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Abstract

Background: In spite of the course of the economic crisis of 2008, there have not been
changes dramatic to the extent that they would strongly alter the behaviour of the trend in
the Average Gross Monthly Wages and the Monthly Wage Medians in the Czech Republic. In
order to support public and monetary planning, reliable forecasts of future salaries are
indispensable. Objectives: The aim is to provide an outline of the behaviour of the average
gross wages and the gross wage medians of the Czech business sphere up to the end of 2018
using an optimised random walk model and an opfimised ARIMA Model with a constant.
Methods: Consumer price indices were used in the confrontation of the behaviour of the
Average Gross Monthly Wages and the Monthly Wage Medians with the behaviour of
inflation in the Czech Republic. The Box-Jenkins methodology is used for the fime series
modelling. Results: The Czech Average Gross Monthly Wages and the Monthly Wage
Medians in the business sector will continue to grow more rapidly than the Czech inflation
growth, expressed by consumer price indices. Conclusions: It is possible to expect that the
rising trend of the Average Gross Monthly Wages and the Gross Wage Medians will be more
rapid than the growth of inflation.
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Infroduction

Stochastic modelling may seem to be a simple instrument, nevertheless in the dynamic world
of a developing economy, including that of the Czech Republic (Bucevska, 2012), the
assumptions of even far more complicated models for estimating the future trend of
economic fime series may be very easily infringed (Smrcka et al., 2012). The past shows us
that, in spite of the course of the economic crisis of 2008 (Jefdbkovd et al., 2011), there have
not been any changes so dramatic that they would strongly alter the behaviour of the tfrend
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in Average Gross Monthly Wages and Monthly Wage Medians. The decline was only
temporary, not permanent. The constant increase in the aggregate price level in time and
with it the constant rise in Average Gross Monthly Wages and Monthly Wage Medians can be
assumed for the future with roughly the same probability as the rise in fuel prices and other
economically precious raw materials (lvanov et al., 2013). The Czech Republic is, according
fo the valid classification of the European Stafistical Office (EUROSTAT), still classified as a
developing economy. Such economy has the advantage to recover faster from the
economic slowdown compared to the economically more developed countries (Okafor et
al., 2010; Montiel et al., 2006). After the impact of the economic slowdown in the Czech
Republic, the problems of financial indiscipline and restricted access to financial markets
(Peji¢c-Bach, 2003) did not occur, which helped to accelerate the return to equilibrium.

Authors compare the inequality of the Average Gross Monthly Wages between the
Czech business and non-business sector, using sophisticated approach of modelling of
seasonal time series (Langhamrovd et al., 2012; Simpach et al.,, 2012). If we compare the
evolution of income in the business and non-business sector in the Czech Republic, we find
the significant inequality between them, especially af the fimes economic slowdown. The
behaviour of income is usually described using the average wages. Unforfunately, the
average is not robust statistics, which often leads to significant misalignment of observed
variable (van den Berg et al., 2012). For this reason, in recent times, wage medians are used
for analysing the income statistics.

For the requirements of the analysis we shall consider the fime series of the Average
Gross Monthly Wages and Monthly Wage Medians with quarterly frequency, published by
ISAE (Information System on Average Earnings) and also the time series of consumer price
indices with quarterly frequency, published by the CZSO (Czech Statistical Office). All the time
series considered start with the 1st quarter of 2002 and end with the last quarter of 2010. The
methodological approach used will be that of authors Box and Jenkins (1970) for the
modelling of time series, especially the ARIMA Model and the Random Walk Model. On the
basis of these models, we shall outline the behaviour of the average gross monthly wages,
wage medians and consumer price indices up to the end of 2018. This behaviour will be
important in particular for the requirements of interested subjects, who will then be able more
easily fo create their adaptive expectations (Evans et al., 2001; Shepherd, 2012).

In order to estimate the behaviour of Average Gross Monthly Wages and Monthly
Wage Medians in comparison with the behaviour of Czech inflation, the indices of Average
Gross Monthly Wages and of Monthly Wage Medians will be calculated on the basis of the
average for 2005. Results indicate that it is possible to expect that the rising trend of Average
Gross Monthly Wages and Monthly Wage Medians will be more rapid than the growth of
inflation. Simple conclusion emerges that the Czech business sector need not, providing
ceteris paribus, directly fear the devaluation of wages through inflation, as the growth of
inflation is expected to be slower.

Methodology

For the requirements of the comparison of the behaviour of the Consumer Price Indices with
the behaviour of Average Gross Monthly Wages, or with the behaviour of Monthly Wage
Medians, an average will be calculated from the values for the observations from the 1st
quarter of 2005 — 4th quarter of 2005. This value will be used for calculation of the indices of
Average Gross Monthly Wages (AGMW), and the indices of Monthly Wage Medians (MWM).
The calculation of indices of Average Gross Monthly Wages is given by subsequent formula

AGMW,
AGMW __ qt i
Iq.t - (AGMW1Q2005+~-+AGMW4Q2005) 100 [%] (1)

4

and the calculation of indices of Monthly Wage Medians is given by formula

MWM
MM = a -100 [%] . (2)

(MWM1Q2005+"'+MWM4Q2005)
4
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Since we used the same base for all indices (average of 2005 = 100%), it is possible to
compare them with each other. These indices, obtained from the ARIMA Model and the
Random Walk Model, will be confronted with the values of the consumer price indices in a
multiple X-Y ploft.

Modelling the average gross monthly wages and monthly wage

medians

On the basis of the methodological approach of the authors Box and Jenkins (1970), we
identified the ARIMA Model (1, 1, 1) with constant for the times series Average Gross Monthly
Wages and further the Random Walk Model with drift, where the drift was opfimised at the
value 273.457. The drift was calculated by an iterative method in the system Statgraphics
Centurion XVI, version 16.1.11. The estimates of the parameters of the ARIMA (1, 1, 1) Model
with constant are given in Table 1.

The diagnostic tests of the model indicate that the non-systematic component of the
model is not auto-correlated. It is homoscedastic, and has normal distribution (Engle, 1995;
Jargue et al., 1980). Using the ARIMA (1, 1, 1) model with constant and the Random Walk
Model with a drift of 273.457, we calculated the predictions up to the end of 2018, which are
depicted in Figure 1 and Figure 2. It is evident that both models provide comparable resulfs,
albeit the intervals of reliability in the ARIMA Model are somewhat narrower.

Table 1

Estimates of parameters of the ARIMA (1, 1, 1) model with constant for the fimes series
Average Gross Monthly Wages

Parameter Estimate Stnd. Error T-Statistic P-value

AR(1) -0.982392 0.0573603 -17.1267 0.000000

MA(1) -0.807264 0.134941 -5.98235 0.000001

Mean 266.198 54.5818 4.87704 0.000028

Source: Author's calculation

Figure 1
Behaviour of Average Gross Monthly Wages (in CZK) from the 1st g. of 2002 to the 4th g. of
2010 with calculated predictions up fo the 4th g. of 2018 using the ARIMA Model

Time Sequence Plot for Average Gross Wage = actual
forecast
(X 1000,0) ARIMA(1,1,1) with constant —— 95,0% limits
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Source: ISAE, Author’s illustration
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Behaviour of Average Gross Monthly Wages (in CZK) from the 1st g. of 2002 to the 4th q. of
2010 with calculated predictions up to the 4th g. of 2018 using the Random Walk with drift

Time Sequence Plot for Average Gross Wage L]
Random walk with drift = 273,457
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Source: ISAE, Author’s illustration

Table 2 provides forecasts of Average Gross Monthly Wages using ARIMA Model, and
Table 3 provides forecasts of Average Gross Monthly Wages using the Random Walk Model
with drift. Values expressed in Czech crowns were converted to values in Euro, using the
conversion rate 1 EUR=25.06 CZK, which was set according to the Czech National Bank (CNB)
at 31/12/2010.

Table 2

Forecasts of Average Gross Monthly Wages Using ARIMA model (in CZK and EUR, conversion
rate was set according to the Czech National Bank (CNB) at 31/12/2010 1 EUR=25.06 CZK)

Period CIK EUR Period CIK EUR Period CIK EUR

Q1.10 26 792,6 10692,14 Q1.13 293220 117007 QIl.16 32536,7 129835
Q2.10 26 784,7 1068,82 Q2.13 297978 118906 Q2.16 329722 131573
Q3.10 26 496,4 1057,32 Q3.13 29858,1 1191,46 Q3.16 33072,1 1319,72
Q4.10 27 008,1 107774 Q4.13 30326,6 1210,16 Q4.16 33501,7 1336,86
Q1.11 27 176,3 1084,45 QI1.14 3039%94,1 121285 QI1.17 33607,3 1341,07
Q2.11 27 684,1 1104,71 Q2.14 308555 123126 Q217 34031,3 1357,99
Q3.11 27 713,0 110587 Q3.14 309299 123423 Q3.17 341425 136243
Q4.11 28 212,3 112579 Q4.14 31384,5 125237 Q4.17 345609 1379,13
Ql1.12 28 249,5 1127,27 Q1.15 314656 125561 Q1.18 34677,6 1383,78
Q2.12 28 740,6 1146,87 Q2.15 31913,6 1273,49 Q218 35090,7 140027
Q3.12 28 785,8 1148,68 Q3.15 32001,2 127698 Q3.18 35212,6 140513
Q4.12 29 269,1 1167,96 Q4.15 324429 1294,61 Q4.18 35620,5 1421,41

Source: Author's calculation
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Table 3
Forecasts of Average Gross Monthly Wages using Random Walk Model; conversion rate was
set according to the Czech National Bank (CNB) at 31/12/2010 1 EUR = 25.06 CZK

Period CZK EUR Period CIK EUR Period CIK EUR

Q1.10 26997,5 107731 Q1.13 29617,1 1181,85 QIl.16 328986 131279
Q2.10 26498,5 1067,40 Q213 298906 119276 Q2.16 33172,1 132371
Q3.10 267355 106686 Q3.13 301640 120367 Q3.16 334455 1334,62
Q4.10 26791,5 106909 Q4.13 30437,5 121458 Q4.16 337190 134553
Ql1.11 27 429,5 109455 Q1.14 30710,9 122549 QIl1.17 339924 135644
Q2.11 277029 110546 Q214 30984,4 123641 Q2.17 342659 136735
Q3.11 279764 111638 Q3.14 31257,9 124732 Q3.17 345393 137826
Q4.11 282498 1127,29 Q4.14 31531,.3 125823 Q4.17 348128 138918
Q1.12 285233 113820 QI1.15 318048 1269,15 QIl.18 350863 1400,09
Q2.12 28796,7 1149,11 Q2.15 320782 128006 Q2.18 353597 1411,00
Q3.12 29070,2 116002 Q3.15 32351,7 1290,97 Q3.18 356332 142192
Q4.12 29 343,7 117094 Q4.15 326251 1301,88 Q4.18 35906,6 143283

Source: Author's calculation

The use of Monthly Wage Medians is suitable for expression of the wage differentiation of
the Czech Republic, as more than 60 % of the population is already receiving a below-
average wage. A Monthly Wage Medians is a more robust statistic, which is less encumbered
by remote values (Zeleny, 2001). In a similar way to that used in the case of the time series
Average Gross Monthly Wages we identified the ARIMA (2, 1, 2) model with constant and
further the Random Walk Model with drift for the time series Monthly Wage Medians. The drift
was opfimised af the value of 212.171. The drift was calculated by an iterative method in the
system Statgraphics Centurion XVI, version 16.1.11. The estimated parameters of the ARIMA (2,
1, 2) model with constant are given in Table 4.

Table 4
Estimated parameters of ARIMA (2, 1, 2) model with constant for the time series Monthly
Wage Medians

Parameter Estimate Sind. Error T-Statistic P-value
AR(1) 0.39407 0.15897 2.4789 0.019025
AR(2) -0.646481 0.16629 -3.88766 0.000519
MA(1) 1.02827 0.143553 7.16302 0.000000
MA(2) -0.887883 0.107661 -8.24701 0.000000
Mean 195.766 51.4061 3.80822 0.000645
Constant 245.179

Source: Author's calculation

Again, the diagnostic tests of the model are statistically significant on the 5% level of
significance. Using the ARIMA (2, 1, 2) model with constant and the random walk model with
a drift of 212.171, we calculated predictions up to the end of 2018, which are depicted in
Figure 3 and Figure 4. Table 5 provides forecasts of monthly wage medians using ARIMA
Model. Table 6 provides forecasts of Monthly Wage Medians using the Random Walk Model
with drift.

When comparing the values of the Average Gross Monthly Wages and Monthly Wage
Medians, it is clear that the Monthly Wage Medians are in each observation of about 19.25 to
20.66% lower than the Average Gross Monthly Wages.
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Figure 3
Behaviour of Monthly Wage Medians (in CZK) from 1st g. of 2002 to 4th g. of 2010 with
calculated predictions up to the 4th g. of 2018 using the ARIMA Model

Time Sequence Plot for Median Wage = actual
forecast

(X 1000,0) ARIMA(2,1,2) with constant —— 95,0% limits
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Source: ISAE, Author’s illustration

Figure 4
Behaviour of Monthly Wage Medians (in CZK) from 1st g. of 2002 to 4th g. of 2010 with
calculated predictions up to the 4th g. of 2018 using the Random Walk Model with drift

Time Sequence Plot for Median Wage = actual
forecast

(X 1000,0) Random walk with drift = 212,171 —— 95,0% limits
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Table 5
Forecasts of Monthly Wage Medians using ARIMA model; Conversion rate was set according
to the Czech National Bank (CNB) at 31.12.2010 1 EUR = 25.06 CZK

Period CZK EUR Period CIK EUR Period CIK EUR

Q1.10 2115832 844,10 Q1.13 23777,0 948,80 Q1.16 26107,0 1041,78
Q2.10 210853 841,39 Q2.13 23978,4 956,84 Q2.16 26302,8 104959
Q3.10 218190 870,67 Q3.13 24148,8 963,64 Q3.16 26 500,6 1057,49

Q4.10 22126,6 882,94 Q4.13 24330,8 970,90 Q4.16 26 697,1 106533
Q1.11 22 286,4 889,32 Q1.14 24537,7 979,16 Q1.17 26891,9 1073,10
Q2.11 222903 889,48 Q2.14 24746,6 987,49 Q2.17 27086,8 1080,88
Q3.11 22 4858 897,28 Q3.14 24940,6 995,23 Q3.17 272828 1088,70
Q4.11 228054 910,03 Q4.14  25126,9 100267 Q4.17 274793 109654
Q1.12 230502 919,80 Q1.15 25320,3 101032 QI1.18 276751 1104,35
Q2.12 231852 925,19 Q2.15 25521,1 101840 Q2.18 27870,6 1112156
Q3.12 233253 930,78 Q3.15 257204 102635 Q3.18 280660 111995

Q4.12 23538,4 939,28 Q4.15 259143 1034,09 Q4.18 282620 1127,77

Source: Author's calculation

Table 6
Forecasts of Monthly Wage Medians using Random Walk; Conversion rate was set according
fo the Czech Natfional Bank (CNB) at 31.12.2010 1 EUR = 25.06 CZK

Period CIK EUR Period CIK EUR Period CIK EUR

Q1.10 219122 874,39 Q1.13 24116,5 962,35 Q1.16 26 662,6 106395
Q2.10 21107,2 842,27 Q2.13 24328,7 970,82 Q2.16 26874,8 107242
Q3.10 21 632,2 863,22 Q3.13 245409 979,29 Q3.16 27086,9 1080,88
Q4.10 218872 873,39 Q4.13 24753,1 987,75 Q4.16 27 299,1 1089,35
Q1.11 22 419,2 894,62 Q1.14 249652 996,22 Q1.17 27511,3 1097,82
Q2.11 22 631,3 903,08 Q2.14 25177,4 1004,68 Q2.17 27723,5 1106,28
Q3.11 22843,5 911,55 Q3.14 25389,6 1013,15 Q3.17 279356 1114,75
Q4.11 23055,7 920,02 Q4.14 25601,7 1021,62 Q4.17 28147,8 112322
Q1.12 23267,9 928,49 Q1.15 25813,9 1030,08 QI1.18 283600 1131,68
Q2.12 23480,0 936,95 Q2.15 26026,1 103855 Q2.18 28572,1 1140,15
Q3.12 23 692,2 945,42 Q3.15 262383 1047,02 Q3.18 28784,3 1 148,62
Q4.12 23904,4 953,89 Q4.15 26450,4 105548 Q4.18 28996,5 1157,08

Source: Author's calculation

Modelling of consumer price indices
The Consumer Price Index is generally recognised as the measure of inflation (Bhattacharya
et al. 2008). The indices published are based on the average for 2005 (valid methodology of
Czech Statistical Office). The inflation trend is important in for the individual expectations of
economic subjects (Hommes et al., 2013). The expected level of inflation has to be used in
the indexing of wages, in the estimation of the valuation of long-term orders and also in the
provision of loans and credit (Even et al., 1996; Hanes, 2010). In the case that the future level
of inflation grows more rapidly than the growth of the Average Gross Monthly Wages or the
Monthly Wage Medians, the real growth of wages, wages would sfill increase, but only
nominally, therefore reducing purchasing power.

In order to forecast Consumer Price Indices, we identified the ARIMA Model (0, 2, 1) with
constant and also the Random Walk Model with drift for the fime series of Consumer Price
Indices. The drift was optfimised at the value of 0.564103. The drift was calculated by an

10
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iterative method in the system Statgraphics Centurion XVI, version 16.1.11. The estimates of
the parameters of the ARIMA (0, 2, 1) model with constant are given in Table 7.

Table 7
Estimates of parameters of the ARIMA (0, 2, 1) model with constant for the time series of
Consumer Price Indices

Parameter Estimate Sind. Error T-Statistic P-value
MA(1) 1.07262 0.0499598 21.4697 0.000000
Mean 0.00142017 0.00204462 0.69459 0.491771
Constant 0.00142017

Source: author's calculation

Figure 5

Behaviour of Consumer Price Indices (Basis — Average for 2005 = 100) from 1st g. of 2002 to 4th
g. of 2010 with predictions calculated up to the 4th g. of 2018 using the ARIMA Model (0, 2, 1)
with constant

Time Sequence Plot for Consumer Price Indices ® actual
forecast
ARIMA(0,2,1) with constant —— 95,0% limits
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Figure 6
Behaviour of CPI (Basis — Average for 2005 = 100) from 1st g. of 2002 to 4th g. of 2010 with
predictions calculated up fto the 4th g. of 2018 using the Random Walk Model with drift

Time Sequence Plot for Consumer Price Indices = actual

forecast
Random walk with drift = 0,564103 —— 95,0% limits
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Source: CZSO, Author’s illustration
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The diagnostic tests of the model indicate that the non-systematic component of the
model is not auto-correlated, is homoscedastic and has normal distribution. Using the model
of ARIMA (1, 1, 1) with constant and the Random Walk Model with a drift of 273.457. The drift
was calculated by an iterative method in the system Statgraphics Centurion XVI, version
16.1.11. The predictions were calculated up to the end of 2018 and these are shown in Figure
5 and Figure 6.

The individual models are also divergent to some extent to their forecasts. However, in the
discretion of the forecast horizon, it can be argued that it is not significant deviation. In the
case of consumer price indices is the difference between the observations in the interval from
0.117 to 0.543 % (compare Figure 5 and 6) and the different value of the difference is also
mainly influenced by the assumed quarter.

Comparison of the behaviour of the Consumer Price Index with the
behaviour of Average Gross Monthly Wage Indices and Monthly
Wage Medians

For the requirements of the comparison of the behaviour of the Consumer Price Index with
the behaviour of Average Gross Monthly Wage Indices, or with the behaviour of Monthly
Wage Medians, an average was calculated from the values for the observations from the 1st
quarter of 2005 — 4th quarter of 2005. Based on this value, the indices Of Average Gross
Monthly Wages or the indices of Monthly Wage Medians were calculated, as presented in
the Methodology section of the paper.

These indices, obtained from the ARIMA model and the Random Walk Model, were
confronted with the values of the Consumer Price Indices in a multiple X-Y plot. Figure 7
compare Average Gross Monthly Wage Indices and Consumer Price Indices expected
behaviour forecasted using ARIMA Model with constant. Figure 8 compare Average Gross
Monthly Wage Indices and Consumer Price Indices behaviour forecasted using Random Walk
Model. Again, only slight relative differences are evident. However, in the case of a random
Walk Model, the imaginary "scissors" between two series of indices opens a little more.

Figure 7
Behaviour of Average Gross Monthly Wage Indices and Consumer Price Indices up to the 4th
g. of 2018, ARIMA Model with constant

Multiple X-Y Plot Variables
s Average Gross Wage ARIMA (indices)
» CPlI ARIMA
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Source: CISO, ISAE, Author’s illustration
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Figure 8

Behaviour of Average Gross Monthly Wage Indices and Consumer Price Indices up to the 4th

g. of 20
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The confrontation of the values of the Consumer Price Indices with the values of the
Monthly Wage Medians Indices is shown in Figure 9 for the ARIMA Model with constant, and in

Figure 1

Figure 9

0 for the Random Walk Model.

Behaviour of Monthly Wage Median Indices and Consumer Price Indices up fo the 4th
Quarter of 2018, ARIMA Model with constant
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Figure 10
Behaviour of Monthly Wage Median Indices and Consumer Price Indices up fo the 4th
Quarter of 2018, Random Walk Model

Multiple X-Y Plot Variables
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= CPI RANDOM
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Source: CZISO, ISAE, Author's illustration

Conclusion

By the end of 2012, the significant recovery of the Czech economy is not generally expected
(Jandcek et al., 2011; Plasil et al. 2012). If a recovery starts, probably in 2013, it will be
determined also by the economic the situation of trade partner countries of the Czech
Republic, and the level of the recovery from the crises in entfire European Union. In the case
that the recovery occurs, the first who recognize the increase in gross monthly wages will be
the employees of the business sector. The employees of non-business sector have their wages
long-term fixed at the specific tariffs and eventual recovery of the economy will need to
have a longer-period than become to change the tariffs. This is mainly the reason why this
work is focused on the Czech business sphere.

Results of our research revealed following conclusions. Assuming ceteris paribus, it is to
be expected that the Average Gross Monthly Wages and Monthly Wage Medians in the
business sector of the Czech Republic will rise. The Consumer Price Indices, indicating
aggregate price level of the domestic economy, will also rise. Due to the point that the
speed of the rising frend of Average Gross Monthly Wages and Monthly Wage Medians might
be higher than the rate of growth of inflation, it is possible to forecast with high certainty that
real wages may confinue to grow in the business sector in the future. However, to our
knowledge none of the public institutions in the Czech Republic attempted so far fo compare
the future evolution of Consumer Prices Indices and wages, using any statistical techniques.
Therefore, this paper presents a novel approach to forecasting future salaries’ level, using
stochastic modelling in the Checz Republic.
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