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Abstract

This paper deals with the time series analysis and their development prediction of gross
premium written of liability insurance of employers for work injuries and occupational
diseases in the frame of the Czech insurance market for years 2012 and 2013. The time series
are defined as a sequence of data points, measured typically at successive times, spaced at
time intervals. Data in this modeling are gross premium written of liability insurance of
employers for work injuries and occupational diseases of members of CAP (Czech Insurance
Association, within the analyzed insurance, this association covers 100% of the Czech
insurance market) in years 2001 to 2011. This analysis does not include economic factors (for
example: inflation, economic progress, economic recession, economic shocks).

Introduction

All employers who have at least one employee are required to be insured against liability for
damage, accident at work or occupational diseases (statutory insurance). If employers
arranged this insurance with the Ceskd pojisfovna, a.s. by 31 December 1992, they are
insured with the insurance company. Other employers are insured by the insurer Kooperativa,
pojistovna, a.s.

When characterizing the Czech insurance market, several basic economic indicators appear.
For example, gross premium written of life and non-life insurance, number of insurance
contracts, number of employees in insurance companies and so forth. In this paper, gross
premium written of liability insurance of employers for work injuries and occupational
disease (in legislative conditions of the Czech Republic, it is the only statutory insurance)
within years 2001 to 2011 will be analyzed and their development prediction for years 2012
and 2013 will be given. The data for this analysis used from the Czech Insurance Association
(CAP) and from the Czech National Bank (CNB). The analysis is developed for the Student
Project Grant Competition 2012; grant No. 3838. Time series analysis is discussed in many
textbooks, see Hamilton (1994) [1]; Hindls, Hronova and Novék (2000) [2]; Chatfield (2003)
[3] and Tsay (2005) [4].

In the first part of this paper, basic characteristic development of time series will be analyzed.

The second part will aim at identification of the trend by means of hypotheses tests, than an
acceptable model with prediction for years 2012 and 2013 will be chosen. The estimate of
trend function values will be analyzed by using the statistic program Statgraphic Centurion
XVL In the final tables R.M.S.E. (root mean square error), I adjusted”2 (adjusted index of
determination), t-fests (tests criterion), P-values (critical significance limits) and total F-test



will be presented. Each contribution must have a chapter called “Introduction” which is not
numbered.

1 Time Series Analysis

1.1 Basic Characteristic Development of Time Series

For calculation of basic characteristic development of time series it is necessary analyze data
about development of gross premium written of liability insurance of employers for work
injuries and occupational disease and total gross premium written of non-life insurance and
their percentage proportion (see Tab. 1 and Fig. 1). Another interesting indicator in the
insurance is a loss ratio, which is the share of claims costs (total benefit) and total gross
premiums written (see Tab. 2 and Fig. 2).

Tab. 1: Development of Gross Premium Written of Insurance of Employers for Work Injuries
and Occupational Disease

Total gross premium | Gross premium written .
- - . Percentage share of gross premium
Year written of non-life of statutory insurance ritten of statutory insurance in
() insurance (in thousands of CZK) W utory msu .,
(in thousands of CZK) B total gross premium written (%)
2001 52 462 237 2618 722 4.99
2002 56 624 001 4067 310 7.18
2003 64 817 070 4297011 6.63
2004 68 377 194 4550 996 6.66
2005 72 125 154 4 859 277 6.74
2006 74 889 748 5199 571 6.94
2007 78 767 841 5675928 7.21
2008 82 942 866 6222 365 7.50
2009 83 961 630 6139 931 7.31
2010 84 231 496 6 094 095 7.23
2011 83 083 478 6 285 543 7.57
Source: Own from [5], [6]

Tab. 2: Development of Gross Premium Written of Insurance of Employers for Work Injuries
and Occupational Disease

Gross premium written . Loss ratio as a share of total
5 Total insurance benefit .
Year qf statutory insurance costs insurance ben(.eﬁt costs and gross
((3) (in thousands of CZK) (in thousands of CZK) premlur.n written of statutory
Vi insurance (%)
2001 2618 722 1 849 074 71
2002 4067 310 2079 224 51
2003 4297011 2 415 953 56
2004 4550 996 2 595 634 57
2005 4 859 277 2 713 900 56
2006 5199 571 2 973 255 57
2007 5675928 3 098 801 55
2008 6222 365 3269 080 53
2009 6139 931 3397763 55
2010 6 094 095 3317 664 54
2011 6 285 543 3502 693 56
Source: Own elaboration from [5], [6]
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The values y; for statutory insurance are in Tab.2. The subscript ¢ in next equations
characterizes time period (in this paper one year).

We consider other six indicators [2], [4]:

the first difference (absolute gain, ;A,), the second difference

28 =1 A1 Ay (1)
growth coefficient
ke, =2 2
V-1
the growth rate
8, =T, —100 3)
increase rate
Tyt =k;-100 4)

are given for statutory insurance in Tab. 3. In Fig. 3, the development of values of absolute
gain is shown.

The average absolute gain (5) and the average growth coefficient (6) are of important
characteristics [2], [4]

n

DA,

1A=1=

2 Yn—N
= , 5
n—1 n—1 )

where 7 is the number of values (in this paper n = 11).

The results of average absolute gain 1s 366 682 100 CZK for statutory insurance.

[ Ei2 (5)
3

The results of average growth coefficient are 1.091504 (which corresponds to 9.15%) for
statutory insurance.
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Tab. 3: Elementary Characteristic Development of Gross Premium Written of Statutory

Insurance

Year

®

o)

Gross premium written of statutory
insurance in thousands CZK

1A

A

ki

T,

2001

2618722

X

X

X

X

2002

4067 310

1448 588

X

1.553166

155.3166

2003

4297011

229 701

-1218 887

1.056475

105.6475

2004

4 550 996

253 985

24 284

1.059107

105.9107

2005

4 859 277

308 281

54 296

1.067739

106.7739

2006

5199 571

340 294

32013

1.070030

107.0030

2007

5675928

476 357

136 063

1.091615

109.1615

2008

6222 365

546 437

70 080

1.096273

109.6273

2009

6 139 931

82 434

-628 871

0.986752

98.67520

2010

6 094 095

-45 836

36 598

0.992535

99.25348

2011

6 285 543

191 448

237 284

1.031415

103.1415

Source: Own elaboration from Tab. 1
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The trend identification was analyzed by the program Statgraphics Centurion.




The results of tests of individual trend functions parameters can be find in Tab. 4.

Tab. 4: Linear, Quadratic and Exponential Trend (Gross Premium Written of Statutory

Insurance)
Trend Linear trend Quadratic trend Exponential trend
. _ 2 +pt
Trend function | 7, =B, +p¢ T, =By + Bt + Byt T, :e(Bo Bit)

Trend function

~

T, =3107200000 +

A

T, =2324830000 +

]: = pl21:8924+0.07171341)
L=

forecast 330781000t ggégggggff -
R.M.S.E. 375 252 000 247 599 000 490 683 000
| P udiustea (Vo) 89.4149 95.3917 79.7798
ly ¢ Bo=0 Py =0 By =0
H,: By =0 By =0 By =0
B, 3 107 200 000 2 324 830 000 21.8924
;rf:stts criterion | ;5 g045 8.54986 286.287
P-value 0.000000 < 0,05 0.000027 < 0,05 0,000000 < 0,05
Hy : B =0 B =0 =0
H,: By =0 B, =0 B, #0
B, 330 781 000 691 872 000 0.0717134
tTf:stts criterion | o 54514 6.64332 6.36046
P-value 0,000007 < 0,05 0,000162 < 0,05 0,000131 < 0,05
H, : B,=0
H,: B, =0
B, 30 090 900
;l:;a:st: criterion 3.55984
P-value 0.007402 < 0,05
Test conclusion Erissgli_rl?'ve Ho,

The linear trend is

The quadratic trend is

The exponential trend is

Hy : not acceptable not acceptable model. not acceptable model.
model.

H,: Non H, Non H, Non H,

F-test 85.47 104.5 40.46

P-value 0.0000 < 0.05 0.0000 < 0.05 0.0001 <0.05

Test conclusion Disapprove Hy, Disapprove Hy, Disapprove Hy,
prove H;. prove H;. prove H;.

Source: Own elaboration

The roots mean squared error “R.M.S.E.” (7) is calculated as:
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RM.S.E.=, /%Z( v, —T, )2 7

The adjusted index of determination (8) is defined by:

2
(”—1)[2(%—%) } L =Sy (=S,

I3 1— L _
e[S TnE| s,

adjusted

(8)

where S7 is theoretical sum of squares and Sk is residual sum of squares. Test criterion by the
prove of hypothesis Hy has distribution F' by (p — 1) and (n — p) degrees of freedom.

After estimating the parameters of individual trends it is necessary, by interpolation criteria
and testing hypotheses, to choose the appropriate model. The character of actual trend values
y 1s also examined, these differences are called residues. Accuracy of the estimate is
measured by the average residual characteristics [4] of M.A.E., M.A.P.E., M.E., M.P.E.

The mean absolute error “M.A.E.” (9) is calculated as:
Z ‘J’t - ft

MAE==""_1 )
n

The mean absolute percentage error “M.A4.P.E.” (10) is calculated as:

‘yt_f;‘

100
MAPE.=) | ——|— (10)
Yt n
The mean error “M.E.” (11) is calculated as:
-7,
ME.= M (11)
n
The mean percentage error “M.P.E.” (12) is calculated as:
~T7,) 100
MPE=Y|2 "= (12)
Yt n

The results of average characteristics of the residues of M.A.E., M A.P.E., M.E., and M.P.E.
are presented in Tab. 5.

Tab. 5: Average Characteristics of the Residues of MLA.E., M. A.P.E., M.E., M.P.E.

Residues | Linear trend | Quadratic trend | Exponential trend
M.A.E. 267 664 000 151 306 000 379 312 000
M.A.P.E. 6.48551 3.81792 8.6224
M.E. -0.000000520186| -0.000000520186 0.000000136702
M.P.E. -1.09686 -0.414535 -0.606808

Source: Own elaboration

The quadratic trend is available according to the results of RMSE, M.A.E., MA.P.E., M.E.,
M.P.E., adjusted index of determination, ¢-fests, P-values and total F-test [2], [3], [4]. For the
forecast of this model, see Fig. 4.
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Fig. 4: Time Series Equalization by Quadratic Trend and Forecast of Development by Next
Two Years

According to the results of statistic program Statgraphics Centurion, the predicted values of
gross premium written of statutory insurance with 95% confidence level will be in the interval
of 5446 170 000 CZK — 7 142 250 000 CZK (with point prediction of 6 294 210 000 CZK) in
the year 2012 and in the interval of 6 233 810 000 CZK — 7 272 450 000 CZK (with point
prediction of 6 233 810 000 CZK) in the year 2013.

Conclusion

The development of gross premium written of statutory insurance can be modelled with
quadratic trend. The development point prediction with 95% confidence level for next two
years is 6 294 210 000 CZK for year 2012 and 6 233 810 000 CZK for year 2013.

This analysis doesn’t include economic factors (for example: inflation, economic progress,
economic recession, economic shocks).
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ANALYZA CASOVYCH RAD A PREDIKCE VYVOJE PREDEPSANEHO HRUBEHO
POJISTNEHO POJISTENI ODPOVEDNOSTI ZAMESTNAVATELE ZA PRACOVNI URAZY A
NEMOCI Z POVOLANI V RAMCI CESKEHO POJISTNEHO TRHU

Tato prace se zabyva analyzou casovych fad a predikci vyvoje hrubého ptedepsaného
pojistného u pojisténi odpoveédnosti zaméstnavatele za pracovni irazy a nemoci z povolani
v ramci &eského pojistného trhu pro roky 2012 a 2013. Casové fady jsou definovany jako
sekvence datovych bodd, métenych obvykle po sobé jdoucim case, které jsou umistény
v ¢asovych intervalech. Daty v této modelaci jsou hrubé ptedepsané pojistné u pojisténi
odpovédnosti zaméstnavatele za pracovni irazy a nemoci z povolani élenti Ceské asociace
pojistoven a také data Ceské narodni banky za obdobi let 2001-2011. Tato analyza
nezahrnuje ekonomické faktory (naptiklad: inflaci, hospodarsky pokrok, hospodatskou recesi,
ekonomické Soky).

ZEITREIHENANALYSE UND PROGNOSE DER BRUTTOPRAMIEN DER
UNFALLVERSICHERUNG FUR ARBEITSUNFALLE UND BERUFSKRANKHEITEN AUF
DEM TSCHECHISCHEN VERSICHERUNGSMARKT

Diese Arbeit beschiftigt sich mit der Zeitreihenanalyse und der Prognose von Bruttoprdmien
Unfallversicherung fiir Arbeitsunfdlle und Berufskrankheiten auf dem tschechischen
Versicherungsmarkt fiir die Jahre 2012 und 2013. Zeitrethen werden als Folge von
iiblicherweise in zeitlicher Abfolge gemessenen Datenpunkten definiert, die in zeitlichen
Intervallen angeordnet sind. Die Daten in dieser Modellierung bestehen in den Bruttoprdmien
der Unfallversicherung fiir Arbeitsunfdlle und Berufskrankheiten der Mitglieder des
Tschechischen Versicherungsverbands und auch die Daten der Tschechischen Nationalbank
fiir den Zeitraum 2001-2011. Diese Analyse schlieBt wirtschaftliche Faktoren wie Inflation,
wirtschaftlichen Fortschritt, wirtschaftliche Rezession 6konomische Schocks usw. nicht mit
ein.

ANALIZA SZEREGOW CZASOWYCH I PROGNOZOWANIE SKEADKI PRZYPISANEJ
BRUTTO ODPOWIEDZIALNOSCI PRACODAWCOW UBEZPIECZEN Z TYTULU
WYPADKOW PRZY PRACY I CHOROB ZAWODOWYCH W CZESKIM RYNKU

UBEZPIECZEN

Niniejsze opracowanie dotyczy analizy szeregdéw czasowych i prognozowania sktadek
przypisanych brutto w odpowiedzialno$ci pracodawcow ubezpieczen z tytutu wypadkéw przy
pracy i choréb zawodowych na czeskim rynku ubezpieczen w latach 2012 1 2013. Szeregi
czasowe okreslone sg jako cigg punktéw danych, mierzonych zazwyczaj kolejno w pewnych
odstepach czasu. Dane w omawianym modelowaniu stanowig sktadki przypisane brutto
odpowiedzialno$ci pracodawcoéw ubezpieczen ztytutu wypadkdéw przy pracy i1 chorob
zawodowych Czeskie Zrzeszenie Ubezpieczycieli 1 dane z Czeskiego Banku Narodowego
w okresie 2001-2011. Analiza ta nie obejmuje czynnikoéw ekonomicznych (takich jak:
inflacja, postep gospodarczy, recesja gospodarcza, wstrzasy gospodarcze).



