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Abstract
The article presents the performance of textile and apparel companies listed on the Polish 
stock exchange from the market perspective based on a sample of financial data. The data are 
used to compute systematic risk measures (betas) for two different time intervals, to evaluate 
the risk of an equally weighted portfolio made up of the selected companies and to compare 
the portfolio’s Sharpe ratio with the broad market index and small companies’ index. To 
compare the selected companies’ stocks with the whole economy and non-public companies, 
DuPont analysis is employed. The research results indicate that the listed textile and apparel 
companies outperform non-public companies in terms of fundamental financial results as 
well as capital market investment results. The risk of individual stocks is usually relatively 
low. Also the portfolio of the selected companies has been found to have better investment 
properties compared with the general market and small stocks index in all years of analysis. 

Key words: textile industry, apparel industry, stock market, performance, DuPont analysis, 
beta estimation.

Jerzy Gajdka, 
Tomasz Schabek

University of Lodz, 
 Faculty of Economics and Sociology, 

Rewolucji 1905 r. Street, no 41, 90-214 Lodz, 
e-mail: jerzy.gajdka@uni.lodz.pl

e-mail: tomasz.schabek@uni.lodz.pl

	 Introduction
The worldwide development of textile 
and apparel (T&A) industries has been 
marked in recent decades by intensive 
structural adjustments resulting in the 
relocation of production processes to 
developing countries. The process led 
to the industries’ increased participation 
in international trade flows and an in-
creasingly strong export position of new 
production leaders “which, again, led 
to major changes in the regional distri-
bution of exports and imports of textile 
and apparel products” [5]. In the last dec-
ade of the 20th century it also coincided 
with the transformation of the economic 
system in all Eastern and Central Euro-
pean countries, which affected all types 
of economic activity. Poland’s trading 
environment changed radically with the 
country’s integration with the European 
market, the elimination of customs bar-
riers, and greater market freedom. In this 
new environment, “the relatively high 
production costs and rather unappeal-
ing clothing designs brought about the 
collapse of domestic manufacturers of 
textile and clothing in the 1990s” [11]. 
At the same time, though, new clothing 
companies capable of confronting the 
challenges of a free market were estab-
lished. These evolutionary processes and 
the successful restructuring of some or-
ganisations formed under the communist 
regime caused that in 2015 2,107 cloth-
ing companies and 749 textile companies 
employing more than 9 workers were 
registered in Poland. Even though some 
companies have become well-known 

brands, with much of their production 
(particularly the manufacture of apparel) 
having been relocated to other countries, 
mostly Asian, the development of textile 
and apparel industries in Poland was not 
as successful as their steadily increasing 
output seemed to promise. Between 2005 
and 2015 the total value of Polish made 
textile products increased from PLN 
8,022 m to 13,080 m (by 63%), a substan-
tial change as compared with the clothing 
products, the value of which only rose 
from PLN 9687.1m to 1,0003.6 m (3%). 
Both sectors’ share of the total industrial 
output in Poland decreased from 1.1% to 
1.0% (textiles) and from 1.3 to 0.8% (ap-
parel) [24]. 

The transformation of the T&A indus-
tries in Poland after 1989 was not all 
about technology and competition, be-
cause in addition to several other major 
changes, it also involved the creation of 
a capital market with the Warsaw Stock 
Exchange (WSE) as its financial center. 
The WSE provided companies with an 
opportunity to raise capital, which was 
used by relatively few T&A companies. 
A consequence of the limited presence 
of T&A companies in the capital market 
is a scarcity of studies analysing their 
performance. The main purpose of this 
paper is therefore to fill that gap by pre-
senting the performance of WSE-listed 
T&A companies from 2002 to 2017. 
An insight into the companies’ stock 
performance and financial conditions 
(market and financial performance) is 
also provided.
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	 Textile and apparel companies 
and the capital market 

Literature on relations between capital 
market development and the T&A indus-
tries is scarce. After World War II, the 
capital market in Poland was only reac-
tivated with the economic transformation 
in the early 1990s. Being only slightly 
more than 25 years old, it is still rela-
tively young compared with the mature, 
highly developed domestic and interna-
tional capital markets. Thus, as an initial 
basis for our discussion about how the 
capital market may impact the devel-
opment of the industries analyzed, let 
us look at other countries where capital 
markets were already in place when the 
T&A industries started to grow. The fact 
that most studies on this subject focus on 
the textile industry implies that the role 
of the capital market as a factor contrib-
uting to the development of the textile 
industry may be somewhat ambiguous. 

Haber [12] contrasted Brazilian, Mexi-
can and US experiences to examine how 
capital market development and indus-
trial structure influenced each other dur-
ing the early stages of industrialisation. 
His conclusion is that the constraints on 
the formation of credit intermediaries in 
Latin America resulted in greater con-
centrations of cotton textile industries 
in Mexico and Brazil than in the United 
States. Haber’s analysis also suggests 
that there is a clear association between 
how a country finances industrial devel-
opment and the evolution of the indus-
trial structure, and that the maturation of 
capital markets has a significant effect on 
the latter. In Brazil and the US, concen-
tration levels of the textile industry de-
creased as the barrier to entry created by 
unequal access to finance was reduced. 
In Mexico, capital markets developed 
until they were stifled by the Porfiriato 
regime’s restrictive policies and the revo-
lution of 1910, meaning that the level of 
concentration barely declined at all from 
1890 to 1930. Haber [12] also shows that 
relatively low barriers to capital market 
development in a country stimulate the 
development of its textile industry. In 
1850, Brazil had 8 textile mills employ-
ing 424 workers and Mexico 42 with 
10,816 workers. By 1930, the numbers 
rose to 354 mills (128,613 workers) and 
145 mills (39,525 workers), respectively. 
Hence the growth of the textile industry 
in Brazil, where the barriers for capital 
market development were lower, turned 
out to be much higher. This shows that 

the capital market can have a rather posi-
tive influence on industrial development. 

Higgins and Toms [13] sought to deter-
mine why cotton textile manufacturing 
declined in the 20th c. in Lancashire, one 
of the English counties where it was born 
during the Industrial Revolution. Hav-
ing examined three important aspects of 
this phenomenon, i.e. capital ownership, 
capital structure and capital market, Hig-
gins and Toms [13] came up with a new 
explanation. Its centerpiece is that own-
ership of the industry and the redistribu-
tion of ownership claims during booms 
and slumps imposed pressures and con-
straints on decisions makers. The domi-
nation of the financial constraints arising 
from the capital market over the strategic 
questions of re-equipment and modern-
isation precipitated the collapse of the 
industry. The monetary conditions and 
changes in the world demand, although 
obviously important, were beyond the 
control of the typical entrepreneur. It is 
therefore appropriate to concentrate dis-
cussions on the above-mentioned finan-
cial aspects of industry decline.

It is difficult to find in the literature deep 
analysis of the capital market’s influence 
on the development of the apparel indus-
try. It is frequently posited, however, that 
investing in apparel manufacturers, par-
ticularly in the retail apparel industry, has 
always been risky and tough [26], one 
of the main reasons being the volatility 
of fashion trends. This actually means 
that the financial performance of apparel 
companies depends not only on the eco-
nomic environment but also on consum-
ers’ tastes. which sometimes cannot be 
explained in terms of rationality. Never-
theless all major players in the global ap-
parel market, such as H&M, Nike, Zara, 
Uniqlo, Adidas, Levi’s and many others, 
are publicly-traded organizations, al-
though for the reasons mentioned above 
the performance of their stock is different 

and fluctuates, even in the same market 
segment. For instance, in the sportswear 
segment in 2016, Nike and Under Armour 
were some of the worst-performing fash-
ion and clothing stocks: their share prices 
dropped by 17% and 22%, respectively. 
In the same year, Adidas and Lululemon 
started their impressive transitions with 
stock price increases of 56% and 28%, 
respectively [20]. Similar differences are 
observed for apparel companies operat-
ing in other market segments. 

In Poland, the bulk of the largest appar-
el manufacturers are listed on the WSE. 
Table 1 shows data for the 6 domestical-
ly-owned apparel companies that were 
the largest in 2013. It is worth mention-
ing that the stocks of almost all of them 
(i.e. LPP, Redan, Vistula, Gino Rossi, 
Monnari Trade, excluding KAN) were 
quoted on the WSE in 2017.

According to the mainstream of capital 
market theory, efficient capital market 
risk and return should be positively cor-
related, i.e. riskier stock or riskier portfo-
lios should offer a higher rate of returns 
(particularly if so called systematic risk 
is taken into consideration). Such conclu-
sion might be drawn from several theo-
retical models such as: the Capital Asset 
Pricing Model (CAPM) (introduced in-
dependently by Treynor [27, 28], Shar-
pe [25], Lintner [18] and Mossin [21]), 
Fama-French model [10], Carhart [4] 
model and Pastor-Stambaugh [22] mod-
el. One of the goals of our research is to 
check whether a portfolio consisting of 
T&A stocks follows that rule. Many re-
searchers have conducted research on the 
impact of firms’ financial performance 
on stock returns, taking evidence from 
different countries’ stock exchanges. 
(e.g. Basu [2], Anwaar [1] Hobarth [14], 
Menaje [19], Jatoi et. al [14] Umar and 
Musa [29], Irungu [15], Estrada [8]). 
Some of these researchers found a signif-
icant positive impact, while others found 

Table 1. Largest domestically-owned clothing companies in 2013. Source: [11].

Ranked Company
Sales, 
PLN, 

million

Sales 
growth rate 
2012/2013, 

%

Net result, 
PLN, 

million

Assets, 
PLN, 

million
ROE, 

%

74 LPP SA GK, Gdańsk 4,11.302 127.7 432,859 2,491.570 28.92

614 Redan SA GK, Łódź 468.315 106.4 3,357 203.292 6.45

725 Vistula Group SA GK, Kraków 397.677 100.5 45,061 625.932 10.99

1234 Gino Rossi SA GK, Słupsk 218.501 104.5 2,025 185.670 2.92

1290 KAN sp. z o.o., Łódź 205.248 96.9 8,007 154.664 10.17

1738 Monnari Trade SA GK, Łódź 145.552 110.4 17,017 102.005 19.23

  Total 5,551.595        
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a significant negative impact, and some 
found that the impact of firms’ perfor-
mance on stock returns is insignificant. 
That is why in the paper we also present-
ed the financial performance of Polish 
T&A companies against the backdrop of 
Polish industry. 

In the sections below, the research 
methodology and data are presented, 
as well as the results of analysis into 
the risk and return on T&A stocks 
and the financial conditions of public 
T&A companies. The goal of the re-
search is to compare the performance 
of public T&A companies quoted on 
the Warsaw Stock Exchange against 
that of the capital market and the econ-
omy as a whole. The main hypothesis 
being tested is the following: listed 
T&A companies are an attractive in-
vestment option for WSE investors.

	 Methodology 
In the first step, we selected a set of 
WSE-listed companies based on their 
industry and selected stock engaged 
in textile or apparel (T&A) produc-
tion. Then we estimated the risk of 
T&A companies’ stocks, a major de-
terminant of activity, focusing on the 
systematic risk and characteristics of 
T&A stocks from the point of view of 
their risk and sensitivity to market var-
iations. For all selected stocks the beta 

coefficients (β) were calculated, which 
show a specific investment’s volatility 
with respect to the market as a whole. It 
is generally assumed that a beta of less 
than 1 indicates that the investment is 
less volatile than the market, and a beta 
of greater than 1 means that the invest-
ment is more volatile than the market. 
There is a wealth of literature dealing 
with various problems in the estimation 
of beta as the most common measure 
of risk in financial markets, of which 
only two major ones will be considered 
in this paper, namely the selection of 
stock return interval used for beta esti-
mation (associated with an “intervalling 
effect”) and of the estimation method 
itself (most notably related to hetero-
scedasticity and ARCH effects)1). We 
estimated the beta coefficients of all se-
lected T&A stocks based on daily and 
monthly intervals. In the third step, the 
performance of the sampled companies’ 
stocks was estimated. To this end, we 
created one equally weighted portfolio 
made up of T&A stocks and calculated 
the returns from it as well as a modified 
Sharpe ratio for the period 1 Dec. 2002 
– 1 Oct. 2017 and its two sub-periods:  
1 Dec. 2002 – 1 June 2007 and  
1 June 2007 – 1 Oct. 2017 (respective-
ly preceding and following the finan-
cial crisis). The Sharpe ratio measures 
portfolio performance taking account 
of both return and risk – rate of return 
and standard deviation. In this study, 

because of negative portfolio returns in 
some sub-periods, the modified Sharpe 
measure was used as recommended. 
Lastly, using DuPont analysis and data 
from companies’ financial statements, 
the textile industry and the whole manu-
facturing industry in Poland were com-
pared in terms of performance. DuPont 
analysis is frequently used in studies as 
a tool enabling the comparison of com-
panies operating in the same or differ-
ent industries (e.g. Curtis et al. [7]). In 
this study, DuPont analysis was specif-
ically employed to determine if textile 
manufacturers are economically more 
efficient than the manufacturing indus-
try at large. The manufacturing industry 
was defined as per section C – Manu-
facturing – of the Polish Classification 
of Business Activity2) (pol. PKD 2007). 
DuPont analysis was carried out simply 
by dividing the return on equity (ROE) 
for components describing the com-
pany’s efficiency in three main areas, 
namely the management of costs and 
sales (profitability), asset management 
(asset efficiency) and debt management 
(financial leverage). The formula we 
used is the following;
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Ticker Name of the company Sector classification

                                                           
1 Existing evidence from various markets shows that  betas are sensitive to the length of the return interval. For example, 
Cohen et al. [5]  demonstrated that for low-liquidity and high-liquidity stocks the beta respectively increases and decreases as 
the interval is lengthened.
2 Therefore we included the following sections from no. 10 to  32: manufacture of food products, manufacture of beverages, 
manufacture of tobacco products, manufacture of textiles, manufacture of wearing apparel, manufacture of leather and related 
products, manufacture of products of wood, cork, straw and wicker, manufacture of paper and paper products, printing and 
reproduction of recorded media, manufacture of coke and refined petroleum products, manufacture of chemicals and 
chemical products, manufacture of pharmaceutical products, manufacture of rubber and plastic products, manufacture of 
other non-metallic mineral products, manufacture of basic metals, manufacture of metal products, manufacture of computer, 
electronic and optical products, manufacture of electrical equipment, manufacture of machinery and equipment, manufacture 
of motor vehicles, trailers and semi-trailers, manufacture of other electrical equipment, manufacture of furniture, other 
manufacture

   (1)

where:
NI – net income, S – sales, A – total as-
sets, E – equity, ROE = NI/E.

Equation (1) was applied to the manu-
facturing industry as a whole and sepa-
rately to the T&A manufacturers.

	 Data
Of the 893 companies listed on the War-
saw Stock Exchange (WSE) for both 
stock markets (i.e. the Main Market and 
Catalyst) and available in the Notoria da-
tabase, we selected for analysis 20 com-
panies that were included in the WIG-
Odzież index (WIG-Clothing), besides 
four, which produce cosmetics, jewelry 
and sports equipment, as of the end of 
November 2017, plus 1 producer of non-
wovens. One of the sampled companies 
(Próchnik) had been listed on the WSE 
since its onset, meaning that 318 monthly 
rates of return (from April 1991 to Octo-
ber 2017) were available on it. The time 
series of rates of returns for the other 
companies had different lengths, ranging 
from only 10 months to as many as 289. 
The selected companies are presented in 
Table 2.

Table 2. Basic description of companies analyzed. Source: created by the authors based on 
Notoria SA and GPW SA data.

Ticker Name of the company Sector classification
BTM BYTOM SA Retail sale of clothing

CCC CCC SA Retail sale of footwear and leather goods

CDL CDRL SA Wholesale clothing and footwear

EAH ESOTIQ&HENDERSON SA Retail sale of textiles

GRI GINO ROSSI SA Retail sale of footwear and leather goods

HRP HARPER HYGIENICS SA Production of finished textile products

LPP LPP SA Retail sale of clothing in specialised stores

LBW LUBAWA SA Production of finished textile products

MON MONNARI TRADE SA Retail sale of clothing

NVT NOVITA SA Manufacture of nonwovens and articles of nonwovens, 
excluding apparel

PMA PRIMA MODA SA Retail sale of footwear and leather goods

PRC PRÓCHNIK SA Retail sale of clothing

PRT PROTEKTOR SA Manufacture of footwear

RDN REDAN SA Wholesale clothing and footwear

SFG SILVANO GROUP AS Production of underwear

SOL SOLAR COMPANY SA Retail sale of clothing

TXM TXM SA Retail sale of clothing

VST VISTULA SA Retail sale of clothing

WOJ WITTCHEN SA Retail sale of footwear and leather goods

WTN WOJAS SA Manufacture of footwear
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	 Systematic risk measure 
estimation

According to the theory of finance, the 
average beta value for the market is 1. 
Stock with β > 1 are riskier than the mar-
ket, thus they are sometimes called ag-
gressive stocks, whereas stocks with β < 1 
are less risky than the market, and hence 
they are known as defensive stock. Most 
stocks in Table 3 are therefore defensive 
stocks. The theory also holds that in an 
efficient capital market defensive stocks 
are likely to have expected rates of return 
below the market’s average return. In es-
timating betas, special attention has to be 
given to the selection of an appropriate 
estimation method (one of the key issues 
is to weigh heteroscedasticity and ARCH 
effects against the Ordinary Last Squares 
(OLS) method) and of the interval over 
which stock returns will be calculated 
(known as the “intervalling effect” di-
lemma). In this study, we estimated beta 
coefficients for all selected T&A stocks 
over the 2 most common intervals: daily 
and monthly. Whenever the ARCH La-
grange multiplier test showed heterosce-
dasticity to be present, we applied ARCH 
methodology and the beta was estimated 
using the appropriate GARCH3) model. 
We also carried out Q-statistic tests for 
autocorrelation, which was removed 
when identified by applying appropriate-
ly structured AR and/or MA terms. We 
used the following ARCH model to cal-
culate beta parameters [3]:
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5. Systematic risk measure estimation 

According to the theory of finance, the average beta value for the market is 1. Stock with β >1  are  riskier than the market, 

thus they are sometimes called aggressive stocks, whereas stocks with β <1 are less risky than the market, and hence they are 
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showed heteroscedasticity to be present, we applied ARCH methodology and the beta was estimated using the appropriate 

GARCH3 model. We also carried out  Q-statistic tests for autocorrelation, which was removed when identified by applying 

appropriately structured AR and/or MA terms. We used the following ARCH model to calculate beta parameters [3]:
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3 In most cases it was GARCH (1,1), but when heteroscedasticity could not be eliminated GARCH (1,2) or GARCH (2,2) 
was employed.
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where α and β are the model’s structur-
al parameters, 
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the non-autocorrelation of the error term and no covariance between the error term and the explanatory variable. Variables 
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tr  and index
tr  represent returns on stocks and the market index, respectively. The order and type of  ARCH model are 

determined by the specification of the conditional variance function, ht, in (4). The most commonly applied modification of 

ARCH models is Bollerslev‟s GARCH(S,Q) [3], with ht written as: 
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where 0S , 0Q , 00  , 0s  and 0q .  

When neither heteroscedasticity nor ARCH effects were present, β was estimated from equation (2) using the simple OLS 

method4 and the longest time series available for both intervals. In Table 3, the daily and monthly betas for all 24 stocks in 

the sample are presented. Most of the results are highly significant, and a comparison shows that the daily and monthly betas 

are also fairly different from each other. It is worth noting that heteroscedasticity caused by the much higher clustering of the 

variance in the daily rates of returns provides a strong argument supporting the use of ARCH models for estimating betas. 

Most of the ARCH effects are not observed when the monthly data are analysed. 

Table 3.  Estimates of daily and monthly betas (market model). 

Daily Monthly

Company code Beta value Estimation Beta value Estimation

BTM 0.67*** ARCH 0.59*** OLS

CCC 0.60*** ARCH 0.78** OLS

CDL 0.28*** ARCH 0.10*** OLS

EAH 0.11 ARCH -0.02 OLS

GRI 0.63*** ARCH 1.19*** OLS

HRP 0.20*** ARCH 1.11*** OLS

LBW 0.88*** ARCH 0.83*** OLS

LPP 0.51*** ARCH 0.87*** OLS

MON 0.82*** ARCH 1.03*** OLS

NVT 0.63*** ARCH 0.72*** OLS

PMA 0.35*** ARCH 1.24*** OLS

PRC 0.74*** ARCH 1.04*** OLS

PRT 0.44*** ARCH 0.88*** OLS

RDN 0.69*** ARCH 0.77*** OLS

SFG 0.39*** ARCH 0.51*** OLS

SOL 0.76*** ARCH 1.06** OLS

TXM 0.17 ARCH 1.40 OLS

                                                           
4 If heteroscedasticity is present and the estimation method is OLS, the estimators of the models‟ parameters are still 

unbiased but not efficient. This leads to serious estimation errors (in the magnitude of the estimator as well as quite often in 

sign). In practice, in such cases the beta parameter will be either overestimated or underestimated; hence its value will be not 

properly estimated. In ARCH type models the correct estimates are obtained by using the information about the variance of 

the error term, contained in the ht function, and correcting the estimates that are biased when the standard OLS procedure is 

used.
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  (5)

where S > 0, Q ≥ 0, γ0 > 0, γs ≥ 0 and  
φq ≥ 0. 

When neither heteroscedasticity nor 
ARCH effects were present, β was es-
timated from Equation (2) using the 
simple OLS method4) and the longest 
time series available for both intervals. 
In Table 3, the daily and monthly be-
tas for all 24 stocks in the sample are 
presented. Most of the results are high-
ly significant, and a comparison shows 
that the daily and monthly betas are 
also fairly different from each other. It 
is worth noting that heteroscedasticity 
caused by the much higher clustering of 
the variance in the daily rates of returns 
provides a strong argument supporting 
the use of ARCH models for estimating 
betas. Most of the ARCH effects are not 
observed when the monthly data are an-
alysed.

The numbers in Table 3 offer three main 
conclusions. Firstly most stocks in the 
sample have betas < 1, therefore they are 
defensive. The situation changes, howev-
er, when stocks are considered with re-
spect to the length of the return interval. 
According to the daily betas, all stocks 
are still defensive, while the monthly be-
tas, higher for most stocks, show that only 
14 stocks are defensive. Theoretically in 
an efficient capital market the rate of re-
turn expected of defensive stock is lower 
than the market average (the market rate 
of return), although the so called ‘small 
firm effect’ may disturb such a relation; 

also β may not be a significant factor in-
fluencing stock valuation.

Secondly the number of ARCH effects 
increases as the return interval is short-
ened. In the case of daily intervals, het-
eroscedasticity was present in almost 
all models analyzed (19 estimates were 
obtained from the ARCH models and 
only 1 from the models with OLS). As 
far as monthly intervals are concerned, 
the situation was reversed, in that almost 
all estimates were obtained using OLS 
and only one from the ARCH model. An 
explanation of this result may lie in the 
relatively low market capitalisation and 
low liquidity of T&A companies’ stocks 
in the sample, all of which are outside 
WIG-20, the WSE stock index made up 
of the largest and most liquid companies. 

	 Investment results in portfolio 
of T&A stocks

In this section, we use available data to 
determine the profitability of T&A com-
panies’ stocks as an investment option in 
the Polish capital market. To this end, an 
equally weighted portfolio is composed 
of the selected stocks, and the portfo-
lio return over the period December 
2002-October 2017 is calculated.

Figures 1, 2 and 3 depict the performance 
of the T&A portfolio and stock market in-

Table 3. Estimates of daily and monthly betas (market model). Remarks: ***, **, * – denotes, 
respectively, statistical significance with p-value 0.01, 0.05, 0.10.

Daily Monthly
Company code Beta value Estimation Beta value Estimation

BTM 0.67*** ARCH 0.59*** OLS
CCC 0.60*** ARCH 0.78** OLS
CDL 0.28*** ARCH 0.10*** OLS
EAH 0.11 ARCH -0.02 OLS
GRI 0.63*** ARCH 1.19*** OLS
HRP 0.20*** ARCH 1.11*** OLS
LBW 0.88*** ARCH 0.83*** OLS
LPP 0.51*** ARCH 0.87*** OLS
MON 0.82*** ARCH 1.03*** OLS
NVT 0.63*** ARCH 0.72*** OLS
PMA 0.35*** ARCH 1.24*** OLS
PRC 0.74*** ARCH 1.04*** OLS
PRT 0.44*** ARCH 0.88*** OLS
RDN 0.69*** ARCH 0.77*** OLS
SFG 0.39*** ARCH 0.51*** OLS
SOL 0.76*** ARCH 1.06** OLS
TXM 0.17 ARCH 1.40 OLS
VST 0.67*** ARCH 0.72*** ARCH
WOJ 0.31*** ARCH 0.61*** OLS
WTN 0.12 OLS 1.08** OLS
No. of ARCH estimations 19 No. of ARCH estimations 1
No. of OLS estimations 1 No. of OLS estimations 19
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dices (standardized to 100 at the start of 
the period of analysis) for the entire sam-
ple period and two sub-periods roughly 
covering the pre- and post-crisis years, 
respectively. The graphs clearly show 
that the T&A portfolio outperformed the 
sWIG80 index in all cases, particularly 
in the first sub-period (before the crisis), 
even accounting for risk. The WIG index 
underperformed the T&A portfolio in 
the entire period analysed and in the first 
sub-period; however, it outperformed the 
portfolio in the second period. Yet it is 
worth mentioning that the systematic risk 
of the T&A portfolio measured by the beta 
coefficient was higher than 1 (i.e. higher 
than the beta for the WIG index) in the en-
tire period analyzed (β = 1.03) and in the 
first sub-period (β = 1.05), but lower than 
1 (β = 0.90) in the second sub-period. It 
means that one of the main capital mar-
ket theory statements, according to which 
portfolios (less) riskier than the market 
portfolio should offer higher (lower) re-
turn than the market return, was generally 
confirmed in that research. As mentioned 
earlier, one of the portfolio performance 
measures which incorporates risk and re-
turn is the Sharpe ratio. Table 4 presents 
values of the Sharpe ratio, i.e. the volatil-
ity-adjusted performance measure, modi-
fied for negative returns [16]. 
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first sub-period (before the crisis), even accounting for risk. The WIG index underperformed the T&A portfolio in the entire  

period analysed and in the first sub-period; however, it outperformed the portfolio in the second period. Yet it is worth 

mentioning that the systematic risk of the T&A portfolio measured by the beta coefficient was higher than 1 (i.e. higher than 

the beta for the WIG index) in the entire period analyzed  ( β =1.03) and in the first sub-period (β =1.05),  but lower than 1 (β 

= 0.90) in the second sub-period. It means that one of the main capital market theory statements, according to which  

portfolios (less)  riskier than the market portfolio should offer higher (lower) return than the market return, was generally 

confirmed in that research. As  mentioned earlier, one of the portfolio performance measures which incorporates risk and 

return is the Sharpe ratio. Table 4 presents  values of the Sharpe ratio, i.e. the volatility-adjusted performance measure, 

modified for negative returns [16].  

Tab. 4. Modified Sharpe ratio (monthly rates) 

Jun 2007-Oct 2017 Dec 2002-Jun 2007 Dec 2002 - Oct 2017

WIG sWIG80 PORTF WIG sWIG80 PORTF WIG sWIG80 PORTF
Average excess 

return -0.08% -0.34% -0.09% 2.36% 4.89% 7.66% 0.65% 1.21% 2.20%

Standard deviation 5.73% 5.95% 7.40% 5.71% 8.56% 12.19% 5.83% 7.23% 9.75%
Modified Sharpe 

ratio -0.00004 -0.00021 -0.00007 0.414 0.572 0.628 0.111 0.167 0.226

Source: authors‟ calculations. Notes: The modified Sharpe ratio (S) was calculated using Israelsen‟s formula [16]:
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where d is the mean monthly difference between the portfolio return (monthly) and  risk-free return (monthly), and 𝑆𝑆𝑑𝑑  is the 

standard deviation of monthly differences between the portfolio return and  risk-free return. As a risk-free rate for the Polish 

capital market, the rate of return on T-bills was adopted. Its monthly values were calculated with the following 

formula:  1+ 𝑅𝑅𝑓𝑓𝑓𝑓12 − 1 (where 𝑅𝑅𝑓𝑓𝑓𝑓  is the risk-free annual return obtained for every month). The source of the risk-free rate 

data is the Polish Ministry of Finance.  

The modified Sharpe ratios in Table 4 are higher for the T&A portfolio than for both WIG and sWIG80 indices in the whole 

period analysed and in the sub-period 2002-2007. The small firm bias may explain the relatively better returns comparing to 

other, broad market indices; but it is important to note that in our sample the T&A portfolio also outperformed the sWIG80 

index of small stocks. 

7. Financial conditions of listed T&A companies  

Finally DuPont analysis was performed for data from companies‟ financial statements to compare the performance of the 

textile industry with that of the entire manufacturing industry in Poland, i.e. to determine if textile manufacturers are 

economically more efficient than the manufacturing industry at large. As manufacturing industry we applied the classification 

provided in Section C – Manufacturing – of the Polish Classification of Business Activity. The analysis was carried out by 

dividing the return on equity (ROE) for components describing a company‟s efficiency into three main areas, namely the 

management of costs and sales (profitability), asset management (asset efficiency) and debt management (financial leverage).  

Table 5. DuPont Analysis 

Ratio 2016 2015 2014 2013 2012 2011 2010 2009 Average 
2009-2016

MANUFACTURING – the whole economy

ROE 13.10% 11.80% 9.40% 11.10% 10.90% 12.10% - 10.90% 11.33%

NI/S 6.20% 5.60% 4.30% 4.90% 4.50% 4.90% 5.10% 4.90% 5.05%

,

where d is the mean monthly difference 
between the portfolio return (monthly) 
and risk-free return (monthly), and Sd is 
the standard deviation of monthly differ-
ences between the portfolio return and 
risk-free return. As a risk-free rate for 
the Polish capital market, the rate of re-
turn on T-bills was adopted. Its monthly 
values were calculated with the following 
formula: 
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first sub-period (before the crisis), even accounting for risk. The WIG index underperformed the T&A portfolio in the entire  

period analysed and in the first sub-period; however, it outperformed the portfolio in the second period. Yet it is worth 

mentioning that the systematic risk of the T&A portfolio measured by the beta coefficient was higher than 1 (i.e. higher than 

the beta for the WIG index) in the entire period analyzed  ( β =1.03) and in the first sub-period (β =1.05),  but lower than 1 (β 

= 0.90) in the second sub-period. It means that one of the main capital market theory statements, according to which  

portfolios (less)  riskier than the market portfolio should offer higher (lower) return than the market return, was generally 

confirmed in that research. As  mentioned earlier, one of the portfolio performance measures which incorporates risk and 

return is the Sharpe ratio. Table 4 presents  values of the Sharpe ratio, i.e. the volatility-adjusted performance measure, 

modified for negative returns [16].  

Tab. 4. Modified Sharpe ratio (monthly rates) 

Jun 2007-Oct 2017 Dec 2002-Jun 2007 Dec 2002 - Oct 2017

WIG sWIG80 PORTF WIG sWIG80 PORTF WIG sWIG80 PORTF
Average excess 

return -0.08% -0.34% -0.09% 2.36% 4.89% 7.66% 0.65% 1.21% 2.20%

Standard deviation 5.73% 5.95% 7.40% 5.71% 8.56% 12.19% 5.83% 7.23% 9.75%
Modified Sharpe 

ratio -0.00004 -0.00021 -0.00007 0.414 0.572 0.628 0.111 0.167 0.226

Source: authors‟ calculations. Notes: The modified Sharpe ratio (S) was calculated using Israelsen‟s formula [16]:

 
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

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


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
d
d

dSdS /  , 

where d is the mean monthly difference between the portfolio return (monthly) and  risk-free return (monthly), and 𝑆𝑆𝑑𝑑  is the 

standard deviation of monthly differences between the portfolio return and  risk-free return. As a risk-free rate for the Polish 

capital market, the rate of return on T-bills was adopted. Its monthly values were calculated with the following 

formula:  1+ 𝑅𝑅𝑓𝑓𝑓𝑓12 − 1 (where 𝑅𝑅𝑓𝑓𝑓𝑓  is the risk-free annual return obtained for every month). The source of the risk-free rate 

data is the Polish Ministry of Finance.  

The modified Sharpe ratios in Table 4 are higher for the T&A portfolio than for both WIG and sWIG80 indices in the whole 

period analysed and in the sub-period 2002-2007. The small firm bias may explain the relatively better returns comparing to 

other, broad market indices; but it is important to note that in our sample the T&A portfolio also outperformed the sWIG80 

index of small stocks. 

7. Financial conditions of listed T&A companies  

Finally DuPont analysis was performed for data from companies‟ financial statements to compare the performance of the 

textile industry with that of the entire manufacturing industry in Poland, i.e. to determine if textile manufacturers are 

economically more efficient than the manufacturing industry at large. As manufacturing industry we applied the classification 

provided in Section C – Manufacturing – of the Polish Classification of Business Activity. The analysis was carried out by 

dividing the return on equity (ROE) for components describing a company‟s efficiency into three main areas, namely the 

management of costs and sales (profitability), asset management (asset efficiency) and debt management (financial leverage).  

Table 5. DuPont Analysis 

Ratio 2016 2015 2014 2013 2012 2011 2010 2009 Average 
2009-2016

MANUFACTURING – the whole economy

ROE 13.10% 11.80% 9.40% 11.10% 10.90% 12.10% - 10.90% 11.33%

NI/S 6.20% 5.60% 4.30% 4.90% 4.50% 4.90% 5.10% 4.90% 5.05%

 (where Rft is the 
risk-free annual return obtained for every 
month). The source of the risk-free rate 
data is the Polish Ministry of Finance. Be-
cause T-bills were not quoted after 2012, 
we used yields on 10-year government 
bonds to make up for the missing data. 

The modified Sharpe ratios in Table 4 
are higher for the T&A portfolio than 
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Figure 2. Equally weighted portfolio of textile and apparel companies’ stocks – performance 
from December 2002 to June 2007. Source: authors’ calculations.

Figure 3. Equally weighted portfolio of textile and apparel companies’ stocks – performance 
from June 2007 to October 2017. Source: authors’ calculations.

Table 4. Modified Sharpe ratio (monthly rates). Source: authors’ calculations. Notes: The modified Sharpe ratio (S) was calculated using 
Israelsen’s formula [16]. 

 
Jun 2007-Oct 2017 Dec 2002-Jun 2007 Dec 2002 – Oct 2017

WIG sWIG80 PORTF WIG sWIG80 PORTF WIG sWIG80 PORTF
Average excess return -0.08% -0.34% -0.09% 2.36% 4.89% 7.66% 0.65% 1.21% 2.20%
Standard deviation 5.73% 5.95% 7.40% 5.71% 8.56% 12.19% 5.83% 7.23% 9.75%
Modified Sharpe ratio -0.00004 -0.00021 -0.00007 0.414 0.572 0.628 0.111 0.167 0.226
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Figure 1. Equally weighted portfolio of textile and apparel companies’ stocks – performance 
from December 2002 to October 2017. Source: authors’ calculations.
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for both WIG and sWIG80 indices in the 
whole period analysed and in the sub-pe-
riod 2002-2007. The small firm bias may 
explain the relatively better returns com-
paring to other, broad market indices; but 
it is important to note that in our sample 
the T&A portfolio also outperformed the 
sWIG80 index of small stocks.

	 Financial conditions of listed 
T&A companies 

Finally DuPont analysis was performed 
for data from companies’ financial state-
ments to compare the performance of 
the textile industry with that of the en-
tire manufacturing industry in Poland, 
i.e. to determine if textile manufacturers 
are economically more efficient than the 
manufacturing industry at large. As man-
ufacturing industry we applied the clas-
sification provided in Section C – Manu-
facturing – of the Polish Classification of 
Business Activity. The analysis was car-
ried out by dividing the return on equity 
(ROE) for components describing a com-
pany’s efficiency into three main areas, 
namely the management of costs and 
sales (profitability), asset management 
(asset efficiency) and debt management 
(financial leverage). 

From the numbers in Table 5, it follows 
that in most years public companies in-
cluded in the WIG-Odzież index per-
formed relatively better than the man-
ufacturing industry as a whole (Manu-
facturing, Apparel Manufacturing and 
Textile Manufacturing) as their higher 
average ROE shows. They also domi-
nated in the two key areas of efficiency, 
namely the management of costs and 
sales (as measured by NI/S) and asset 
management (according to S/A). At the 
same time, their capital structure is com-
parable with that of the whole economy. 
The data on WSE-listed manufactures of 
apparel lead to similar conclusions. As 
regards publicly-traded textile manufac-
tures, their results are below those for the 
whole economy. However, textile manu-
facturers represent only a fraction of the 
sample and thus do not change the gener-
al positive picture of companies included 
in the WIG-Odzież Index.

	 Conclusions
From 2002 to 2017 the stocks of Polish 
T&A companies were an attractive in-
vestment option. This conclusion has 
been drawn following the assessment of 
the stocks’ risk and returns using the broad 

Table 5. DuPont analysis. Notes: 
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S/A 1.11 1.13 1.15 1.18 1.23 1.2 1.14 1.12 1.16

A/E 1.91 1.87 1.9 1.91 1.96 2.05 - 1.98 1.94

MANUFACTURE OF TEXTILES – the whole economy

ROE 15.20% 11.90% 11.70% 13.70% 10.20% 9.00% - 2.70% 10.63%

NI/S 6.20% 4.80% 4.70% 5.90% 4.20% 4.10% 4.10% 1.30% 4.41%

S/A 1.4 1.43 1.37 1.34 1.3 1.18 1.1 1.09 1.28

A/E 1.74 1.73 1.82 1.75 1.88 1.86 - 1.97 1.82

MANUFACTURE OF APPAREL  – the whole economy

ROE 10.50% 11.60% 12.60% 11.80% 9.60% 10.00% - 6.90% 10.43%

NI/S 5.60% 6.50% 6.90% 6.40% 5.10% 5.60% 5.40% 3.80% 5.66%

S/A 1.16 1.12 1.13 1.15 1.11 1.05 0.95 0.97 1.08

A/E 1.63 1.6 1.6 1.62 1.69 1.69 - 1.86 1.67

PUBLICLY LISTED TEXTILE MANUFACTURERS

ROE 6.2% 3.4% 13.4% 6.1% 6.1% 15.6% 9.3% 17.5% 9.73%

NI/S 4.2% 2.4% 9.0% 3.8% 3.9% 9.2% 4.2% 9.0% 5.71%

S/A 0.81 0.75 0.77 0.84 0.88 0.88 1.04 0.84 0.85

A/E 1.83 1.94 1.92 1.94 1.80 1.94 2.13 2.30 1.98

PUBLICLY LISTED APPAREL MANUFACTURERS

ROE 12.3% 16.1% 14.6% 15.9% 19.7% 24.8% 18.7% -2.6% 14.95%

NI/S 7.0% 8.6% 7.2% 7.6% 8.9% 12.1% 9.1% -1.2% 7.40%

S/A 1.21 1.24 1.41 1.51 1.47 1.24 1.33 1.38 1.35

A/E 1.46 1.52 1.45 1.39 1.51 1.66 1.55 1.59 1.52

WIG-ODZIEŻ INDEX CONSTITUENTS

ROE 11.4% 15.7% 25.1% 19.5% 16.5% 19.1% 19.4% -1.0% 15.72%

NI/S 4.6% 6.5% 10.1% 7.6% 6.5% 8.0% 7.6% -0.3% 6.32%

S/A 1.36 1.30 1.35 1.44 1.38 1.24 1.28 1.29 1.33

A/E 1.83 1.85 1.84 1.79 1.84 1.94 1.99 2.21 1.91

Notes: 𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁
𝑆𝑆 ∗ 𝑆𝑆

𝐴𝐴 ∗
𝐴𝐴
𝐸𝐸,  where: NI – net income, S – sales, A – total assets, E – equity, ROE = NI/E. Source: calculated by 

the authors based on the EFFECT database. WIG-odzież includes all constituents at the end of November 2017. Ratios for 

each sub-sample are calculated by use of aggregated data for all of  sub-sample constituents. 

From the numbers in Table 5, it follows that in most years public companies included in the WIG-Odzież index performed 

relatively better than the manufacturing industry as a whole (Manufacturing, Apparel Manufacturing and Textile 

Manufacturing) as their higher average ROE shows. They also dominated in the two key areas of efficiency, namely the 

management of costs and sales (as measured by NI/S) and asset management (according to S/A). At the same time, their 

capital structure is comparable with that of the whole economy. The data on  WSE-listed manufactures of apparel lead to 

similar conclusions. As regards  publicly-traded textile manufactures, their results are below those for the whole economy. 

However,  textile manufacturers represent only a fraction of the sample and thus do not change the general positive picture of 

companies included in the WIG-Odzież Index.

8. Conclusions 

From 2002 to 2017 the stocks of Polish T&A companies were an attractive investment option. This conclusion has been 

drawn following the assessment of the stocks‟ risk and returns using the broad market indices ratio, and is also based on the 

, where: NI – net income, S – sales, 
A – total assets, E – equity, ROE = NI/E. Source: calculated by the authors based on the 
EFFECT database. WIG-odzież includes all constituents at the end of November 2017. 
Ratios for each sub-sample are calculated by use of aggregated data for all of sub-sample 
constituents.

Ratio 2016 2015 2014 2013 2012 2011 2010 2009 Average  
2009-2016

MANUFACTURING – the whole economy

ROE 13.10% 11.80% 9.40% 11.10% 10.90% 12.10% – 10.90% 11.33%
NI/S 6.20% 5.60% 4.30% 4.90% 4.50% 4.90% 5.10% 4.90% 5.05%
S/A 1.11 1.13 1.15 1.18 1.23 1.2 1.14 1.12 1.16
A/E 1.91 1.87 1.9 1.91 1.96 2.05 – 1.98 1.94

MANUFACTURE OF TEXTILES – the whole economy

ROE 15.20% 11.90% 11.70% 13.70% 10.20% 9.00% – 2.70% 10.63%
NI/S 6.20% 4.80% 4.70% 5.90% 4.20% 4.10% 4.10% 1.30% 4.41%
S/A 1.4 1.43 1.37 1.34 1.3 1.18 1.1 1.09 1.28
A/E 1.74 1.73 1.82 1.75 1.88 1.86 – 1.97 1.82

MANUFACTURE OF APPAREL – the whole economy

ROE 10.50% 11.60% 12.60% 11.80% 9.60% 10.00% – 6.90% 10.43%
NI/S 5.60% 6.50% 6.90% 6.40% 5.10% 5.60% 5.40% 3.80% 5.66%
S/A 1.16 1.12 1.13 1.15 1.11 1.05 0.95 0.97 1.08
A/E 1.63 1.6 1.6 1.62 1.69 1.69 – 1.86 1.67

PUBLICLY LISTED TEXTILE MANUFACTURERS

ROE 6.2% 3.4% 13.4% 6.1% 6.1% 15.6% 9.3% 17.5% 9.73%
NI/S 4.2% 2.4% 9.0% 3.8% 3.9% 9.2% 4.2% 9.0% 5.71%
S/A 0.81 0.75 0.77 0.84 0.88 0.88 1.04 0.84 0.85
A/E 1.83 1.94 1.92 1.94 1.80 1.94 2.13 2.30 1.98

PUBLICLY LISTED APPAREL MANUFACTURERS

ROE 12.3% 16.1% 14.6% 15.9% 19.7% 24.8% 18.7% -2.6% 14.95%
NI/S 7.0% 8.6% 7.2% 7.6% 8.9% 12.1% 9.1% -1.2% 7.40%
S/A 1.21 1.24 1.41 1.51 1.47 1.24 1.33 1.38 1.35
A/E 1.46 1.52 1.45 1.39 1.51 1.66 1.55 1.59 1.52

WIG-ODZIEŻ INDEX CONSTITUENTS

ROE 11.4% 15.7% 25.1% 19.5% 16.5% 19.1% 19.4% -1.0% 15.72%
NI/S 4.6% 6.5% 10.1% 7.6% 6.5% 8.0% 7.6% -0.3% 6.32%
S/A 1.36 1.30 1.35 1.44 1.38 1.24 1.28 1.29 1.33
A/E 1.83 1.85 1.84 1.79 1.84 1.94 1.99 2.21 1.91

market indices ratio, and is also based on 
the evaluation of the financial condition 
of T&A companies vis-à-vis the financial 
conditions of other Polish companies. 
However, our findings are not contradic-
tive to the basic capital market theory, 
according to which risk and return are 
positively correlated. The systematic risk 
of the T&A portfolio measured by the 
beta coefficient was higher in the entire 
period analysed and in the first sub-pe-
riod but lower in the second sub-period 
than the systematic risk of the market 
portfolio represented by the WIG-index. 
The T&A portfolio return followed that 
pattern, i.e. it was higher in the entire 
period and in first sub-period than the 
market portfolio return. However, in the 
second sub-period. the T&A portfolio re-
turn was negative and lower than both the 
market portfolio return and risk free rate. 
The same is true as to the T&A portfolio 
performance measured by a risk-adjust-
ed measure such as the modified Sharpe 
ratio. Therefore one ought to be careful 

when proposing to invest in T&A stocks, 
although such an investment was attrac-
tive in the long, 15 year period in the 
past. It is also worth mentioning that the 
portfolio of T&A stocks outperformed 
the index of small companies over the 
period of analysis as well as in both 
sub-periods. The findings give some 
guidance on how more complex trading 
strategies involving T&A stocks should 
be constructed, and they open up space 
for further research based on longer time 
periods which could offer more conclu-
sive results. 

As shown by the DuPont analysis, 
which concerns financial performance, 
T&A companies outperformed non-pub-
lic manufacturing companies on the 
whole, as well as manufacturers of 
textiles and apparel. The comparative-
ly better financial conditions of listed 
T&A companies than those of other com-
panies (even if the WSE-listed textile 
companies did not perform well in the 
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period of analysis) seem to imply that 
participation in the capital market helps 
large apparel companies in Poland to im-
prove their performance. In any case, due 
to the relatively low number of T&A list-
ed companies, such a conclusion cannot 
be formulated unambiguously, and the 
issue should be the subject of further re-
search.

The financial performance analysis 
presented above concerns the second 
sub-period. As was shown, despite 
T&A companies’ financial performance 
being better than that of the market, the 
T&A portfolio was a less attractive in-
vestment than the WIG-index in that pe-
riod. This raises a question concerning 
the relation between companies’ financial 
performance and their stock returns.

Estrada [8] explains that although finan-
cial ratios such as Earnings per Share 
(EPS) may have a significant, positive 
impact on stock prices, sometimes one 
can observe a negative correlation be-
tween the EPS growth and stock price 
growth. That means that companies 
which significantly improve their fi-
nancial conditions may suffer from low 
return of their stocks. According to Es-
trada’s view, the main reason for such 
a result is the issue called “blinded by 
growth”. It occurs when at the beginning 
of the period analysed, investors pay too 
much for a company’s growth opportuni-
ties, and later stock prices may drop even 
if the company significantly improves its 
financial performance. Our research does 
not allow us to definitely confirm such 
a view, but it shows the validity of that is-
sue in the case of Polish T&A companies 
and creates incentive for future research.
The econometric part of the study pro-
vides two important findings: 1) the beta 
estimates of the selected T&A stocks are 
affected by the intervalling effect, and 2) 
the prevalence of heteroscedasticity in 
the models using short return intervals 
implies that ARCH models are appropri-
ate for estimating betas.

The main limitations of this study are 
naturally related to the small sample of 
listed T&A stocks, which requires the re-
search conclusions to be interpreted with 
great caution. The period analysed is too 
short for formulating definite conclusions 
concerning the impact of the capital mar-
ket on T&A industry development in 
Poland. As was presented in section 2, 
such an impact in other countries was 
recognised only after more than 15 years. 

Also the methods which we used in our 
analysis allow to draw only preliminary 
conclusions, and further research on the 
relations between the risk, return and 
financial performance of T&A stocks 
should be conducted for better explora-
tion of Polish textile and apparel compa-
nies’ performance.

Editorial notes:
1) Existing evidence from various markets 
shows that betas are sensitive to the length 
of the return interval. For example, Cohen 
et al. [5] demonstrated that for low-liquidity 
and high-liquidity stocks the beta respective-
ly increases and decreases as the interval is 
lengthened.
2) Therefore we included the following sec-
tions from no. 10 to 32: manufacture of food 
products, manufacture of beverages, man-
ufacture of tobacco products, manufacture 
of textiles, manufacture of wearing apparel, 
manufacture of leather and related prod-
ucts, manufacture of products of wood, cork, 
straw and wicker, manufacture of paper and 
paper products, printing and reproduction 
of recorded media, manufacture of coke 
and refined petroleum products, manufac-
ture of chemicals and chemical products, 
manufacture of pharmaceutical products, 
manufacture of rubber and plastic products, 
manufacture of other non-metallic miner-
al products, manufacture of basic metals, 
manufacture of metal products, manufacture 
of computer, electronic and optical prod-
ucts, manufacture of electrical equipment, 
manufacture of machinery and equipment, 
manufacture of motor vehicles, trailers and 
semi-trailers, manufacture of other electrical 
equipment, manufacture of furniture, other 
manufacture.
3) If heteroscedasticity is present and the 
estimation method is OLS, the estimators of 
the models’ parameters are still unbiased but 
not efficient. This leads to serious estimation 
errors (in the magnitude of the estimator as 
well as quite often in sign). In practice, in 
such cases the beta parameter will be either 
overestimated or underestimated; hence 
its value will be not properly estimated. In 
ARCH type models the correct estimates 
are obtained by using the information about 
the variance of the error term, contained in 
the ht function, and correcting the estimates 
that are biased when the standard OLS pro-
cedure is used.
4) If heteroscedasticity is present and the 
estimation method is OLS, the estimators 
of the models‟ parameters are still unbiased 
but not efficient. This leads to serious esti-
mation errors (in the magnitude of the esti-
mator as well as quite often in sign). In prac-
tice, in such cases the beta parameter will 
be either overestimated or underestimated; 
hence its value will be not properly estimat-
ed. In ARCH type models the correct esti-
mates are obtained by using the information 
about the variance of the error term, con-

tained in the ht function, and correcting the 
estimates that are biased when the standard 
OLS procedure is used. 
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LABORATORY OF BIODEGRADATION

The Laboratory of Biodegradation operates within the structure of the In-
stitute of Biopolymers and Chemical Fibres. It is a modern laboratory with 
a certificate of accreditation according to Standard PN-EN/ISO/IEC-17025: 
2005 (a quality system) bestowed by the Polish Accreditation Centre (PCA). 
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tions that produce, process and investigate polymeric materials. Thanks to its 
modern equipment, the Laboratory of Biodegradation can maintain coopera-
tion with Polish and foreign research centers as well as manufacturers and be 
helpful in assessing the biodegradability of polymeric materials and textiles.

The Laboratory of Biodegradation as-
sesses the susceptibility of polymeric and 
textile materials to biological degradation 
caused by microorganisms occurring in the 
natural environment (soil, compost and wa-
ter medium). The testing of biodegradation 
is carried out in oxygen  using innovative 
methods like respirometric testing with the 
continuous reading of the  CO2 delivered. 
The laboratory’s modern MICRO-OXYMAX RESPIROMETER is used for 
carrying out tests  in accordance with International Standards.

The methodology of biodegradability testing has been prepared on the 
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n testing in aqueous medium: ’Determination of the ultimate aerobic 
biodegrability of plastic materials and textiles in an aqueous medium.  
A method of  analysing  the  carbon dioxide evolved’ (PN-EN ISO 14 852: 
2007, and PN-EN ISO 8192: 2007)

n testing in compost medium: ’Determination of the degree of disinterga-
tion of plastic materials and textiles under simulated composting  condi-
tions in a laboratory-scale test. A method of determining the weight loss’  
(PN-EN ISO 20 200: 2007, PN-EN ISO 14 045: 2005, and PN-EN ISO 
14 806: 2010)

n testing in soil medium: ’Determination of the degree of disintergation of 
plastic materials and textiles under simulated soil conditions in a laborato-
ry-scale test. A method of determining the weight loss” (PN-EN ISO 11 266:  
1997, PN-EN ISO 11 721-1: 2002, and PN-EN ISO 11 721-2: 2002).

The following methods are applied in the as-
sessment of biodegradation: gel chromatography 
(GPC), infrared spectroscopy (IR), thermogravi-
metric analysis (TGA) and scanning electron mi-
croscopy (SEM).
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