decisional node the rebalancing
follow the naive portfolio, i.e. the 1/N allocation where N is the number of assets, see
DeMiguel et al (2009).

A second formulation proposed to compared with the original model is the so called
Expected Value (EV) formulation in which we simply require the expected value of the
wealth obtained with the optimal strategy to be greater than or equal to the expected value of
the benchmark wealth:

E[w.] > E[w/]

2.2 Objective function

In the objective function we consider four target variables Y;, with j =1,...,4 at time
t/ = 1,3,10,20 respectively and for n such that t,, = t/. These variables are:
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Y; »: ajoint measure of the ALM risk and of the liquidity gap
Y, - a measure of the return adjusted by the risk
Y3 ,,: the cumulative sponsor contribution
Y, »: the difference between the DBO and the portfolio value, i.e. the funding gap
The ALM risk represents the risk associated with the portfolio allocation and it is measured
by a linear combination of the risk associated to each asset plus the investment risk. The
liquidity gap is a measure of the capacity of the portfolio to generate enough cash flows to pay
the current liabilities. The return risk adjusted measure captures the total return generated by
the portfolio weighed by the duration mismatch risk. The sponsor of the pension fund is asked
to contribute in case the portfolio is not able to pay the liability with the income cash flows
and with the selling (which is limited by the turnover constraint), therefore the sponsor is
interpreted as a lender of last resort, i.e. it intervenes only to avoid infeasibility of the
problem. We define the sponsor contribution as a direct liquidity injection in the cash balance
constraint and then we measure the cumulative contribution. The difference between the
DBO and the portfolio total value gives the idea of funding level of the pension fund and
could be easily interpreted as end-effect.
Finally, for a fixed initial portfolio and a given sequence of liability payments, we want to
find the optimal here-and-now allocation that minimizes the convex combination of the
shortfalls of variables Y; ,, at stage t/ with respect to fixed targets 7]:

\begin{equation}
4
minz A - Z - (Y, — Yin)
j=1

n|tp=t)Y;,<Y]

where 1, is the probability associated to node n, 4; is the weight associated to each target
and Y7, 4; = 1.

In the proposed solution we imposed 14, 1,, 4, = 20% and A; = 40%. Such weights could
be changed to test sensitivity of the solution to different sponsor target choices. We suggest to
keep higher the weight associated to the sponsor contribution in order to ensure the concept of
lender of last resort.

3. Empirical study

In Figure 1, we propose the solution of the original model proposed in Consigli et al (2017)
in which we adopt the described setting for the objective function. With respect to the initial
allocation, the portfolio moves to a safer solution reducing the exposition in the risky assets
(Public Equity and Corporates) and increasing the allocation in Cash. The final wealth
distribution is highly concentrated on the value that corresponds to the fourth target in the
objective function since it requires to reduce the shortfall to such target. The statistics of the
final wealth distribution show a relatively safe behaviour and a corresponding attractive
return. In Figure 2, we observe the solution of the EV model. The optimal is the same but the
final wealth distribution is slightly different. On the one hand, the solution keeps the same left
tail of the original model (V@R and AV@R are the same) but the mean value increases by
approximately 1.2%. Also the standard deviation slightly increases but since the left tail is the
same, it means that the increasing regards the right tail of the distribution and therefore it does
not imply an increase of the riskiness of the distribution. In Figure 3, we depict the solution of
the SSD model. Again, the optimal here-and-now allocation and the right tail of the final
wealth distribution are the same as the previous cases, but we observe a further increase of the
average wealth which is approximately 0.9% more than the EV solution and 2.2% more than
the original model solution.
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Figure 1: Original model solution — From left to right: initial portfolio allocation, optimal here-and-now
solution, empirical distribution of the final wealth, statistics of the distribution of the final wealth
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Figure 2: Expected Value model solution — From left to right: initial portfolio allocation, optimal here-and-now
solution, empirical distribution of the final wealth, statistics of the distribution of the final wealth
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Figure 3: Stochastic Dominance model solution — From left to right: initial portfolio allocation, optimal here-
and-now solution, empirical distribution of the final wealth, statistics of the distribution of the final wealth
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All the results are given by the implementation of a linear programming model solved by
CPLEX 12.1.0 in GAMS, with an Intel(R) Core(TM) i7-4510U CPU 2.60GHz with 8.00GB
RAM running Windows 10. Input management, parameter and coefficient computations, and
output analysis are performed in Matlab R2013b.

4. Conclusion

In this paper we analysed an extension of the ALM model proposed in Consigli et al
(2017) including stochastic dominance constraints. In particular, second order stochastic
dominance constraints were considered. The main goal was to compare the difference
between the shape of the distribution of the final wealth obtained considering the original
model, the EV model and the SSD model.
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We found the original model can be efficiently improved with both approaches since the
less tail of the distribution, i.e. the risky side, remains the same while the average value is
pushed up. The optimal here-and-now allocation does not change, then the optimal portfolio is
robust with respect of the model choice and the improvements are therefore achieved thank to
the dynamic solution. For future research, this study can be improved in various ways. For
example, a larger asset universe could be considered including derivative instruments and
some highly risky scenarios can be tested to stress the portfolio under crisis events.

Acknowledgement: The research was supported by the Czech Science Foundation (GACR)
under the project No. 17-19981S.
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Impact of Innovation Outsourcing on the Financial
Situation of Companies in the Czech Republic
Marek Vokoun*

Abstract

This paper contributes to the theory of firm by revealing an advantage for company growth that
is based on mixed (internal and external) involvement. Innovation external activities, in the
form of cooperation and external acquisition of knowledge and R&D, are analysed using
regression analysis in four Community Innovation Surveys (2008, 2010, 2012, and 2014) in the
Czech Republic. Cooperation proved to be beneficial to total amount of R&D expenditures per
employees. There is no additional effect of cooperation to sales of innovated goods. There is an
inverse U-shaped relationship between R&D expenditures per employee and the ratio of
external to internal R&D expenditures. The optimal ratio that maximizes the R&D expenditures
per employee is 282.4 to one. The optimal ratio that maximizes sales of innovated production
per employee is 70.1 to one.

Key words
External, acquisition of knowledge, R&D, cooperation

JEL Classification: 031, D23, L60, L80

1. Introduction

Innovation outsourcing is usually more cost-effective than in-house innovation activities.
However, there are disadvantages to it. Companies want to keep their secrets hidden from the
eyes of the competition and gain all the returns from inventions they introduce on the market.
They want to keep as much of the innovation process in-house. On the other hand, hiring and
keeping top talent employees is an incredibly hard and costly task. The risk of falling behind
competition in some industries is too high to avoid a certain level of cooperation and external
action. This paper deals with the issue of the innovation process and its partial outsourcing in
terms of cooperation and external contracting (acquisition of knowledge capital). The goal of
this paper is to analyse the relationship between financial and non-financial indicators of
innovation processes of companies and effects of (1) cooperation in terms of best innovation
partners and (2) optimal external to internal ratio of research and development (R&D)
expenditures in the Czech Republic between 2006 and 2010.

Being a part of group of companies is typical on the Czech markets and cooperation inside
of the group (vertically, horizontally or mixed integrated companies) is expected to be a
beneficial activity. There is a problematic distinction between external knowledge acquisition
when a company is in cooperation and is also part of a group of companies (Figure 1). There
are more possibilities where to acquire knowledge externally, namely in the form of market
contracts and contracts inside of the corporation-owned organizations. Economic agents are
typically entrepreneurs, suppliers, competitors, and specialized companies such as
laboratories, research institutes, as well as public organizations like universities and other
public research organizations.

1 Ing. Marek Vokoun, Ph.D., Department of management, Institute of Technology and Business in
Ceské Budgjovice, Okruzni 517/10, 370 01, Email: marek.vokoun@mail.vstech.cz. This paper is an
output of the scientific work of the Institute of Technology and Business in Ceské Bud&jovice, Czech
Republic. Proofreading by Livie Stellner, BA.
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Figure 1: Relationship between cooperation and external knowledge acquisition
Cooperation Knowl'edge ac-qmsmon, Place Main stakeholders
innovation
No Internal Company Employees, managers, owners.
External Market contracts | Economic agents.
Internal Company Employees, managers, owners.
Ves Market contracts | Economic agents.
External Inside of the Parent company and its
group companies.

Source: Own processing

Cooperation is considered to be an agreement between two or more companies. It is a
different contract than mere one-way external knowledge acquisition. The flow of knowledge
between cooperation partners is more complex and inventions are to some extent usually
shared between cooperation partners (innovation alliances, innovation projects, projects with
government). Cooperation agreements can have complex contents depending on the context
of the mutual innovation project.

2. Outsourcing, financial efficiency, and the theories of the firm

In terms of outsourcing and cooperation activities of organizations, economic theories of
the firm primarily focus on the role of transaction costs. The theories claim that the firm’s
growth continues as long as the internal organization of transactions is cheaper that the
organization of external transactions. In other words, the firm pays for partaking in the pricing
mechanism and utilizes other entrepreneurs on the market (Coase, 1937).

Economic research (Richardson, 1972) pursues the issue of classifying external and
internal activities of firms. Ronald Coase himself stated that his theory is too general and fails
to provide a complete description of transaction costs, which means that any variable can be
regarded as a determinant of firm boundaries (Georga and Halberstam, 2007).

This paper tests the hypothesis that a clear distinction of internal and external activities is
too restrictive since there are “hybrid” activities in research and development activities of
firms. These hybrid activities are assumed as an essential part of company growth and their
complete internalization to competitive environment is ineffective.

Current research suggests that there exists a type of optimal combination of external and
internal knowledge acquisition (Grimpe and Kaiser, 2010), which implies that external
innovation activities can be essential for competitiveness and further growth of firms.
Discovering new opportunities is based on interactions with and within the business
environment. Kim and Mahoney (2010) define a firm as a nexus of incomplete contracts. This
concept makes activities that are necessary for company growth possible. According to their
strategic theory, firms are not a nexus of complete contracts but they are in a contracting flux,
which allows firms to discover new threats and opportunities.

R&D outsourcing and open innovation are present in the small and mid-size enterprises
sector and in large companies as well. For SMEs, the driving force to enter external
cooperation or partnerships is mostly based on the lack of resources (Albors-Garrigos et al.,
2011; Bin Guo et al., 2015). Cooperating with public R&D institutions, in terms of innovation
outsourcing, is typical for successful patent companies (Fontana and Matt, 2006).

Open innovation has many levels of firm participation. A company can utilize
collaboration, outsourcing, licensing, trading, and incorporation of intangible assets; it can
participate in further development in the network (Lamberti et al., 2015). This view sees
companies balancing external and internal involvement.
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On the other hand, there is evidence that closed innovation strategy of the SME relates
positively to financial performance (Lee, Park and Song, 2009). It is possible to say that
without closed innovation strategy in the past, there would not be open innovation today. It is
clear that keeping R&D activities internal is beneficial and strategic for the firm, but it does
not have to be tactical. Some authors point out that there is a threshold for that (Baier et al.,
2013). For example, R&D offshoring is, in terms of increased sales, beneficial for SMEs
(Rodriguez and Nieto, 2016). Another paper suggests a complementary nature of internal and
outsourced R&Ds. The participation in a mixture of informal and formal networks means that
firms outsource relatively more R&Ds than firms relying on themselves or formal networks
only (Spithoven and Teirlinck, 2015).

3. Data and method

The fundamental method used during this project is econometric verification of data gained
from a questionnaire about innovations - the Community Innovation Survey (CIS).
Econometric verification of primarily panel data uses findings from estimating innovation
activities by simulating the innovation process (CDM model by Crépon et al., 1998) and by
using the descriptive characterization of the differences between firm groups.

Table 1: Summary of the number of observations by industries, CIS dataset, Czech Republic 2008-2014

Description of the industry Obs.
C | Manufacturing 12107
D | Electricity, gas, heat, and air conditioning. 580
E | Water supply; Waste and remediation activities 937
F | Construction 452
G | Wholesale and retail trade; Repair and maintenance of motor vehicles | 1630
H | Transport and storage 1556
I | Accommodation, meals and hospitality 164
J | Information and communication activities 1963
K | Finance and Insurance 843
L | Real estate activities 76
M | Professional, scientific and technical activities 1448
N | Administrative and support activities 476
C-N | Total 22232

Source: Own processing based on the data from Czech Statistical Office (2017)

The data is provided by the Czech Statistical Office (2017). In our sample (Table 1), we
kept only companies in the branches C (Manufacturing) to N (Administrative and support
activities) according to Statistical classification of economic activities in the European
Community (NACE). More than half of the observations are form the manufacturing industry
that is dominated by automotive and subsequent industries.

Table 2: Number of Employees, CIS dataset, Czech Republic 2008-2014

Number of employees | 0to9 | 10to 19 | 20t0 49 | 50 to 99 | 100 to 249 | 250 to 999 | 1000 +

Observations 0 6670 4669 3112 3557 3557 667

Source: Own processing based on the data from Czech Statistical Office (2017)

The issue of all Community Innovation Surveys datasets and subsequent analyses is
problematic representativeness (Vokoun 2016). Lack of micro companies doesn’t allow
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analysing the industry dynamics and competition pressure. The Czech dataset has a very good
representativeness of small companies (with 10 to 49 employees); however, no micro
companies (with 1 to 9 employees) are present in the data sample (Table 2).

Table 3: Summary statistics, CIS dataset, Czech Republic 2008-2014

Variable Obs. Mean S.D. Min | Max

Part of a group 22232 0.37 0.48 0 1
Product innovation 22232 0.25 0.43 0 1
Process innovation 22232 0.15 0.36 0 1
New to the market innovation 7087 0.58 0.49 0 1
R&D expenditures - internal 7722 9021 67803 0 3977148
R&D expenditures - external 6874 9222 | 180345 0 10900000
R&D expenditures — knowledge acquisition 6680 1768 32283 0 2221973
Cooperation 9715 0.44 0.50 0 1
Sales 22232 | 937277 | 6603801 2 | 362000000
Number of employees 22232 193 799 10 36332
Foreign owned company 22232 0.31 0.46 0 1

Source: Own processing based on the data from Czech Statistical Office (2017)

Financial data is in thousands of the koruna (CZK) and the estimation process requires
logarithmic transformation. There are 37 % companies that are part of a group of companies,
38 % are owned by a foreign entity, and around 44 % of them cooperated on innovation. The
mean value of external R&D is slightly higher then in-house R&D expenditures. Around 58
% of innovators introduced new to the market innovation. Innovators are considered those
firms that introduced new product (25 % of companies) or new services (15 % of companies).

Table 4: The model of estimation as a recursive system of three econometric equations

Heckman - lifry = (XuBy+pi+ 5it1) >0
Procedure i 0 otherwise (r; < 0)

ki =In(k;) |(rie > 0) = Xp4B, + p; + &4, with Df(k;) = (0, )
GLS/OLS | ti = In(t;)|(ki > 0) = X3;83 + p; + akj, + &, with Df(t;;) = (0, )

Where Xniyfn ‘s (with n = 1, 2, and 3) are vectors of explanatory variables and &t ‘s (with n
=1, 2, and 3) are random-error terms. The error terms are assumed to be independent on the
exogenous variables. The system of three econometric equations (Table 4) allows for arbitrary
correlation among the three disturbances. The vector of parameters to be estimated is denoted
S (with n =1, 2, and 3) and the single parameter to be estimated in the third equation is a.
Thepi represents fixed or individual effects. In both equations, there are a number of potential
determinants (Xnitpn°s); such as, a firm’s size, foreign ownership, being part of a group of
companies, cooperation, market orientation etc. Some of them are used uniquely to identify
each equation in a simultaneous estimation (see more in Hashi and Stoj¢i¢ 2013).

The first equation (ric’) accounts for selection (Heckman procedure) into R&D activities.
This is specified as a panel version of Probit model, i.e. P(ri’ >0) = ®(X1ifp1), where rii” equals
1 if firm i is an innovator. Innovator is a firm that introduced new to the firm or market
product or service innovation in the last three years and reported nonzero R&D expenditures
in the year of the survey. The second equation (ki") describes the log of total R&D
expenditures to the number of employees in a firm i, conditional of being an innovator firm.
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Both equations (rir'and ki") are estimated together and it is controlled for selection bias using
non-selection hazard variable (Mill’s ratio) in the second equation (Heckman 1976).

The third equation (ti*) models (using fixed effects and random effect estimation
procedure) the innovation log of sales of goods and services to the number of employees.
Here the aim is to estimate the input-output innovative elasticity (o). The CDM model has
also fourth linear equation which describes labour productivity, which relates the log of sales
of goods and services to the number of employees. However, the Czech Statistical Office is
reluctant to provide sensitive data about fixed assets of surveyed companies. Technological
level of industries is based on the European Commission (2017) classification of industries.

4. Results

The first model in Table 5 describes factors that influence the decision to innovate. This
model provides average marginal effects. One unit change in the log of number of employees
variable (approximately increase of 10 %), increases the probability of being innovator by
3.19 %. Foreign companies have lower probability to innovate and the decision depends
substantially on the technological level of the industry. There are other factors influencing this
decision but in this paper they were included to control for selection bias in model 2 and 3
(Table 5). For example, further market orientation and being part of a group of companies
increases the probability of being an innovator. A negative contribution to the probability to
innovate has the problem of finding a good cooperation partner and the company headquarters
outside the capital city.

Our hypotheses were tested in the second and third model (Table 5). We have evidence
that there is a statistically significant relationship between cooperation and the amount of
R&D expenditures per employee. Some cooperation partners are better than others. For
example, cooperation with public sector contributes on average up to 98.4 % higher amount
of R&D expenditures per employee. Other important partners are companies inside the group,
suppliers, clients, and competitors. Insignificant are partners from higher education sector and
private laboratories.

There is no additional effect of cooperation and all the partners to the ability to capture
profits from innovated goods in Model 3 (Table 5). We observe only the positive innovation
input output elasticity. On average, 10 % increase in R&D expenditures per employee (which
is increased by cooperation) lead to 0.7 % increase in sales of innovated production per
employee.

The testing of the hypothesis about optimal external to internal R&D expenditures ratio
provides statistically significant results. The ratio has a non-linear effect on R&D
expenditures per employee and sales of innovated production per employee as well. In both
cases decreasing returns from the ratio is observed. The optimal ratio that maximizes the
R&D expenditures per employee is 282.4 to one. The optimal ratio that maximizes sales of
innovated production per employee is 70.1 to one. These results are robust to panel
heteroscedasticity and technological level of the industry. However, the average ratio is lover
(0.9) and the mean value of this ratio is even lower (9.4e-05) and the results are to some
extent influenced by outliers. We can expect industry specific ratios. However, random effect
estimation was not possible because it provided biased coefficients (inconclusive Hausman
and Sargan-Hansen test statistics).
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Table 5: Regression results of innovation process, CIS dataset, Czech Republic 2008-2014

Model number (€8] (2) 3)
Decision to be Log of R&D Log of Sales of innovated
Equation innovator expenditures per production per employee
employee
Estimation method PROBIT OLS OLS
Log of number of 0.319*** 0.018 -0.068
employees (0.02) (0.19) (0.17)
Foreign owned -0.254*** -0.035 -0.098
(0.04) (0.21) (0.17)
Technological level 0.609*** -0.572* -0.772
(0.04) (0.30) (0.61)
Linear trend 0.036*** 0.039** -0.005
(0.01) (0.02) (0.02)
R&D ratio 2.59e-02*** 3.46e-04
External to internal (0.01) (0.00)
R&D ratio -4.56e-05*** -2.47e-06
External to internal square (0.00) (0.00)
Cooperation 0.391** 0.149
- group (0.15) (0.12)
Cooperation 0.355** 0.043
- suppliers (0.15) (0.12)
Cooperation 0.349*** 0.132
- clients (0.13) (0.11)
Cooperation 0.685* 0.009
- public sector (0.38) (0.24)
Cooperation 0.398* 0.128
- competitors (0.20) (0.23)
Cooperation 0.214 -0.102
- labs (0.19) (0.20)
Cooperation 0.170 -0.081
- universities (0.17) (0.16)
Log of total R&D 0.070**
expenditures per employee (0.03)
Constant -75.260*** -73.993** 16.558
(14.73) (33.21) (33.97)
Observations 21803 4067 2383
Adjusted R? 2.2 % 2.6 %

Source: Own processing based on the data from Czech Statistical Office (2017). Note: Robust standard errors in
parentheses, * p < 0.10, ** p < 0.05, *** p < 0.01, average marginal effects in Probit model.

5. Conclusion

Outsourcing activities in the form of cooperation and external contracting (acquisition of
knowledge capital) were analysed in four Community Innovation Surveys (2008, 2010, 2012,
and 2014) in the Czech Republic. Cooperation, in terms of best innovation partners, proved to
be beneficial to the total amount of R&D expenditures per employees. The best partners are
the government, clients, suppliers, competitors, and partners inside parent group of
companies. No statistically significant effect is observed in partners from universities and
private labs. The additional effect of cooperation is not observed. There is no statistically
significant relationship between cooperation and sales of innovated goods. There is only a
positive relationship between sales of innovated goods and R&D expenditures per employee
which are increased by cooperation.
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There is an inverse U-shaped relationship (decreasing returns) between R&D expenditures
per employee and the ratio of external (Purchase of research and development services and
Acquisition of other external knowledge) to internal (in-house research and development)
R&D expenditures. The optimal ratio that maximizes the R&D expenditures per employee is
282.4 to one. The optimal ratio that maximizes sales of innovated production per employee is
70.1 to one. Due to the positive skewness of the ratio it is expected that these results are
industry specific.

This paper contributes to the theory of firm by revealing advantage for possible company
growth that is based on continuous external involvement. The level of internalization of
innovation activities is not 100 % because it would prevent that company to grow and
compete in the market. There is an optimal ratio of external to internal involvement. This
involvement is most likely industry and country specific. Higher external involvement
(external to internal ratio > 1) is observable in the Czech Republic.
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The impact of financial ratios dynamics on
company’s performance

Aleksandra Wojcicka*

Abstract

In credit risk assessment, many models and methods are used. Many approaches use financial
ratios to establish company’s performance as the data is relatively homogenous and easily
accessible. Usually the assessing institution (e.g. bank) sets a specified range for a given
financial ratio. The level of ratio within that range is desirable and is supposed to prove that
company is in good condition.

The paper investigates the idea that it is not the absolute level of the ratio, or the range they fall
into, that is informative but the change (quarterly or annually) that brings the most important
hints regarding actual situation of the company. The changes (positive / negative) between the
values of chosen annual financial ratios and their influence on future performance of the
company in one- and two-year horizon as well as their ultimate survival or default are
presented.
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1. Introduction

The search for ratios which can be regarded as credible factors revealing early symptoms of
deteriorating condition of a company goes ack as far as the beginning of 20" century. The
decline in performance consequently leads to bankruptcy. The accurate assessment of default
threat reduces the risk not only for the company itself but also for related entities. Therefore,
the studies in that field seek for methods which reflect the possibility of bankruptcy most
accurately.

Models and methods used in credit risk assessment base on various input (endogenous and
exogenous data). However, models of so-called “new approach” to credit risk require data
which is usually rare, inaccessible or absent on Polish financial market. Therefore, many of
those approaches use financial ratios to establish company’s performance. This is due to the
fact that data is relatively homogenous and easily accessible. It is believed that they are the
best source of information on company’s standing. Usually a specified range for a given
financial ratio is established. Yet, many companies permanently reach the level out of that
range (which is regarded as unfavourable) but still manage to survive and, on the other hand,
some companies have exemplary levels of financial ratios and still are eventually declared
bankrupt. Moreover, companies sporadically can influence the results presented in individual
financial statements, especially if they plan to apply for external financing. However, they
cannot do it indefinitely. Therefore, a single set of financial statements is not very informative.
Only the comparison of the changes occurring in the company can provide an in-depth insight
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into its actual condition for it is mostly the interpretation that gives the bigger picture of
company’s situation.

The paper investigates the idea that it is not the absolute level of the ratio, or the range they
fall into, that is informative but the change (quarterly or annually) that brings the most
important hints regarding actual situation of the company. The changes (positive / negative)
between the values of chosen annual financial ratios and their influence on future performance
of the company in one- and two-year horizon as well as their ultimate survival or default are
presented.

2. Methodology and data

The paper investigates the classification of borrower (debtor) basing on chosen financial
ratios which in Polish economy reflect the standing of the companies in the most accurate
way. The ratios were used basing on their dynamics understood as the change (positive or
negative). The increase or decrease can be both, positive or negative, depending on the
character of the financial ratio.

The collected data, used in the research, was obtained from a bank operating on Polish market,
the Commercial Court in Poznan, Poland and from NOTORIA SERWIS. The data cover a
period of ten years (2006 — 2015). It refers to companies from construction sector. The sector
covers a wide variety of companies, regarding their legal form, assets value etc. The choice of
construction sector was dictated by the fact that companies in this sector suffered
tremendously as the after-effect of the economic crisis which started in 2007-2008. A lot of
companies (developers, main contractors and sub-contractors etc.) were declared bankrupt. In
tested period, the default in construction period happened more often than in other sectors
(Wojcicka, 2016a; 2016b; 2016c) — after the financial means were already granted (in the
duration of the loan or corporate credit)2. Hence, this is one of the sectors which caused banks
a lot of trouble. Additionally, no matter how unfavourable the situation was for banks, it also
delivered a lot valuable data for the research (the data of defaulted companies or companies in
distress while their situation was rapidly deteriorating soon after the positive decision of the
bank). Summing up, it is beneficial to recognise the factors (the size of change; ratios’
dynamics) which can indicate future problems in construction sector.

The sample contains financial statements of companies which include a balance sheet, an
income statement, a cash flow statement and a statement of changes in equity. All the data
(despite the source) went a prior verification to ensure the comparability of data. The
verification came down to establishing whether the above-listed financial statements provided
the data needed to calculate 22 financial ratios (of liquidity, efficiency, profitability, debt)
shown in table 1 (Tyran, 2001; Woéjciak, Wojcicka, 2007; 2008; 2009; Wojcicka, Wojtowicz,

2009).
Table 1: Ratios used in the analysis
Ratio’s name Abbrev. Ratio’s name Abbrev.
Acid-test ratio ATR Financial surplus rate FSR
Quick ratio QR Long-term debt ratio LtDR
Receivables ratio RsR Current assets turnover ratio CATR
Stock turnover ratio STR Short-term investments turnover ratio StIT
Receivables to liabilities ratio RsLR Operating activity profitability index OAPI
Gross profit margin ratio GPMR Assets profitability index API
Net profit margin ratio NPMR Equity profitability index EPI
Sale profitability index SPI Costs increase ratio CIR
Costs level ratio CLR Sales dynamics SD
Total debt ratio TDR Operating ratio OR

2 The comparison of default frequency was run for construction, trade and industrial sectors.
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| Equity debt ratio | EDR ] Self-financing ratio | SR |

If the statements were incomplete than the company was rejected from the sample. For the
research, a balanced sample of healthy and unsound companies is needed. In the study,
unsound companies were matched with healthy businesses similar in assets value and sector
of economy (construction). The final sample consists of 136 companies (68 unsound and 68
healthy companies). The entire sample was divided into two independent sets: learning (75%)
and testing (25%). The learning group is the set which was used to set the ranges of changes.
The test group was used to revise whether basing on those ranges it is possible to credibly
assess the possible default of he company.

3. Findings

The ratios were examined in two different ways. The first approach included examining a
single ratio at a time. The other approach involved examining the dynamics of ratios and
efficiency of debtor’s classification in case of limited set of ratios (a sub-set). In this sub-set
those ratios were removed which did not give a clear answer to whether company should be
classified as healthy or unsound. It must be stressed that the level of a particular ratio was not
the matter of research but it relative change. The change of the ratio was always compared
progressively between two corresponding periods ti and ti+1 and was expressed in percent (%).
Usually it was possible to draw a line between the level of change for an individual ratio for
good and bad borrowers (17 ratios). However, in case of some ratios (remaining 5) a grey
zone appeared. A “grey zone” in the research means that indicated changes of a ratio occurred
for both, healthy and unsound companies. Therefore, it is impossible to classify such change
into one of two groups. The changes also involved increases and decreases. The results of that
approach are presented in table 2.

Table 2: Changes of ratios (in %) for healthy and unsound companies.

Ratio’s name healthy grey zone unsound
increase decrease increase decrease increase decrease
Acid-test ratio | 0,45-0,98 | 0,03-1,21 - - >0,34 3,25-10,01
Quick ratio | 0,66-1,03 >1,13 - - 0,01-0,48 <0,56
Receivables ratio | 1,32-2,98 | 2,24-3,32 - 2,24-2 .67 >431 0,09-2,67
Stock turnover ratio | 0,96-3,33 | 3,33-6,78 - - > 3,51 <2,88
Receivables to liabilities ratio | 1,73-1,14 | 0,79-6,41 - - > 0,43 > 8,43
Gross profit margin ratio | 0,85-4,15 | 1,23-5,15 - 4,87-5,15 <0,67 4,87-23,43
Net profit margin ratio | 1,22-4,07 | 3,33-4,78 | 3,40-4,07 - <3,40 7,14-21,99
Sale profitability index | 2,04-4,11 | 2,67-4,12 - - 0,00-1,14 | 4,89-15,15
Costs level ratio | 0,18-2,33 | 2,21-4,41 - - 2,99-14,08 | 1,13-1,98
Total debt ratio | 1,17-3,09 | 3,15-6,76 - - 6,27-33,98 | 1,01-2,78
Equity debt ratio | 0,99-2,87 | 2,67-5,55 - - 3,12-8,90 <255
Financial surplus rate | 4,34-10,15 | 3,12-7,33 - - <0,67 9,03-47,51
Long-term debt ratio | 2,22-4,31 | 1,68-5,05 - - 4,68-9,92 <123
Current assets turnover ratio | 3,38-5,44 | 0,57-3,65 - - <252 4,04-9,75
Short-term investments turnover ratio | 0,45-0,85 | 0,77-1,03 - - <0,18 0,03-0,61
Operating activity profitability index | 2,18-5,29 | 0,34-3,88 - - <0,05 > 4,17
Assets profitability index | 1,15-5,43 | 0,12-3,99 - - <023 >5,04
Equity profitability index | 0,88-3,33 | 1,12-4,32 - - <0,75 5,75-12,33
Costs increase ratio | 0,36-2,43 | 0,76-2,19 - - 3,41-9,97 <0,55
Sales dynamics | 1,12-4,32 | 1,08-3,21 - 2,99-3,21 <0,96 2,99-11,01
Operating ratio | 0,98-3,33 | 0,56-4,44 - 3,87-4,44 <0,77 3,87-5,54
Self-financing ratio | 1,01-3,13 | 0,47-2,22 - - <0,98 3,23-7,73

The analysis shows that it is possible to classify the entities into following groups of good
or bad companies depending on the level of change (increase, decrease) of the financial ratios.
However, for the classification needs, the approach to categorise an entity into a group, range
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or rating was borrowed from bank practise. This practise not only classifies those companies
into an individual group which fulfil the requirements entirely but also those which miss not
more than one criterion (the final decision belongs to the analyst).

Basing on the results we can clearly state that the most helpful are the ratios from debt
group which do not indicate any grey zone and the levels of their dynamics can be interpreted
unequivocally i.e. the entities can be classified into a group of healthy or unsound companies
depending on the direction and value of the ratio’s change as in case of 17 ratios it is possible
to draw a clear line between the levels of changes.

In the second approach, the most problematic ratios: Receivables ratio, Gross profit margin
ratio, Net profit margin ratio, Sales dynamics and Operating ratio were removed from the
analysis. It was assumed that the ambiguity of their indications could deteriorate the final
efficiency of classification.

To check the efficiency of the presented approach an independent sample of entities (test
group) was used. The simple approach of type Il error was implemented. It means that banks
recognise a bad customer as a good customer and accept its application and grant financing
which is very likely to lead to customer’s insolvency and bankruptcy. Type I error was not
considered as it is less harmful for the bank. Due to rejection of good customers the bank can
lose significant amount of money in a form of “lost opportunities”, however it is seen as “a
virtual loss”. The result is very promising as the type Il error reaches merely 5,88%. In
comparison to other methods, e.g. neural networks (Wojcicka, 2016a; 2016b; 2016¢) and
Discriminant Analysis (Piasecki, Wojcicka 2017) is efficient. The results presented for neural
networks involve best architectures for Multi-Layer Perceptron and Radial Basis Function
selected in previous research and Discriminant Analysis involve 8 models of Polish authors.

The results are shown in table 3.
Table 1: Type Il error for chosen methods

Method type Il error (%)
Dynamic Approach Financial ratios (full set) 5,88
Financial ratios (limited set) 2,94
Discriminant Analysis Gajdka and Stos 7,33
Hadasik 6,67
Wierzba 8,67
“poznanski” 8,67
Prusak 8,67
Appenzeller and Szarzec 5,67
Maczynska 5,67
Maczynska i Zawadzki 4,33
Neural Networks MLP 10,00
RBF 13,33

This error is considered in one-year horizon from the potential decision taken by a creditor.
The results show that only 3 models of discriminant analysis reached better efficiency than
dynamic approach (22 financial ratios — full set; 5,88%). They are as follows: Maczynska i
Zawadzki (4,33%), Appenzeller and Szarzec (5,67%) and Maczynska (5,67%). According to
previous research neural networks work better if they are especially calibrated in relation to
the number of ratios and sector of economy. However, the limited set (17 ratios) proved to be
significantly better with a level of type Il error reaching merely 2,94%. In two-year horizon,
the efficiency slightly drops reaching the level of 11,76% and 8,82% respectively for the full
set and limited set of ratios.
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4. Conclusions

Making a wrong loan-granting decision can result in big financial losses. Therefore, credit
risk estimation and correct classification of customers is a valid, up-to-day, significant issue.
The objective of the research was to prove whether chosen method is characterised by
increased accuracy and decreased time-consumption. This would mean more creditworthy
applicants are granted financing and thereby increasing bank’s profits and. on the other hand
the method is relatively easy and intuitive.

The dynamic approach proved to be useful and relatively formalized. In comparison to
other methods tested in previous research, it reached satisfactory level of efficiency depending
on the set of ratios and 1- and 2-year horizon.

On the basis of the performed experiments a conclusion can be drawn that the dynamics of
ratios (the range of change) is helpful in correct classification of healthy and unsound
companies - potential clients of a bank.

The further research, combined with the prior study of input data, should follow the line of
accurate selection of the ratios, depending on the business sector. In author’s opinion, it is
essential to implement in further research various methods of including and excluding the
variables — preferably, independently for each method and for various sectors of economy.
Moreover, one of the further directions of currently ongoing research, may lead to broadening
the set of exogenous factors which, in author’s opinion, significantly influence credit risk.
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Determination of Risk Measure by Assuming
Laplace Distribution

Katefina Zelinkova !

Abstract

Traditional model of Value at Risk suppose normal distribution which are very often not
supported by real-life data because of heavy tails and asymmetry present in these data.
Therefore it is appropriate to use another distribution. Laplace distribution can find most
interesting and successful applications is modeling of financial data. The aim of this paper is
determination Value at Risk by assuming Laplace distribution for different financial time
series. We will expect, that it is appropriate for short time series then longer time series.
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1. Uvod

Standardem pro méfeni a fizeni trznich rizik je ukazatel hodnoty Value at Risk (VaR), jez
kvantifikuje maximalni ztradtu, ktera nebude se zvolenou pravdépodobnosti piekrocena
v horizontu n¢kolika nejblizsich dni. Problematika Value at Risk je popsana v celé fadé knih
napft. (Alexander, 2008), (Holton, 2003), (Hull, 2007) a (Jorion, 2007).

Tradi¢ni rozdé€leni pravdépodobnosti pro vypocet Value at risk se pfedpokladd normalni
rozdéleni pravdépodobnosti. Nicméné, v praxi tento predpoklad plati jen ziidka, protoze
konce rozdéleni jsou siln€jSi neZ v normalnim rozdéleni. Jednou z moZnych alternativ je
pouzit Studentovo rozdéleni, které ma tézké konce nebo Laplaceovo rozdé€leni
pravdépodobnosti, jez je pfedmétem piispévku.

Cilem c¢lanku je stanovit VaR za piedpokladu Laplaceova rozdéleni pro rtizné dlouhé
casove fady. Ocekava se, ze nejvhodnéjsi bude pouzivat toto rozd€leni pro kratsi casové tady.

Tento ptispévek je zpracovan nasledovné: druha kapitola je vénovana popisu Laplaceovu
rozdéleni pravdépodobnosti. V nasledujici kapitole se aplikovala teoreticka vychodiska na tii
ruzn¢ dlouhé casové fady, tzn., ze se odhadly hodnoty VaR za predpokladu Laplaceova
rozdéleni a nasledné je provedeno zpétné testovani. Odhad VaR je proveden pro jeden den pro
rizné hladiny pravdépodobnosti.

2. Teoreticko — metodologicka vychodiska Laplaceova rozdéleni

Laplaceovo (oboustranné exponencialni) rozdéleni se vyskytuje v ptipadech, kdy jsou
nahodné veli¢iny méfeny za podminek kolisani rozptylu kolem urcité stfedni hodnoty. Ve

v vvr

hustoty pro Laplaceovo rozdéleni pravdépodobnosti je formulace
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f(x;y;az)z ziexp(— MJ
O O ’ (1)

kde u zobrazuje stfedni hodnotu, o> 0 vyjadiuje smérodatnou odchylku a nahodna proménna
X nabyva hodnot z intervalu (-co0;0).

Laplaceovo rozdéleni se Casto objevuje v literatufe jako jedna z forem obecnéjSich
rozdéleni doporuCovanych pro popis chovani finan¢nich Casovych tad; a pfipousti vyskyt
vyraznéji odchylenych hodnot a vyuziva se jako ,,robustni alternativa® normalniho rozdéleni.

Ukazatel Value at Risk je definovan jako nejmensi predikovana ztrata na dané hladiné
pravdépodobnosti za dany casovy interval. Také lze charakterizovat Value-at-Risk jako
jednostranny interval spolehlivosti potencionalnich ztrat hodnoty portfolia po danou dobu
drzeni. Vyhodou tohoto kritéria je, zZe ptevadi vSechna rizika na spole¢ny jmenovatel, zména
hodnoty portfolia aktiv. Naopak nevyhodou hodnoty Value at Risk je, ze nepodava uplny
obraz o trznich rizicich, dava k dispozici jedno souhrnné ¢islo, které popisuje miru vystaveni
portfolia trznim rizikiim a nezohlednuje rizika spojend s likvidaci pozic. VaR vypocteny na
jedné zvolené hladingé pravdépodobnosti neodliSuje dvé portfolia s riznym rizikovym
profilem na nizkych hladinach pravdépodobnosti. Proto je vhodné vyc¢islovat potencialni
ztraty na rizn¢ extrémnich hladindch pravdépodobnosti.

V posledni dobé je vénovéana fada publikaci vypoctu VaR za piedpokladu Laplaceova
rozdeleni (Kozubowski a Podgorski, 2001), (Sadefo, 2004), (Gerlach a Huang, 2013) a dalsi.
Pro vypocet hodnoty Value at Risk portfolia akcii s Laplaceovym rozdélenim
pravdépodobnosti 1ze vyuzit nésledujici vztah

1
VaR = —E . In( 20[)(7, (2)
Pomoci Laplaceova rozdéleni 1ze popsat rozdéleni vynost finan¢nich aktiv, které se stalo
velmi populéarni, protoZe ho lze pouZit pro data, kterd vykazuji Spicatost.

2.1 Zpétné testovani

Zpétné testovani (backtesting) je statisticky proces, ktery spociva v tom, ze aktudlni zisky
nebo ztraty jsou srovnavany s odhadnutou hodnotou VaR. Zpétné testovani je dulezité
pro zjisténi kvality odhadu hodnoty VaR prévé na minulych datech. Postup zpétného testovani
spo¢iva vtom, ze jednotlivé dny porovndva s hodnotou VaR, kterd je urena modelem
na zaklad¢ informaci znamych z pfedchoziho dne k uvaZzovanému dni a pozorovanou ztratou
uvazované¢ho dne. Dny, ve kterych skuteCna ztrata presdhne hodnotu VaR, se nazyvaji
vyjimky.

Pokud bude zaznamenan pocet vyjimek v pifiblizné 1—« procentech piipadi, tak model
je spravny pro odhad hodnoty VaR. Pokud se vyskytne vyssi pocet vyjimek, tak model neni
vhodny, protoze dochazi k podhodnocovani rizika. V ptipadé niz§iho poc¢tu vyjimek dochazi
k nadhodnocovani rizika a z tohoto divodu model také neni vhodny (Kresta, 2016), (Kresta,
2011).

Jinak feceno, nejprve se odhadne hodnota VaR pro den x, dale se pro odhad modelu pouzije
Casova tfada korespondujici s intervalem x-m az X-1, kde m je zvolena délka casové tady,
na jejimz zaklad¢ bude model odhadovan. Nasledné se bude porovnévat ztrata pro dany den
s modelem VaR pro den x. Tento postup se opakuje pro dalsi dny, tzn. proménna X se zvysi
vzdy o jedniC¢ku. V piipadé, ze ztrata bude pro dany den vétsi nez pro model VaR, tak

proménna |, = 1, pokud VaR neni piekrogen, tak proménna |, = 0. Matematicky lze zapsat

binarni proménnou |, nasledovné
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Y10, Jjestlifeztrata < VaR.

{1, Jjestlize ztrata > VaR,

Zpétnym testovanim se ovéiuje, zda pozorovana pravdépodobnost vyskytu vyjimky 7, je
rovna oc¢ekdvané pravdépodobnosti vzniku vyjimky 7,,. Tuto rovnost je potieba statisticky
otestovat. Nulova hypotéze je tedy

ocek
1

Hy:7p, =7
pfiCemz, ocekdvana pravdépodobnost vyskytu vyjimky 7,4 je rovna hladiné

spolehlivosti 7, =1-a.
Pravdépodobnost vyskytu pn, vyjimek v pozorovanich je dana binomickym rozdélenim
pravdépodobnosti,

nn1

n!
Pr(nl|7z-ocek' ): | ocek (1 ”ocek)
(n - nl)'
kde n! znamena faktorial pfirozeného ¢isla n. Pravdépodobnost, ze skuteény pocet vyjimek
bude roven nebo niz§i nez zvolena hranice X, je dana distribu¢ni funkci binomického

rozd¢leni, kterd je nésledujici
X |

I:B| - Pr(n < X|7Z-ocek’ ):Zﬁ.ﬂgceka—ﬂocek)n
i=L \T— 1)t

Pravdépodobnosti, Ze skutecny pocet vyjimek pii n pozorovdnich a pravdépodobnosti
vyskytu vyjimky 7, =1—abude vyssi nez zvolena hranice X, lze vyjadfit jako doplnék
distribu¢ni funkce binomickeé rozdéleni do jedné,

n n! i n—
Pr(nl > X|7Tocek1 n):]-_ FBi Z (n I)l Il ocek(l_ﬂ'ocek)
i=x+1

Pfi statistickém testovani vhodnosti modelu pomoci riznych softwari se pouziva
p-hodnota. P-hodnota vyjadiuje pravdépodobnost zamitnuti pravdivé nulové hypotézy a chyby
. druhu.

2.1.1 Kupieciiv nepodminény test

Vhodnym statistickym testem je test navrZzeny Kupiecem (Kupiec, 1995), ktery je
oboustranny, coZ znamend, Ze se testuje nevhodnost modelu jak z pohledu podhodnoceni,
tak z pohledu nadhodnoceni rizika. Tento test je zalozen na nasledujicim vérohodnostnim
pomeéru

LR = ocek(l ”ocek) (3)
poz(l o)
kde n,je skutetny pocet vyjimek, pro kterd plati I, =1, Ny je pocet pozorovéani oznadenych

jako nula (nedochazi tedy k vyjimee, No = n — Ny ), 7,4 je ocekavana pravdépodobnost vzniku

vyjimky (tedy 7T, =1—a) a Ty j€ pozorovana pravdépodobnost vzniku vyjimky,

n
oo = L— _ Testovaci statistiku lze prepsat do tvaru
n, +n
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Ny n
n n
LR =2In||1-—* L o=z Yo
n ( n0+n1J (no"‘rﬁ) n[( ﬂocek) ﬂocek:lv (4)

pticemz -2In(LR) ma asymptoticky chi-kvadrat rozd€leni s jednim stupném volnosti.

2.1.2 Christoffersentiv podminény test

Ptredpokladem zpétného testovani je, ze vyskyt pozorovanych vyjimek je v Case nezavisly a
vyjimky jsou rovnomeérné rozprostieny v ¢ase, coz je problém pifi zpétném testovani, protoze
casto dochazi velmi ke shlukovani vyjimek. Timto ptredpokladem se zabyval Christoffersen
(1998), ktery navrhl statisticky test, pomoci kterého se ovéfuje nahodnost rozdéleni vyjimek

Vv Case. Vérohodnostni pomér je nésledujici
n N,
Ve (1— ﬁpoz) °

poz

77(?21 (1_ 72_01)%0 7T1ni1 (1_ ﬂll)nw ,

kde njje pocet pozorovani, pro které plati |, = j A lI,_; =1. Pozorovany pocet vyjimek lze

LR = 5)

tedy vyjadfit jako n. = n. + n. a pozorovany pocet ,,nevyjimek* lze vyjadiit jako No = Ny + Ny .
nOl + nll
I"IOO + nOl + nlO + nll

Pro pravdépodobnosti déle plati 7;; = Pl’(h = J-||t,1 =), 7 poz = . Rovnéz
u tohoto testu ma LR asymptoticky chi-kvadrat rozdéleni s jednim stupném volnosti. Pro tento
test je stanovena nulova hypotéza

Hy 7 =1y,
kde 7y, vyjadtuje pravdépodobnost vzniku vyjimky, pokud ji nepfedchézela vyjimka a 7, pak
znamena pravdépodobnost, Ze po vyjimce opét nastane vyjimka.

3. Stanoveni VaR a CVaR za predpokladu Laplaceova rozdéleni

Metodologie Value at Risk a pfistup Conditional Value at Risk budou aplikovany na
akciové portfolio, které je sestaveno z 30 nejvice obchodovatelnych akcii na americkém trhu
Vv druhém kvartalu roku 2016. Ceny akcii byly zjistovany za obdobi od zati 2000 do prosince
2015. Ceny akcii byly zjistovany z databaze portalu www.finance.yahoo.com. Casové fada
jednotlivych tituld je rozdélena do tii obdobi:

I. Obdobi: 3. 1. 2000 — 31. 12. 2007  pocet udaji: 2010
[Il. Obdobi: 2. 1. 2008 — 31. 12. 2012  pocet udaju: 1259
[1l. Obdobi: 2. 1. 2013 — 31. 12. 2015  pocet udaji: 756

Po zjisténi potiebnych informaci o daném portfoliu a sestaveni Casovych fad vyvoje cen
jednotlivych akcii byla vypoétena dalsi data, potfebna pro vypocet hodnoty VaR. Témito daty
byly denni vynosy téchto akcii. Tyto denni vynosy byly vypocteny spojité¢. Nasledné bylo
sestaveno portfolio. V Tabulka 1 jsou uvedeny zakladni charakteristiky portfolia pro rizna
obdobi.

Tabulka 1: Zdkladni charakteristiky

Portfolio v obdobi | Stifedni hodnota Smérodatna odchylka | Sikmost Spicatost

L obdobi -0,0340% 1,931% 0,229135 3,416682
1L. obdobi -0,0028% 2,061% -0,2707 4,85898
I1L obdobi 0,0368% 1,012% -0,4436 1,07801
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Nyni jsou zndmy vsechny parametry, a tudiz se miize ptejit k samotnému vypoctu hodnoty
VaR. Hladina vyznamnosti je stanovena ve vysi 15 %, 10 %, 5 %, 1 %
a 0,5 %. Casovy horizont je jeden den. V nésledujici tabulce jsou ukazany odhadnuté hodnoty
VaR za ptedpokladu Laplaceova rozdéleni, viz Tabulka 2.

Tabulka 2: Odhad hodnoty VaR pro I obdobi
Hladina vyznamnosti 15% 10% 5% 1% 0,5%
VaR pro I. obdobi 1,64% 2,20% | 3,14% | 5,34% | 6,29%
VaR pro II. obdobi 1,75% 2,35% | 3,36% | 5,70% | 6,71%
VaR pro I1I. obdobi 0,86% 1,15% | 1,65% | 2,80% | 3,30%

Za ptedpokladu Laplaceova rozdéleni a hladiny vyznamnosti 0,5 % je riziko, zastoupené
hodnotou VaR ve vysi 6,29 %, coz znamena, ze za predpokladu hladiny vyznamnosti 0,5 %
bude predikovana ztrata vétsi nebo rovna praveé 6,29 % z hodnoty daného portfolia.

Nyni se musi provést verifikace udaji dle zpétného testovani. Zpétné testovani
je provedeno pro vSechny modely, tedy pro model 1. obdobi, kde je pocet udaja 2010, pro IL
obdobi, kde je pocet dat 1259 a pro tfeti obdobi, kde je pocet tidaji 756. Pro zvolené hladiny
vyznamnosti 15 %, 10 %, 5%, 1% a 0,5% lze ptedpokladat pro zvoleny model dany pocet
vyjimek.

Postup zpétného testovani spociva v tom, Ze pro L. obdobi se vypocitala hodnota VaR ke
dni 3. 1. 2000, ptfi¢emZ se bralo v uvahu poslednich 64 dennich vynost, tedy za obdobi od 1.
10. 1999 do 31. 12. 1999 a tato hodnota se porovnala se ztratou. V piipadé¢, ze hodnota VaR
dle zpétného testovani byla vét§i nez ztrata daného dne, tak se jednalo o vyjimku. Tento
postup byl opakovan pro vSechny dny a obdobi.

Pokud byl vyssi vyskyt vyjimek nez predpoklddany pocet, tak dany model (hodnota VaR za
pfedpokladu daného typu rozdéleni) podhodnocuje riziko, naopak v ptipad¢ niz§iho poctu
vyjimek model riziko nadhodnocuje. Pocty vyjimek jsou uvedeny v nasledujici tabulce, viz

Tabulka 3.
Tabulka 3: Pocty vwjimek pro jednotlivé modely a hladiny spolehlivosti

Hladina I.  obdobi Il.  Obdobi I11. obdobi
vyznamnosti | Pfedpokladany | Pozorovany | Predpoklddany | Pozorovany | Predpokladany | Pozorovany
pocet vyjimek | pocet pocet vyjimek | pocet pocet vyjimek | pocet
vyjimek vyjimek vyjimek
15,0% 302 405 189 218 114 116
10,0% 201 320 126 154 76 79
5,0% 101 94 63 79 38 36
1,0% 20 76 13 24 8 6
0,5% 10 29 6 10 4 8

Tuén€ zvyraznéné hodnoty lze na 5% hladiné pravdépodobnosti pifijmout na zakladé
Kupiecova testu za rovné piedpokladanému poctu vyjimek. Pro 1. obdobi plati, ze pti vyssich
hladinach vyznamnosti (15 % a 10 %) byl vyssi pocet napozorovanych vyjimek nez se
predpokladalo, tzn., ze hodnota VaR je podhodnocena. Pro Il. obdobi jsou vyssi pocet
napozorovanych vyjimek pro vSechny hladiny vyznamnosti. Naopak pro III. obdobi lze na
vSech hladinach pfijmout hodnoty za rovné predpokladanému poctu vyjimek.

Problém, ktery mlZe pii zpétném testovani vznikat, je shlukovani vyjimek. Pomoci
Christoffersenova testu nezavislosti vyjimek bylo testovano, zda je pravdépodobnost vzniku
vyjimky nezavisla na skutecnosti, zda ji predchazela ¢i neptedchazela vyjimka. P-hodnoty
daného testu pro jednotlivé modely jsou zobrazeny, viz Tabulka 4.
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Tabulka 4: P-hodnoty Christoffersenova testu na nezavislost vyjimek v case

Hladina Pozorovany pocet vyjimek

vyznamnosti I.  obdobi Il. Obdobi I1l. obdobi
15,0% 0,000 0,000 0,001

10,0% 0,000 0,000 0,000

5,0% 0,064 0,087 0,062

1,0% 0,152 0,092 0,055

0,5% 0,078 0,810 0,070

Hodnoty vyssi jak 0,05 znamenaji, ze P-hodnota je vétsi nez hladina pravdépodobnosti, a
proto se piijiméa nulova hypotéza, ktera znamena, ze pravdépodobnost vzniku vyjimky, pokud
ji neptedchazela vyjimka, je rovna pravdépodobnosti, Ze po vyjimce opét vyjimka nastane. Za
predpokladu vyssich hladin vyznamnosti je nulova hypotéza zamitnuta.

4. Zavér

Risk management je oblast fizeni zamé&fujici se na analyzu a snizeni rizik pomoci rtiznych
metod a technik prevence rizik, které eliminuji existujici nebo odhaluji budouci faktory
zvySujici riziko. Instituce, které pouzivaji risk management, zejména banky a pojistovny,
musi pfijmout ur¢itou miru rizika, bez niz nemohou dosahnout zisku. Standardem pro méteni
a fizeni trznich rizik je ukazatel hodnoty Value at Risk (VaR), pomoci jehoz se kvantifikuje
maximalni ztrata, ktera nebude se zvolenou pravdépodobnosti piekrocena v horizontu
nckolika nejbliz§ich dni. V soucasné dob¢ jde o jednu z nejpouzivanéjSich metod pro méteni
trzniho rizika portfolia a také se pouziva pro stanoveni kapitalového pozadavku v bankach ¢i
V pojistovnach. Z tohoto diivodu je této metodé vénovano tada publikaci a ¢lankd s riznymi
piistupy.

Tento ptispévek byl vénovana problematice Value at Risk za ptfedpokladu Laplaceova
rozdéleni pravdépodobnosti a nasledné zpétnému testovani. Cilem ¢lanku je stanovit VaR za
predpokladu Laplaceova rozdéleni pro rizné dlouhé casové fady. Na zakladé zpétného
testovani bylo dokazano, Ze nejvhodné&j$i je pouzit praveé Laplaceovo rozde€leni
pravdépodobnost pro kratsi casoveé fady.
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Risk Analysis of Fundamental Portfolio
of Investment

Katarzyna Zeug-Zebro, Monika Miskiewicz-Nawrocka *

Abstract

Investor building a portfolio of securities often uses a classical approach that is based on basic
characteristics, such as rate of return on investment and variation of rate of return (investment
risk). The alternative is a fundamental approach, which assumes, that the main influence on
market phenomena have economic processes occurring outside the stock market. In this
approach, the underlying optimization criterion is the sum of the values of the synthetic
measures describing the fundamental strength of the companies included in the portfolio,
weighted by the shares in the portfolio. Yet another concept is the connection of the classic
Markowitz portfolio with elements of assessment the fundamental strength of the companies
included in the portfolio. The paper aims to diversify the risk of the investment portfolio. For
this purpose, modified fundamental portfolios of securities and a classic portfolio will be
constructed.

Key words

portfolio analysis, stock exchange, taxonomic measure of investment attractiveness, index of
relative development level

JEL Classification: C8, E11, G4

Introduction

Portfolio analysis is one of the most important elements of an investment strategy. On the
basis of this analysis can eliminate a significant part of the risk associated to investing in the
shares (Mastalerz-Kodzis, Po$piech, 2010). In addition to the classical concept of Markowitz
(1952), researchers have developed methods which are its modifications, but they have also
created new, alternative tools (Miskiewicz-Nawrocka, Zeug-Zebro, 2016). One of them was
the combination of methods derived from multidimensional comparative analysis, with
elements of fundamental analysis (in particular indicator analysis). Research has shown that
the use of indicator analysis in portfolio analysis leads to a significant increase in efficiency of
investment. The optimization criterion in this method is to maximize the sum of the values of
the synthetic measures describing the fundamental strength of the companies included in the
portfolio. Another proposal is the construction of a modified fundamental portfolio in which a
risk measure is included in the objective function (Tarczynski, 2014). The resulting pattern for
the variance of the portfolio is the classical variance of the portfolio according to Markowitz,
corrected for the level of synthetic indices assigned to the companies included in the portfolio.

The aim of the paper will be to an attempt to diversify the risk of the investment portfolio,
based on the constructed optimal portfolios determined on the value of the taxonomic measure
of investment attractiveness (TMAI), the index of relative development level (IRDL) and
Markowitz portfolio. In the study we used the financial time series which were the shares
price of selected companies listed on the Warsaw Stock Exchange and the indicators
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describing the economic and financial situation of companies. The data cover the period from
1.01.2016 to 31.07.2017.

1. Selected measures of multidimensional comparative analysis

Multidimensional comparative analysis enables an objective fundamental evaluation of a
company. It includes methods and techniques allows to compare multivariate objects
according to a predetermined criterion. It allows, inter alia, the consideration of the problem
of hierarchization of objects and their sets included in multidimensional spaces of features
from the point of view of a some characteristic, which is impossible to measure directly
(Tarczynski, 1997).

1.1 TMAI - Taxonomic measure of investment attractiveness

One of the methods for the selection of companies that will be included in the optimal
portfolio is to determine a taxonomic measure of investment attractiveness (TMAI)
(Tarczynski, 1994, 1999). This method allows for a comprehensive evaluation of the
companies based on key financial and market indicators and present them in the form of
synthetic measure.

Building a taxonomic measure consists of three stages (Mastalerz-Kodzis, 2012). Having
data matrix, we normalize (standardize) the values, following the formula:

Yi :(xij—ij)/sj, i=1,.,n; j=1,..,m, 1)
where: X; mean of feature j, S; standard deviation for j.
Next, the module method is used, and in the normalized matrix of m variables, the highest
value is taken, module y,;. The Euclidean distance from the module is calculated, using the
formula:

1 1
di{az(yij—ym)} ,i=1,...n. 2)

j=L
The shorter the distance of the given object from the module, the lower is the value d;.

The obtained variable is not normalized, which next is transformed into a stimulant using the
formula:

TMAI, =1-d,/d,, i=1,..,n. 3)
where:
TMAI, — taxonomic development measure for object I,
d, —distance of | object from module,
d,— standard to assure that variable TMAI, will take values ranging from 0 to 1, for
example:

d,=d +2S,, 4)

where: d, S, - mean and standard deviation d; .

1.2 IRDL - index of relative development level

The index of relative development level is an alternative to the standard taxonomy measure
(Luniewska, Tarczynski, 2006.). It is based on the following patterns:
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2%
IRDL, = —* ()

Eml max {2,

j=1
where:
IRDL, - index of relative development level (synthetic measure of development without

pattern),
Z;=Y; +‘miin {yij }( (6)

y;; is defined as in measure TMAL.

The index of relative development level is normalized, the greater its value, the better the
position of the object in the ranking.

2. Construction of securities portfolios

Contribution of shares in the portfolio were established based on the following
optimization problems (Table 1):

Table 1: Optimization problems

Model | Model 11 Model 111
- 2 m m
min Sy max(ZTMAlixiJ max(ZIRDLixij
R, 2R, i1 i1
n R, >R, R, 2R,
in =1 m m
= Sx <S Six <3S
X >0, i=1,.,m Z e Z ’
ixi = Dx =1
i=1 i=1
X, 20, i=1,.,m X, >0, i=1,.,m
Model 1V Model V
mln(z 3 x,x,5,5, p, (1-TMAI, )(1—TMAIJ.)) mln[z > %,%,S,S,p, (1~ IRDL, J1- IRDL )J
i=1 j=i+l i=1 j=i+l
R, >R, R, >R,
in =1 x =1
i=1 i=1
X, 20, i=1,.,m X, 20, i=1,..,m

where: S - the risk of the portfolio m-shares:

Zx S’ +22 Zx SIS, (7)

i=1 j=i+l
S, - the standard deviation for i-company,

p;; - the correlation coefficient of i-share with j-share,
X; - contribution of i-share in the portfolio,

m
R, - the expected rate of return on the portfolio: R, = Z XR;,
R, - the expected rate of return for i-company,
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R, - average rate of return for companies,

S, - mean standard deviation,

TMAI, - the taxonomic measure of investment attractiveness for i-company,
IRDL, - the index of relative development level for i-company.

3. Empirical analysis of proposed models

The study covered the financial time series which were the shares price of selected
companies listed on the Warsaw Stock Exchange? (Table 2). One of the conditions for
selecting companies to study was the positive value of the expected rate of return. In analysis
used data cover the period from 1.01.2016 to 31.07.2017.

The study of selected time series was conducted in the following stages:

1. Determination of the expected rate of return R; and standard deviation of return rates Si.

2. Calculation of economic and financial indices describing the condition of the company?®

(Nawrocki, Jabtonski, 2011):

e ROE return of equity index (net profit/own capital),
e ROS return on sales index (net profit/net sales),

e P/E price earnings ratio (price/earnings),

e P/BV price to book ratio (price/book value),

e P/S price to sales ratio (price/sales).

3. Estimation of measures of multidimensional comparative analysis: TMAI and IRDL.

4. Construction of investment portfolios.

5. Finally, calculation of the seven-month return rates for designated portfolios.

Conducted empirical studies allowed to determine expected return rates and standard
deviation of return rates of the analyzed time series. The values are shown in Table 2.

Table 2: Estimation results of standard deviation and expected rate of return for time series of selected
companies

Ri Si
MBANK 0.000573 0.022370
CCC 0.001974 0.020550
JSW 0.008580 0.045200
TAURONPE 0.000288 0.021565
PZU 0.000134 0.018070

CYFRPLSAT 0.000775 0.017815
ASSECOPOL 0.000190 0.015327

PGNIG 0.000710 0.021487
LOTOS 0.001643 0.016755
PKOBP 0.000403 0.019396
BZWBK 0.000799 0.021627

LPP 0.000464 0.026275

PKNORLEN 0.001227 0.017702

In the next step of research, measures TMAI and IRDL were determined (Table 3). The
calculations were made on the basis of positive economic and financial indices, which were
estimated used the data included in the financial statements for the fourth quarter of 2016.

2 The data comes from www.bossa.pl [access: 1.04.2017].
3 The data comes from www.money.pl [access: 3.08.2017].
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Table 3: Economic and financial indices and obtained results of estimation: TMAI and IRDL
P/S P/E P/BV| ROE | ROS |TMAI|IRDL
MBANK |3.030| 14.760 |1.380| 7.640 | 18.030 | 0.201 | 0.201
CCC 3.020| 31.480 |8.190|28.560| 8.440 | 0.360 | 0.525
JSW 1.480| 1487.800 | 2.490 | 23.330 | 12.080 | 0.394 | 0.476
TAURONPE [0.380| 18.170 |0.400| 4.130 | 3.870 | 0.064 | 0.003
PZU 1.730| 20.490 |3.070|18.740|214.090 | 0.402 | 0.467
CYFRPLSAT [1.710| 15.970 |1.470|10.300| 11.740 | 0.183 | 0.151
ASSECOPOL |0.460| 12.050 |0.660| 5.450 | 3.640 | 0.081 |0.023
PGNIG 1.160| 16.420 [1.210| 8.020 | 7.570 | 0.141 | 0.095
LOTOS 0.440| 9.100 |1.070|15.360| 5.880 | 0.139 |0.107
PKOBP 3.050| 15.440 |1.360| 8.500 | 19.920 | 0.208 | 0.210
BZWBK |3.980| 16.940 |1.860| 9.900 | 22.730 | 0.239 | 0.283
LPP 2.120| 72.710 |5.990| 6.230 | 2.010 | 0.246 | 0.259
PKNORLEN |0.570| 8.670 |1.700|24.730| 7.540 | 0.185 | 0.200

Next, constructed 20 investment portfolios based on solving optimization problems:
model |1 — model V. Criteria for selection of companies to a portfolio are shown in Table 1.
Due to the value of the synthetic measure TMAI analyzed companies were divided into four
groups:

- the company's very good: TMAI, > TMAI + Sy,

- the good company: TMAI +S.,,,, > TMAI, > TMAI ,

- the company's average: TMAI >TMAI; > TMAI - S;ya

- the weak company: TMAI — Sy, > TMAL,,

where: TMAI - average value of TMALI for the analyzed companies,

S;uar - Standard deviation of TMAI for the analyzed companies.

The number 1 - 5 portfolios contain shares that are the solution of optimization problems
included in the I-V models. For the portfolios 1 -5, 1" -5"and 1 " - 5", additional
assumptions were made: only very good and good companies were considered and
X, £0,3,1=1,...,m. Details on the construction of the portfolios are given in Table 4.

Table 4: Conditions for selection of companies for the optimal portfolios

Portfel 1 Portfel 2 Portfel 3 Portfel 4 Portfel 5
Model | Model Il Model I11 Model IV Model V
Portfel 1’ Portfel 2’ Portfel 3’ Portfel 4° Portfel 5°
Model | Model Il Model I11 Model IV Model V
Very good Very good Very good Very good Very good
and good and good and good and good and good
companies companies companies companies companies
Portfel 1 Portfel 2”° Portfel 3’ Portfel 4”° Portfel 5’
Model | Model Il Model 111 Model IV Model V
xi<0.3 xi<0.3 Xi<0.3 xi<0.3 xi<0.3
Portfel 1°*° Portfel 2°”° Portfel 3°”° Portfel 4>’ Portfel 5°”°
Model | Model Il Model 111 Model IV Model V
Very good Very good Very good Very good Very good
and good and good and good and good and good
companies companies companies companies companies
xi<0.3 xi<0.3 Xi<0.3 xi<0.3 xi<0.3

Shares in investment portfolios were estimated by Solver tool. Then the return rate and the
risk of each portfolio were calculated. The results are shown in Table 5.
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Table 5: The expected rate of return and risk of the portfolio

Portfel 1 Portfel 2 Portfel 3 Portfel 4 Portfel 5
Rate of return 0.00137 0.00137 0.00197 0.00137 0.00197
Risk 0.01064 0.01698 0.02055 0.01480 0.02055
Portfel 1’ Portfel 2’ Portfel 3’ Portfel 4° Portfel 5°
Rate of return 0.00239 0.00239 0.00239 0.00858 0.00858
Risk 0.01568 0.01897 0.01978 0.04520 0.04520
Portfel 1°° | Portfel 2°° | Portfel 3°° | Portfel 4°> | Portfel 5°°
Rate of return 0.00137 0.00150 0.00153 0.00330 0.00323
Risk 0.01064 0.01482 0.01468 0.01644 0.01653
Portfel 1°°° | Portfel 2°°° | Portfel 3°>° | Portfel 4°°° | Portfel 5°°°
Rate of return 0.00239 0.01738 0.00297 0.00329 0.00329
Risk 0.01571 0.00297 0.01738 0.01703 0.01675

Analyzing the data presented in the table 5, it can be stated that the portfolio 2" designated
on the basis of measure TMAI characterized the highest expected rate of return and the lowest
risk. The modification of the objective functions in models 4 and 5, associated with joining
the classical risk measures with TMAI and IRDL measures, affects only marginally at the
expected rate of return on a portfolio and doesn't reduce the risk associated with investing in
such a portfolio. However, adding additional conditions made these portfolios prove to be
effective (portfolios 4°, 5°, 4°>, 5°°, 4”*> and 5°°”). The highest level of risk was characterized
usually for portfolios constructed on the basis of models 3, 4 and 5.

Finally, seven-month return rates (for designated portfolios) were calculated. In the study
used period 1.01.2017-31.07.2017. The results are shown in Table 6.

Table 6: The seven-month rate of return for constructed investment portfolios

Portfel 1 Portfel 2 Portfel 3 Portfel 4 Portfel 5
| Rate of return of portfolio (%) 12.8719 28.5246 19.8723 -9.4809 19.8723
Portfel 1’ Portfel 2° Portfel 3’ Portfel 4° Portfel 5°
| Rate of return of portfolio (%) 22.8059 29.2877 19.9559 23.7369 23.7369
Portfel 1>’ | Portfel 2>’ | Portfel 3°° | Portfel 4°° | Portfel 5”°
| Rate of return of portfolio (%) 12.8210 21.0352 21.0394 14.4083 20.0520
Portfel 1°°° | Portfel 2°>* | Portfel 3°>° | Portfel 4°° | Portfel 5°*°
| Rate of return of portfolio (%) 22.8966 21.5207 21.5207 21.7021 21.7021

The data presented in Table 6 shows that the largest profit in the analyzed period could be
obtained by investing in portfolios 2’ i 2. One of the optimal solution is characterized by
negative rate of return, which is connected with big fluctuations of stock value prices during
the period considered. The lowest rate of return for all optimization models (except portfolio
4) obtained for the portfolio 1 1 1" created on basis classical Markowitz model. In the
portfolios 3, 5and 4°, 5> and 2°”*, 3°>* and 4°*”, 5°” the profit were the same.

4. Conclusions

In the paper studied attempts to construct the optimal portfolio of shares based on the value
of taxonomic measure of investment attractiveness, the index of relative development level
and classic Markowitz model. The paper proposed also a concept of a modified fundamental
securities portfolio which is an alternative to the classic Markowitz model. The study has
revealed that portfolios constructed on basis a modified fundamental models (model 4 and 5),
they are not more effective than just fundamental models (model 2 and 3). However, the
studies confirm the validity of combining the portfolio analysis with elements of the
fundamental analysis. Fundamental portfolios are more effective than constructed basis on
classic Markowitz model. It should also be mentioned that the fundamental portfolio based on
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the TMAI measure gives better results than that built on the basis of the IRDL measure. The
results encourage further research in this direction.
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Bond valuation under risk, flexibility and interaction
on a game theory basis

Zdengk Zmeskal, Dana DluhoSova !

Abstract

Valuation and decision making is realised under different conditions. The basic characteristics
are following risk, flexibility and interaction. Bond price depends on valuation conditions. The
objective of the paper is to derive, describe the models of bond prices under risk, flexibility and
interaction. Interaction is deal with game theory. There are derived and described bond prices.
There are bond prices calculated and compared under binomial model based on the Ho-Lee
arbitrage model for forward rates. Conclusions and findings are that valuation conditions
substantially influence bond prices and therefore have to be included in valuation process.

Key words
Game theory, bond valuation, two-person game, risk, flexibility, interaction, game real option
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1. Uvod

Ocenovani financ¢nich instrumentii a rozhodovani probihd za rGznych podminek.
Klicovymi charakteristikami (faktory) jsou: riziko, flexibilita, interakce. Rizikem se rozumi
vyvoj podkladového aktiva podle stochastického procesu, tedy neurCitost je vyjadiena
rozdélenim pravdépodobnosti. Flexibilitou se chape moZnost rozhodovani v budoucnu,
manazerské zasahy, volba (opce) variant postupu. Interakce znamena, ze rozhodnuti jednoho
subjektu zavisi na rozhodnuti jiného subjektu. Jedna se o problematiku teorie her.

Cilem piispévku je odvodit a popsat modely cen obligace za riznych podminek, viz Obr. 1,
Tab. 1. Dale na realnych datech porovnat ceny obligace a posoudit vliv na jejich cenu.
Zejména je pozornost vénovana stanoveni ceny obligace za podminek teorie her.

Obr. 1 Varianty ocernovani za rizika, flexibility a interakce
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Tab.1 charakteristika variant oceniovani

faktory oceriovani
Varianta Charakteristika Metoda ocernovani
Riziko |Flexibilita| Interakce
A NE NE NE bez rizika bez flexibility bez protihracl |Bezrizikova sou¢asna hodnota
B ANO NE NE za rizika bez flexibility bez protihrach Jupraveny naklad kapitélu, jistotni ekvivalent
C NE ANO NE bez rizikaza flexibility bez protihrdét bezrizikovd americka opce
D ANO ANO NE za rizika za flexibility bez protihraca americka stochasticka opce
E NE NE ANO bez rizika bez flexibility s protihradi evropska opce s herni vyplatni funkci
F ANO NE ANO za rizika bez flexibility s protihradi evropska stochasticka opce herni vyplatni funkci
G NE ANO ANO bez rizika za flexibility s protihraci americka bezrizikova opce s hernivyplatni funkci
H ANO ANO ANO za rizika za flexibility s protihraci americka stochasticka opce s herni vyplatni funkci

Herni vyplatni funkce znamend, Ze vyplatni funkce vznika interakci hract na bazi Nashovy rovnovahy dle

teorie her

2. Modely cen obligaci dle podminek

V této Casti jsou modely stanoveni cen obligace za urcitosti, rizika, flexibility a interakce.

Cena obligace za urcitosti
Cenu lze stanovit pomoci spotovych urokovych sazeb a forwardovych sazeb. V ptipade

spotovych sazeb

B,=>c -@+R_ )" £ NH-+R._ )Y,
=t

kde B, je cena obligace, c, je kuponova platba, NH je nominalni hodnota, R,je spotova

sazba, T je doba splatnosti.
Druhou moznosti je pouzit forwardové sazby f, a pomoci zndmé Bellmanovy rovnice

pouzit rekurentni vzorce nésledovné
B, =c, +NH, B =B, -1+ f)" +c, Vte[o;T-1].

Cena obligace za rizika
B, =c;, +NH, B, =E(B,,) -+ f )" +c, Vte[o;T-1]. (1)

Cena obligace za flexibility
Americka put opce na obligaci, dlouha (long) pozice. Je to pozice kupujiciho, ktery ma
pravo koupit obligaci za pfedem dohodnutou cenu P .

B, =max(c, + NH;P), B, =max|E,(B.,)-(L+ f,);P|+c,, vte[oT -1]. )

Obr. 2 Cena obligace na long put opci

B¢
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Americka call opce na obligaci, kratka (short) pozice. Je to pozice prodavajiciho, ktery ma
povinnost prodat obligaci za pfedem dohodnutou cenu C

B, =min(c, +NH;C), B, =min|E (B.,)-(L+ f)%Cl+c, vte[oT -1]. 3)
Obr. 3 Cena obligace pri short call opci

By

c PV(B:..)

Cena obligace za interakce (teorie her)

Obligace s americkou long put opci a short call opci. Je to hra dvou hrac¢t nekooperativni
s nulovym sou¢tem. Hrac¢ A je vlastnikem (long pozice) americké put opce na obligaci a ma
pravo prodat obligaci za pifedem dohodnutou cenu P. Hrd¢ B ma povinnost koupit tuto
obligaci za predem dohodnutou cenu P . Na druhé strané hra¢ B je vlastnikem americké call
opce na obligaci a ma pravo koupit obligaci za predem dohodnutou cenu C. Hra¢ A je
povinen prodat obligaci za pfedem dohodnutou cenu C.

Tab.2 Dvoumaticovad hra a kombinace vyuziti a nevyuZiti opci dle hracit A a B

Hrac A
Matice hraci Vyuzit Nevyuzit
Strategie A Strategie B Strategie A Strategie B
o | Vyusit B, <P B, >C B, >P B, >C
>
‘< < > <
£ | Nevyusit B, <P B, <C B, >P B, <C

Kvadranty kombinace rozhodnuti hraca A a B.
(B, <P) A (B, > C)= prazdna mnozina

I [Vyuzit; Vyuzit]

[Vyuzit; Nevyuzit] (B, <P)A (B, <C
I1l. [Nevyuzit; Vyuzit] (Bt
IV. [Nevyuzit; Vyuzit] (B, >

P) (B,

Cenu dle teorie her lze vyjadrit takto:

B, = min [max

(c; +NH;P)C],

)=
>C)=

P)A (B, <C):>B

@-7)

C)

e[P C]

B, = min {maxlEt(Bt+l)-(1+ f) P}C}+ ¢, Vtel[oT -1].
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Obr. 4 Cena obligace za game interakce long put a short call opce

B¢

Cc

P c PV(B..1)

3. Propocet a porovnani cen obligace za riiznych podminek

3.1 Vstupni predpoklady a data

Predpokladejme, ze mame ocenit obligaci s fixnimi kupény anomindlni hodnotou
NH=100, kupénova platba je ¢=10, doba splatnosti je 5 let. Pfedpokladame, ze realizacni cena
put opce P=108, call opce C=112 penéznich jednotek. Dale jsou znamy spotové sazby,
forwardové sazby, a ze se forwardové sazby vyvijeji pfi zndmé volatilit¢ dle Ho-Lee
arbitrazniho modelu Ho-Lee (1986),

f,=a,-+s-0,/2, (5)
kde s je stav (pocet risti ¢i poklest volatility), a, je forwardova kalibrovana kiivka na
aktualni trzni ceny obligaci za urcitosti, o, je volatilita forwardu za dany interval.

Je znamo, Ze u arbitrazniho modelu na trokové sazby se pravdépodobnosti s ohledem na
moznost kalibrace rovnoji poloviné, tedy p = (1— p) =0,5. Tedy E(Bm) =0,5- (Bt“+l + Bil)

Obr. 5 Ndhodny vyvoj forwardové sazby dle Ho-Lee modelu

sit 0 1 2 3 4
5
4 0,1489
8 =F$34+$B15F$4/2 Cless
2 0,1382 0,1189]
1 | 0,1411 0,1039
0 | 0,0600 0,0882 0,0889)
-1 0,0511 0,0689
-2 0,0382 0,0589)
-3 0,0339
4 0,0289
-5
Ro. 0,0600 0,0770 0,0800 0,0810 0,0820
fr g 0,0600 0,0943 0,0860 0,0840 0,0860

3.2 Cenaobligace za rizika
Cena obligace je stanovena dle (1).
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Obr. 6 Cena obligace za rizika

sit 0 1 2 3 4 5

5 110,0000
4 105,7465

3 103,9789 110,0000]
2 103,7125 108,3138

1 105,0339 109,3484 110,0000]
o [ 107,4914 113,1776 111,0225

-1 122,8480 115,2075 110,0000]
2 124,0559 113,8847

3 121,6182 110,0000]
-4 116,9138

5 110,0000

3.3 Long put opce na obligace
Cena obligace je stanovena dle (2) na dlouhou pozici put opce, tedy kupujiciho opci..

Obr. 7 Cena a vyuziti long put opce na obligaci

0 1 2 3 4 5 0 1 2 3 4 5
110,0000 ANO
118,0000 ANO
118,0000 110,0000] [ANO ANO |
118,0000 118,0000 ANO ANO
118,0000 118,0000 110,0000] ANO ANO ANO |
[ 115,8670 119,5371 118,0000 [ne ne ANO
127,6381 120,3965 110,0000] ne ne ANO |
127,7664 118,0000 ne ANO
124,1338 110,0000] ne ANO |
118,0000 ANO
110,0000 ANO

3.4 Short call opce na obligaci
Cena obligace je stanovena dle (3), v kratké pozici, tedy prodavajiciho opci.

Obr. 8 Cena a vyuziti long put opce na obligaci

0 1 2 3 4 5 0 1 2 3 4 5
110,0000 ne
105,7465 ne
103,9789 110,0000] ne ne |
103,7125 108,3138 ne ne
105,0339 109,3484 110,0000] ne ne ne |
[ 107,0301 113,1776 111,0225 ne ne ne
121,8700 115,2075 110,0000] ne ne ne |
122,0000 113,8847 ANO ne
121,6182 110,0000] [ne ne |
116,9138 ne
110,0000 ne

3.5 Cena obligace game s americkou long put opci a short call opci

Cena obligace je dle (4) stanovena jako vysledek nekooperativni dvou-maticové hry. Hraé¢
A je v long pozici (kupujici opce) na put opci. Hra¢ B je v dlouhé pozici (kupujici opci) na
call opci a z pozice hrace A pro ocenovani se jedna o short pozici (tedy prodavajici) na call
opci.
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Obr. 9 Cena a vyuziti obligace game s americkou long put a short call opci na obligaci

0 1 2 3 4 5 0 1 2 3 4 5
110,0000 [ANO |
118,0000 ANO
118,0000 110,0000] [ANO ANO |
118,0000 118,0000 ANO ANO
118,0000 118,0000 110,0000] ANO ANO ANO |
[ 112,0000 119,5371 118,0000 [ANO ne ANO
122,0000 120,3965 110,0000] ANO ne ANO |
122,0000 118,0000 ANO ANO
122,0000 110,0000] [ANO ANO |
118,0000 ANO
110,0000 |ANO |

3.6 Porovnani vysledkii

A4

V Tab. 3 a na Obr. 10 jsou vysledné ceny obligaci dle podminek ocenovani. Nejvyssi cena
je v dusledku volné pozice u long put opce, nejnizsi v disledku tésné pozice u short call opce.
Této cen¢ se blizi cena za rizika, ale je vys$i v dusledku toho, Ze nedochéazi ke ztraté

v disledku té€sné pozice. Druhd nejvyssi cena je na bazi teorie her a je logicky v intervalu
mezi cenami long put a short call opce. .

Tab. 3 Druhy obligaci a jejich ceny

Podminka Druh obligace Cena obligace
zarizika |americka 107,4914
za americka long put opce 115,8670
flexibility | americka short call opce 107,0301
game americka game long put opce a short call opce 112,0000

Obr. 10 Druhy obligaci a jejich ceny dle podminek
116
114
112
110

108

cena obligace

106
104

102
americka americka long put americkd shortcall americka game
opce opce long put opce a
short call opce

druh obligace

4. Zavér

Cilem pftispévku bylo posoudit vliv ocetiovacich podminek na cenu obligace. Krom¢
tradi¢nich za rizika, pokrodilejsich za flexibility (op¢ni pfistup) byl posuzovan i pfistup na
bazi teorie her. Ukazalo se, Ze podminky ocenovani vyrazné ovliviiuji vypocet a cenu obligace
a je nezbytné vzdy ptesné definovat podminky ocenéni a dokonce postaveni subjektu, ktery
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ocenuje, tedy jeho moznosti v rdmci vyjedndvani a uzavirani dohod. Jak bylo ukézéano, teorii
her lze povazovat za zobecnujici pfistup k oceniovani, ktery zahrnuje vSechny tradi¢ni

pfistupy.
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