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Abstract

Research background: The popular term of business demography or demography
of the firm denotes a relatively young area of science which focuses on the struc-
tures of cohorts of firms and the changes that undergo within these structures. As
both the terms suggest, the studies use research methods traditionally applied in
demographic studies. Survival analysis is increasingly used in business demogra-
phy.

Purpose of the article: The purpose of the present study was to build the enter-
prises survival models for territorial groups in Zachodniopomorskie (Poland). In
the first stage the Kaplan-Meier estimator was calculated and the test to verify the
similarity of the survival function for poviats was conducted. Poviats were classi-
fied into groups. Next, the tables of enterprises survival were built and the business
liquidation intensity was analysed in individual groups.

Methodology/methods: In this study the continuous-time non-parametric models
were used: Kaplan-Meier estimator, Gehan test and duration table. Those methods
were employed to model the survival time and find differences in the survival of
firms in the poviats of the Zachodniopomorskie. In keeping with the above scheme
five territorial groups with similar enterprises survival time models were distin-
guished.

Findings & Value added: The study results presented in this article reveal the
differentiation of enterprises survival models in the territorial groups. Five groups
of poviats were distinguished. These groups, as a result of the study, have been
characterized.

Introduction
Survival analysis is increasingly used in business demography. In the

literature on the subject, one may come across papers presenting the results
of analysis of enterprises based on phenomena modelling methods. For



instance, Lopez-Garcia and Puente (2006) adopt procedures for phenomena
analysis to examine firms operating in Spain. The results of many studies
(Hannan & Freeman, 1989; Carroll & Hannan, 2000; Caves, 1998) suggest
that age, size, growth and mortality of enterprises are interrelated. Santarelli
(2000) presented using Cox regression model for analysing the duration of
new firms. The analysis is aimed at identifying the relationship between the
duration and size of newly established enterprises offering financial inter-
mediation in Italy. In his research on the bankruptcy of quoted companies
functioning in Great Britain throughout the period 1965-2002, Bhattachar-
jee (2005) suggests taking account of initial and current size of firms in the
risk model. He has proven that the effect of initial size of a given company
on its lifespan is subject to change as the enterprise “grows older”. Geroski,
Mata and Portugal (2007) conducted survival analysis with reference to
new firms established in Portugal. It was based on data collected by Portu-
guese Ministry of Labour for the period 1982-1995. On the basis of esti-
mated semi-parametric models, it was stated that large enterprises operated
longer. Kaniovski and Peneder (2008) used parametric analysis for deter-
mining the lifespan of Austrian firms during the period 1975-2004. The
researchers proved that the risk of exit was greater in the case of enterprises
operating in service sector (compared to production sector) and that larger
enterprises were more likely to survive. Nunes and de Morais Sarmento
(2012) determined survival function for firms founded in Portugal during
the period 1987-2005. 86% of enterprises survived the first year, and only
22% had operated for 18 years.

For the purpose of the survival analysis the parametric, semi-parametric
and non-parametric models are used. The construction of the parametric
models requires the adoption of a theoretical distribution of the examined
variable (Bieszk-Stolorz & Markowicz, 2015a), which is difficult in the
case of studies on the duration of enterprises (Markowicz, 2012a; Mar-
kowicz, 2014). Therefore, in this study the continuous-time non-parametric
models were used: Kaplan-Meier (K-M) estimator, Gehan test and duration
table. Those methods were employed to model the survival time and find
differences in the survival of enterprises in the poviats of the Zachodnio-
pomorskie voivodeship.

The purpose of the present study was to build the business survival
models for territorial groups. In the first stage the K-M estimator was calcu-
lated and the test to verify the similarity of the survival function for poviats
was conducted. Poviats were classified into groups. Next, the tables of en-
terprises survival were built and the business liquidation intensity was ana-
lysed in individual groups.

This study used data from the registry of REGON, related to enterprises
established in 2009-2011. These entities were observed to the end of 2013.



Research Methodology

The present paper presents the findings of studies into duration of enter-
prise. The initial event is the act of setting up a enterprise (registering it),
while the final event is its de-registration. The episode is the time between
the initial and the final events, or the duration of enterprise. In the survival
analysis the random variable is the time between the events. It is a continu-
ous variable, but it can be occasionally treated as a discrete variable if the
observed time series are fixed.

In retrospective research the data can be censored (Bednarski, 2014).
The researcher is interested in the probability of the event ending the ob-
servation of a given subject in the subsequent time units. If the event has
failed to take place by the end of the observation, we call such an observa-
tion incomplete or censored (Markowicz & Stolorz, 2009). The main rea-
sons for incomplete data to occur are our inability to continue the observa-
tion to the end, i.e. until all the subjects finish the process and the unavaila-
bility of some subjects in a fixed period of time. The former reason takes
place when the observed process lasts for too long for the research capacity,
while the latter — when the subjects have not been observed at the begin-
ning of the process, escape the observation or are eliminated from the sam-
ple. The subject’s duration can be left-, right- or bilaterally censored. Cen-
soring which is most common in empirical studies is the right-censoring,
hence such is the case in the present study (Markowicz, 2012b; Markowicz,
2015).

Random censoring takes place when individual subjects enter the obser-
vation at different calendar dates and the observation ends at a fixed date.
Such censoring type is the best for the studies on the enterprise survival
time. The period of observation is limited by dates. In the present study the
observation took place during the period 2009-2011. The observed enter-
prises were set up and closed down at different moments. In research, Au-
thor used the methods of the survival analysis: Kaplan-Meier estimator and
survival tables.

A non-parametric model of enterprises survival can be built by means of

the K-M method, provided that we assume the presence of censored obser-
vations. In contrast to the survival tables, this method does not require
grouping the observation times in class intervals.
The K-M estimator is a function that is non-increasing, periodically con-
stant, with leaps at random time points determined by complete observa-
tions. The estimator adopts the values (Kaplan & Meier, 1958; Markowicz,
2012b; Bieszk-Stolorz & Markowicz, 2015b):
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where:
t, — moment in which there was at least one event,

z; — number of events in time t;,
n; —number of units of observation at time t; .

The initial value of the survival function is 1 and it decreases at subsequent
points of time t;, at which at least one analysed event, has occurred. When

using the K-M estimator, the probability of survival can be estimated at any
time. The statistical relevance of the differences in survival models built for
groups can be measured with an adequate non-parametric statistical test,
taking into consideration the presence of censored data. The hypothesis that
the survival functions for groups are equal (Gehan, 1965; Klainbaum &
Klein, 2012) is verified by means of the Gehan test (Namboodiri & Suchin-
dran, 1987; Domanski et al., 2014).

The next stage of the analysis was the construction of cohort tables of en-
terprises survival (actuarial method) in individual groups. The tabular model
has been built for the three-month models (Markowicz, 2015). The enterpris-
es that did not go into liquidation by the end of 2013 are considered censored.

The number of enterprises that survived (n,) was given at the beginning

of the interval and calculated as n, =n,,; —(z,_, +C.,;), wherein (n,) for
t=0(n,) denotes the initial number of enterprises in the cohort; z, marks
the number of enterprises liquidated in the interval (t,t+1), c, denotes the

number of enterprises which did not experience that event by the end of the
cohort observation time.

The paper presents duration tables in actuarial version. Therefore, in next
column there is the number of units at risk (at risk of liquidation). This value

is represented by means of the formula: n, =n, —c, /2.

The next two values in the cohort table of survival were estimated accord-
ing to the discrete approach because they can be calculated only for the time
interval. First of them means the probability of a enterprise to be liquidated in
the time interval f,". The distribution of the business survival cannot be

assigned to any known type of probability distribution. This is why the func-
tions describing the process of the enterprises survival are not known, and the



tables of survival contain them their estimates calculated on the basis on em-
pirical data. The probability estimator of business liquidation in the time

interval ft* is a ratio of the number of liquidated economic entities in a giv-
en interval of time z, to the number of enterprises at risk of liquidation by

the interval n, . Opposite to the probability of business liquidation in the time
interval is the probability of business survival in the time interval:

o . N -z
b =1-f, =—=— (2)
n’[
The probability of survival and the hazard intensity are functions continuous
in their nature, but in the tables they are presented in a discrete approach. The

probability of survival when calculated for interval <t,t +1), is the probability
that the enterprise will be liquidated after the time t +1:

A*x

t
Sy = krzll Pk (3)

In the moment t =0 (in moment of setting up a economic entity) S, =1 and

this function is decreasing over time. The rate at which the survival function
is decreasing depends on the value of t and is defined as a hazard function (a:
— length of time interval):

h =t (4)

Statistical Data

The article presents the results of the cohort analysis. The cohorts com-
prise the enterprises set up in the poviats of Zachodniopomorskie voivode-
ship in 2009-2011 that were observed to the end of 2013. Throughout
2009-2011 59587 enterprises were established. By the end of 2013 the
number of liquidated enterprises reached 22234 (37%). In that study, data
comes from a database REGON (National Official Business Register).

Territorial Groups with Similar Survival Functions

With a purpose to distinguish the territorial groups with similar firm
survival times, the relevance of differences in the survival times of firms
established in 2009-2011 in 21 poviats was examined. K-M estimators were
calculated for each poviat and compared pair-wise. The groups were sepa-
rated in such a way as to ensure that each of them contains poviats where



the differences among survival time models were not statistically signifi-
cant. For each pair of poviats the hypothesis Hy : S,(t) = S,(t) was tested.

The differences were considered significant when p <0.05. Therefore,

each group contained only the poviats with similar survival functions. The
groups were ordered according to the decreasing probability of the enter-
prises survival with time. On the other hand, poviats within the groups are
ordered depending on the increasing number of similarities to poviats in
other groups. The territorial groups are shown in Table 1. In keeping with
the above scheme five territorial groups with similar enterprises survival
time models were distinguished. The first group consisted of the poviats:
Koszalin (city), Szczecin (city) and policki (adjacent to the Szczecin) where
the probability of the enterprises survival in the successive months was the
highest. Another group comprised a single poviat — drawski. The tests indi-
cated the similarity of the survival function to some poviats in the groups 1
and 3. The remaining groups were characterised with increasingly faster
declining survival functions. It needs to be noted that the last group (gryfic-
ki) had the lowest probabilities of survival in the successive months. The
last column in Table 1 shows the values test for many samples designated
for groups of multi-poviat. The results reveal the lack of significant differ-
ences in the survival function within the groups.

Table 1. Groups of poviats with similar of enterprises duration model (the Gehan
test)

Test
(p-value)

1.9565
(0.3760)

Poviat Numbers of similarities outside the group Group

o

Koszalin (city)
Szczecin (city)
policki
drawski
watecki
kotlobrzeski
mys$liborski
szczecinecki
swidwinski
goleniowski
gryfinski
Swinoujécie (city)
kamienski
stawienski
tobeski
stargardzki
pyrzycki
choszczenski
biatogardzki
koszalinski
gryficki
Source: own study

1

2

6.4037
(0.6021)

45315
(0.6051)

OO |N|B(N|FP|IO(C|UOW(W(WININ[ININ|F(|N|F-




The Cohorts Tables of Enterprises - Actuarial Version

The next stage of the analysis was the construction of cohort tables of

enterprises survival in individual groups. Out of the elements of the table,
the survival function and the intensity function of enterprises liquidation
(hazard function) was analysed.
Figure 1 shows the survival function of enterprises for five territorial groups.
The functions of individual groups take a characteristic shape. Having ana-
lysed the shape of the survival function in individual groups, the following
observations have been made:

1 passing from group 1 to group 5 we can observe lower and lower

values of survival function in a given period of time,

[J the survival functions for individual groups reached the first quartile

of the following times: 27.63;25.48;24.61;22.60;17.56 months,
O only for groups 4 and 5 function survival reaches a value of median
(51.27 and 47.36 months) .

Figure 1. Estimation the probability of enterprises survival (groups 1-5)
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Many studies have confirmed that the intensity function of enterprises lig-
uidation adopts the inverted U-shape with a fixed maximum, which is in
keeping with the theoretical learning model (Wagner, 1994; Audretsch,
Santarelli & Vivarelli, 1999; Bartelsmann, Scarpetta & Schivardi, 2005;
Markowicz, 2013).
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Figure 2. Estimation the intensity of enterprises survival (groups 1-5)
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Figure 2 shows the intensity function for five territorial groups. Having
analysed the shape of the intensity function in individual groups built ac-
cording to the survival models, the following observations have been made:

1 the intensity function of liquidation (hazard function) for group 1
takes a typical inverted U-shape with the maximum marked within
24-27 months; it adopts low values,

O passing from group 1 to 5 we can observe less and less distinct
shape of the intensity function in a form of inverted U-shape, in-
creasingly higher intensities of liquidation and increasingly strong-
er fluctuations of this intensity over time.

Conclusions

The study results presented in this article reveal the differentiation of
enterprises survival models in the poviats of the Zachodniopomorskie Voi-
vodeship. Five groups of poviats were distinguished. The groups (for 1 to
5) were characterised by:

[J decreasing time to firms liquidation (decreasing survival func-
tions),

[1 less and less distinct shape of the intensity function (inverted U-
shape),

{1 growing intensity of enterprises liquidation,

1 increasingly stronger fluctuations of intensity in time,



1 increasingly higher percentage of enterprise liquidated during two
years of activity.

The research has shown that a critical moment is the 24th month of op-
eration. One of the reasons for the enterprises liquidation may be the period
of subsidized social security contributions. Since 2005 the start-up owners
can pay significantly lower social security contributions for the first 24
months of operation, which definitely helps enterprises to survive. Howev-
er, the failure of businesses after the period of subsidized contributions
comes to an end suggests their weakness.
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