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1.  Introduction

In order to limit the negative impact of price increases on real economic 

-
cused on regulating the amount of money, to comprehensive monetary policy 
instruments, including mainly interest rates, open market operations, reserve 
requirements or non-standard instruments of portfolio reduction bonds and others.

-
ing into account the unprecedented overlapping of numerous events such as the 

-
gression in Ukraine. These events caused numerous disturbances in the monetary 

policy in the domestic sector and foreign trade), as well as in the functioning 
of households (in the area of employment or income). They were the source of 

policy in the short and medium term often has a limited impact, resulting in the 

This situation forces us to verify the existing theoretical and empirical studies 
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e.g. in terms of markups and wages.
Literature information from recent years (after the outbreak of COVID-19) 

of raising markups and employees in the form of wage increases to compensate 
for the decline in the purchasing power of nominal wages. The aforementioned 
increase in markups and wages, resulting from prudential motives, has an impact 

The aim of the study is to analyze the impact of markups and wages of 

expectations and future production costs in the economy stimulated the growth 
-

tion in Poland between 2007–2022.
Among the research methods available, the analysis of literature studies in the 

were used. The impact of markups and wages on changes in CPI were assessed 
using the VECM model, the impulse responses and variance decomposition. 

2.  Literature review 

In the process of formulating monetary policy, including the assessment of 

allow us to approximate the unobservable trend of increasing the general price 

and demand pressure and which is not directly dependent on supply shocks. Its 
advantage is that it approximates the medium- and long-term trend in the growth of 
prices of consumer goods and services (Consumer Price Index, CPI) in the economy.

is more closely related to the monetary policy pursued than in the case of other 
parts and is useful in (ex-post) analyzes of the direction and scale of the impact of 
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of price increases on the expectations of economic agents as to price dynamics 
in the future. This element is particularly important when there is a long-term 
price increase. It may turn out that as a result of the emergence and subsequent 

price dynamics, not only eliminating the possible positive impact of creeping 

second energy crisis (1974–1975, 1979–1980), the rate of economic growth slowed 

In the context of market disturbances caused by the COVID-19 pandemic 
-

tions and diagnose the causes of changes in other price indices that determine the 

and CPI indices in Poland (as well as in the world) showed a clear upward trend. 
Finally, in Q1 2023 in Poland, these indicators reached the following levels: CPI 

15%, mean trimmed 16%, respectively, excluding most volatile prices 15% and 
food and energy prices 12%. The main components determining the level of CPI 

energy prices (CSO 2023; NBP 2023b).

materials affects the increase in the prices of many goods and services, deter-
mining the increase in production costs, and in subsequent stages may cause 
a markup-wage spiral as well as a price-wage spiral (especially from Q2 2021). 

energy crises were also a challenge for many monetary institutions, including 
those in the largest economies such as the USA, Great Britain, France, or Japan 
(Kosztowniak 2022, 183–210).

empirical output:

situation or stimulating (sustaining) an increase in expenditure in the economy 

(Okun 1970).
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-
sources, or changes in food resources, caused by weather changes or inter-
ruption of supply chains, as at the beginning of the COVID-19 pandemic; 
changing both the quantities of goods and their prices that are delivered to 
the market (Dudek 2008, 71–84).

side as a result of changes in preferences or resulting from consumer deci-
sions (Dudek 2008, 85–92).

-
ducing goods and services (e.g. monopoly, oligopoly or other)  – determin-
ing the possibility of shaping the price, supply, demand and, as a result, the 
size of the surplus of producers and consumers on the market (Perry 1982, 

De Loecker, Unger 2020; Kosztowniak 2023).

(the scale depends on the share of imports in GDP) (Wang et al. 2013). 

wage demands from employers by employees or competition for the distribu-
tion of newly created value, or an increase in wage-price spiral risks in the 
period after the COVID-19 pandemic (IMF 2022, 51–69; Boissay et al. 2022).

3.  Empirical research review 

One of the interesting studies explaining the increase in margins by enter-
prises at the turn of 2021–2022 in the American economy is the study conducted 

-
nopolistic enterprise adjusting its activity and pricing policy to the increase in 
marginal costs and higher demand were analyzed. The authors pointed out that 
companies raise prices (markups) because:

out price increases over time, rather than raising them sharply and abruptly.

-

price change can always be understood as the combined effects of changes in the 
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increase.

markups in the present to mitigate price increases they expect in the future. This 

(2023, 11) on the American market shows that in 2021 the increase in markups 

higher contribution than in the previous decade. However, they note that the 
margin itself is held back by a number of unobservable factors, including changes 

was consistent with companies raising markups in 2021 in anticipation of future 
cost pressures. They also found that the increase in markups was similar across 

consistent with the aggregative increase in expected future marginal costs. They 
also stressed that the increase in markups was likely a signal that price setters 
expect a steady increase in future production costs.

The risk of the expected wage-price spiral may vary in intensity in individual 
-

bargaining power, and declining trade union membership, seem to limit the risk 
of a wage-price spiral developing.

As regards the growing wage pressure, important conclusions were also 
presented by the International Monetary Fund (IMF) in the World Economic 

nominal wages, falling real wages and falling unemployment characterized the 
macroeconomic situation in 2021 in many economies around the world. Although 
unusual, such conditions are not “unprecedented” because there have been 
22 similar episodes in the group of developed economies analyzed over the past 
40 years (and in several over the past 60 years).

since 2021 as adverse “supply shocks” hit the global economy and labor markets 
were tense in the wake of the severe COVID-19 shock. The Fund notes that the 
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may begin to feed each other and accelerate, leading to wage-price dynamics. 

episodes similar to the current one suggest that they were not usually followed 

nominal wages gradually catching up over several quarters. However, in some 

The Fund indicated that wage dynamics in 2020 and early 2021 were poorly 

Model-based analysis of wages and prices in 2020–2021 shows different underlying 
shocks, i.e. wages were effectively driven by capacity and labor supply shocks, 
while private saving was important for price developments. In the second half 

-
mies. The IMF stresses that this is an important aspect of the current economic 

slack on average, potentially indicating this gradual shift towards more normal 
economic dynamics. Of course, this shift is highly dependent on whether earlier 
shocks “retract” and whether “new” shocks emerge.

In addition, the analyzes indicate the key role of the process of shap-
ing expectations in determining wage and price prospects. When wage and 
price expectations are more retrograde, monetary policy action needs to be 

monetary policy is tightened more aggressively and the fall in real wages 
helps to reduce price pressures, according to the scenario analysis, the risk 
of a persistent wage-price spiral in the current period is moderately limited, 

formation processes of wages and prices (such as a sharp increase in the shift 
from prices to wages or vice versa).

Determining the optimal response of monetary policy depends on whether 

deviations or knows the process of shaping expectations and has full information 
on future cost shocks (IMF 2022).

4.  Changes in markups and wages by sector in Poland

Comparing the dynamics of gross markups in the enterprise sector and 
the CPI in Poland in 2007–2022, it is noteworthy that the dynamics of markups 
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amounted to 3%, there were reverse trends (increasing markups and falling CPI) 
to Q4 2019 and Q4 2020, when they amounted to 4%. Since Q3 2022, these trends 

in gross markups. The growth period of gross markups was from Q3 2021 (3%) to 
Q2 2022 (8%), followed by a decline to 6% in Q3 2022. If the restrictive impact of 

to work, a decrease in CPI is expected (Fig. 1). 

Figure 1. Gross markups in the enterprise sector and CPI in Poland in 2005–2022 [%]

the dynamics of markups in the industry sector (C) in Poland was varied, how-
ever, the dynamics of markups in the mining and quarrying section showed the 

later strongly rebounded to 31% in Q2 2022 (which was the effect of the base af-
ter the COVID-19 pandemic, as in the situation related to the energy crisis, after 
the war in Ukraine broke out. Among the other sections of the industry sector, 
which also achieved high markups, especially in Q2 2021, the following should 
be noted: water supply, sewage and waste management, reclamation (sectionE) 
and generation and supply of electricity, gas, and water (section D) showing a de-
cline in subsequent quarters. Among the other sections, high growth (reaching 
a maximum of 35% in Q1 2021) was recorded in information and communication 
activities (section J). In Q1 2022, the imposed markups achieved in construction (F) 
and real estate market services (L) recorded a decrease, rising again in Q2 2022. 
The volatility of these markups is likely to persist and will depend on changes 
in supply and employment costs, after on the side of enterprises and on the side 
of consumers from their income situation (Fig. 2).
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Figure 2. Gross markups in the industry and other sectors in Poland in 2007–2022 [%]

Industry: B – mining and quarrying, C – industrial processing, D – generation and supply of 
electricity, gas, steam and hot water, E – water supply, sewage and waste management, reclamation 

and F – construction, G – trade and repair of motor vehicles, H – transport and warehouse 
management, J – information and communication, L – real estate market service

The growing dynamics of markups was accompanied by an increase in prices 
for many goods and services, and as a result, it also stimulated an increase in wage 

on the dynamics of average monthly gross nominal wages and salaries in Poland 
in the years 2018–2022 shows that in the case of the enterprise sector, the highest 
increase in these wages was achieved in the mining and quarrying section (B), 
i.e. 37% in Q3 2022. The other sections, i.e. industrial processing (C), electricity 
generation and supply (D) or water supply and sewage and waste management 

and social assistance (Q). In the second half of 2022, however, the largest increase 
in the dynamics of gross fencing was recorded in transport and storage (H), i.e., 
27% in Q3 2022 (Fig. 3).

While the dynamics of gross nominal wages in Poland has been increasing 
since 2017, in 2021–2022, in real terms, their decrease was maintained, a trend 
clearly discernible from Q3 2021. At that time, the dynamics of real wages in the 
national economy, as well as in the sector of enterprises employing more than 
9 people, amounted to approx. 5%, falling sharply to –1.8% in Q2 2022 in the entire 
economy and to –4.3% in Q3 2022. The growing disproportion between rapidly 
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Figure 3. Dynamics of average monthly gross nominal wages in the industry and other 
sectors in Poland in 2008–2022 [%]

Industry: B – mining and quarrying, C – industrial processing, D – generation and supply of 
electricity, gas, steam and hot water, E – water supply, sewage and waste management, reclamation 

and F – construction, G – trade and repair of motor vehicles, H – transport and warehouse 

insurance activities, P – education, Q – health care and social assistance

Figure 4. Average monthly nominal and real gross wages and CPI  
in Poland in 2007–2022 [%]
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According to the NBP projections based on the NECMOD (2023) model, in the 
period 2023–2025 an increase in real wages is expected, with a gradual adjustment 
of labor costs to the slower rate of economic growth and a moderate increase in 
unemployment over the forecast horizon.

5. Research methodology

In order to analyze the relationship between changes in CPI and markups 
-

tion was developed: 

 0 1 2t t t i  (1)

The explained variable:
 t – Consumption Price Index [%].
Explanatory variables:
 _ t  – Gross markups in the economy [%], 
 _ t  – Gross wages in the economy [%],

i – random component,
 t – period.

Dates came from the CSO database sources. All variables expressed in terms 
-

pirical analysis was performed using the eViews11. 
The descriptive statistics of the analyzed variables show that in terms of ex-

plained variables, markups showed greater variability (St. dev. 0.116, C.V. 199.19, 
Skewness 1.421 and Ex. kurtosis 3.131) than wages (Tab. 1).

Table 1

Summary Statistics, using the observations 2008:1–2022:4

Variable Mean Median Minimum Maximum

0.0022373 0.00000 0.042000

0.00041674 0.041484

0.00077586 0.00000 0.031000

Variable Std. Dev. C.V. Skewness Ex. kurtosis

0.0099805 4.4610 1.4212 3.1310

0.016088 199.19 1.0632

0.013292 17.131 1.0276
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Variable 5% Perc. 95% Perc. IQ range Missing obs.

0.023000 0.010000 0

0.027678 0.020110 0

0.028100 0.014250 0

of several tests. To verify the stationarity of the analyzed time series, the Aug-
mented Dickey–Fuller (ADF) test is used, estimated by means of the regression 
equation in the following form:

 
1

k

t t i t t
i

y y   (2)

The value of the test statistic:

 
ˆ
ˆ( )

ADF
s

where ˆ   – means the parameter evaluation and s( ˆ ) – is the parameter estimate error. 

and the stationarity of the series.

estimation of the following information criteria: the Aikake information criterion 
(AIC), Schwartz–Bayesian information criterion (BIC), and Hannan-Quinn informa-
tion criterion (HQC). According to these criteria, the best lag order 4 was accepted. 

-
plied. The test indicates that in the analyzed model equation roots in respect of 
the module are lower than one, which means that the model is stable and may 
be used for further analyzes (Fig. 5).

 
integration for lag 4. This is proved by the values of the test statistic e which are low-
er than critical values critical, levels of asymptotic -values and integrated processes.

integration to the order of one occurs. Due to the occurrence of unit element in 
all the time series and the existence of cointegration between the model variables, 
it was possible to extend and transform the model into vector error correction 
models (VECM).

Table 1 cont.
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Figure 5. 

6.  Empirical model

6.1.  VECM model

of the VECM model for the lag order 1 and co-integration of order 1. In accord-
ance with the Granger representation theorem, if variables yt and xt are integrated 
to the order of I (1) and are co-integrated, the relationship between them can be 
represented as a vector error correction model (VECM). 

The general form of the VECM can be written as:

1 1 2 2 1 1
1

1

t t t k t k t k t
k

i t i t k t
i

Y Y Y Y

Y Y
(3)

where:

1 1

i k

A i k A

and I is a unit matrix.
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Table 2

VECM system

beta (cointegrating vectors, 
standard errors in parentheses)

alpha
(adjustment vectors)

1.0000 (0.00000)

(3.3527) 0.12188

(1.8425)

Equation 1:  Std. Error t-ratio -value

const 0.000802175 0.00122416 0.6553 0.5158

EC1 0.0201011 0.0628*

0.369592 0.222985

rho Durbin–Watson 2.081440

Equation 2:  Std. Error t-ratio -value

const 0.000917658 0.00140464 0.6533 0.5170

EC1 0.121885 0.0230648 5.2840 <0.0001***

0.825057 0.784373

rho Durbin–Watson 2.028696

Equation 3:  Std. Error t-ratio -value

const 0.00124978 0.00190912 0.6546 0.5162

EC1 0.0313486 0.8231

0.591495 0.496494

rho Durbin–Watson 1.938970

Note: Lag order 4, maximum likelihood estimates, observations 2009:2–2022:3 (T = 54),  
cointegration rank = 1; *  < 0.1, ***  < 0.01.

The evaluation of the vector correction model component (EC1) representing 
the mechanism of short-term adjustments which serves the attainment of the long-
term model balance (Tab. 2). Evaluation of the EC1 indicates that the strongest 
correction of the deviation from long-term equilibrium occurs in the case of the 
markups. Here, around 1.2% of the imbalance from the long-term growth path is 
corrected by a short-term adjustment process. Weaker deviation adjustments oc-

R2 
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reveal adjustment matching of the VECM model equations to empirical data, i.e., 
for CPI (22.3%), markups (78.4%) and wages (49.6%).

-
cate that in the examined model of the residual-based process (three variables), 

levels of 2. This means that there is no autoregressive changeability of the con-
ditional variance and there is no need to estimate model parameters by means 

-
ibility of the VECM model and allow for conclusions to be drawn on their basis. 

6.2.  The impulse response functions and the variance decomposition 

Analysis of CPI responses to shocks derived from markups and wages reveal 
that CPI responses are the strongest to impulses from markups and weaker form 
wages. However, CPI responds positively to both shocks. The responses of CPI 
were strongest from own past shocks, stabilizing after period 4. The impact of 
markups on CPI responses weakened 0.27% in period 2 to 0.11% in period 20 
and increasing in response to wage changes (0.03% and 0.07%). The reaction of 
the CPI impulse response was longer on the side of markups (stabilizing after 
15 periods) and shorter and weaker on the part of wages (stabilizing after 7–10 
periods) (Fig. 6).

Figure 6. Impulse responses to a one-standard error shock in CPI, markups, and wages
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CPI, markups, and wages were analyzed by means of variance decomposi-

indicate that in the period 1 these changes are fully accounted for with their own 
forecast errors. In period 2, their own changes lose (91.0%) and such markups 

decrease to 89.7% and increase the degree of its explanation by markups (7.4%) 
and wages (2.9%). 

The importance of markups in explaining changes in CPI decreases over time 
(from 8.9% in period 2 to 7.4 in period 20) and increases in wages (from 0.1% in 
period 2 to 2.9% in period 20). It is worth noting that over the forecast period, the 
degree of explanation of CPI on the part of markups remains 2–3 times higher 
than wages. However, the degree of explanation of CPI depended mainly on own 
shocks, although they show a certain decrease (100.0% and 89.7%).

The decomposition results for markups and wages indicate that their changes 
depend on their previous own changes. However, during the change of markups, 
it depends more on wages (from 2.8% in period 2 to 25.5% in period 20) than 
results of wages decomposition on the part of markups (from 4.3% in period 1 
to 5.1% in period 20) (Tab. 3).

Table 3

Decomposition of variance for CPI, markups, and wages in the 20 periods

for for for 

pe-
riod

d_Mark d_Mark d_Mark

1 100.0000 0.0000 0.0000 5.7638 94.2362 0.0000 2.4625 4.3182 93.2193

2 91.0013 8.8825 0.1163 4.8801 92.2917 2.8283 2.4741 6.7836 90.7424

3 90.5639 7.6235 1.8126 4.4923 92.0865 3.4212 1.7691 7.7933 90.4376

4 89.9924 8.2168 1.7908 4.0182 77.8132 18.1686 2.1547 7.3058 90.5395

5 89.4622 8.3272 2.2107 5.3610 76.8578 17.7812 2.1093 7.3186 90.5721

6 89.8565 7.6826 2.4609 5.5400 76.8040 17.6560 2.0829 6.6618 91.2553

7 89.8656 7.7622 2.3723 6.0523 74.4948 19.4529 2.0422 6.3256 91.6322

8 89.6911 7.8389 2.4700 5.9596 73.8235 20.2169 1.8652 6.4160 91.7187

9 89.6957 7.7113 2.5929 6.1394 73.5214 20.3392 1.8140 6.1627 92.0233

10 89.7555 7.5980 2.6465 6.1143 73.4313 20.4543 1.7336 5.9762 92.2902

11 89.7511 7.5813 2.6677 6.0506 72.4998 21.4496 1.6775 5.8494 92.4731

12 89.7200 7.5777 2.7023 5.9976 71.9640 22.0385 1.6175 5.7462 92.6364

13 89.7276 7.5155 2.7569 6.0348 71.7340 22.2312 1.5588 5.6419 92.7993
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for for for 

pe-
riod

d_Mark d_Mark d_Mark

14 89.7474 7.4718 2.7809 5.9973 71.2886 22.7141 1.5247 5.5172 92.9581

15 89.7413 7.4607 2.7980 5.9456 70.7295 23.3249 1.4803 5.4445 93.0753

16 89.7328 7.4414 2.8258 5.9241 70.3244 23.7515 1.4417 5.3747 93.1837

17 89.7397 7.4103 2.8500 5.9065 69.9831 24.1103 1.4093 5.2945 93.2962

18 89.7447 7.3888 2.8665 5.8717 69.5624 24.5660 1.3791 5.2284 93.3924

19 89.7417 7.3770 2.8812 5.8322 69.1041 25.0638 1.3516 5.1717 93.4767

20 89.7408 7.3608 2.8985 5.8083 68.7307 25.4609 1.3247 5.1191 93.5562

7.  Conclusion 

The analysis of the theoretical and empirical literature indicates various de-

in the supply of non-wage inputs causes costs to increase. However, increases in 
aggregated demand cause an growth in demand for: goods and services, inputs 

The growing various effects of the COVID-10 pandemic, the outbreak of 
war in Ukraine and the aftermath of the energy crisis are responsible for both 

of raising markups and employees in the form of wage increases to compensate 
for the decline in the purchasing power of nominal wages.

The results of empirical and econometric analyzes allowed the formulation 
of the following conclusions for Poland.

1. In the years 2007–2022, markups showed a higher dynamic of change than 
wages.

2. In terms of the dynamics of markups and wages, the highest dynamics was 
achieved by the industry sector, including the mining and quarrying sec-
tion (B). High dynamics of markups, apart from mining, was shown in the sec-
tion of water supply, sewage and waste management, reclamation (section E) 
and electricity, gas and water production and supply (section D). Among the 

Table 3 cont.
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(section J) recorded a high increase. In the case of wage dynamics, sections 
of transport and storage (H) and health care (Q) were characterized by high 
dynamics.

3. Analysis of CPI responses to shocks derived from markups and wages reveal 
that CPI responses are the strongest to impulses from markups and weaker 
from wages. However, CPI responds positively to both shocks. The responses 
of CPI were strongest from own past shocks, stabilizing after period 4. The 
impact of markups on CPI responses was weakening (0.27% in period 2 
to 0.11% in period 20) and increasing in response to wage changes (0.03% 
and 0.07%). The response of the CPI impulse response was longer on the 
part of markups (stabilizing after 15 periods) and shorter and weaker on 
the part of wages (stabilizing after 7–10 periods)

for with their own forecast errors in period 1. In period 2, their own changes 

In period 20, the CPI’s own changes decrease to 89.7% and increase the de-
gree of its explanation by markups (7.4%) and wages (2.9%). Moreover, the 
importance of markups in explaining CPI changes decreases over time (from 
8.9% in period 2 to 7.4 in period 20) and increases in wages (from 0.1% in 
period 2 to 2.9% in period 20). Moreover, in the forecast period (20 periods, 
5 years), the degree of CPI explanation on the part of markups remains 
2–3 times higher than wages.

5. The results of the decomposition for markups and wages indicate, in the 
forecast period (20 periods), that their changes mainly depend on their 
own earlier changes. However, over time, markups changes may depend 
more on wages (from 2.8% in period 2 to 25.5% in period 20) than results of 
wages decomposition on the part of markups (from 4.3% in period 1 to 5.1% 
in period 20). This means the expected increase in the importance of wages.

in Figure 4 means that in the short and medium term the need to rebuild the real 
purchasing power of wages will be accompanied by wage pressure. The wage 

addition, it is worth emphasizing that unfavorable democratic changes in Poland 
(low birth rate, fewer and fewer new people entering the market at working age) 
may contribute to maintaining the upward trend in wages.

Summing up, the presented results of empirical research indicate a positive 
-

in Poland at the turn of 2007–2022, with the expected stronger impact of wages 
in subsequent years, in accordance with the variance decomposition.”
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8.  Study limitations and directions for the further research 

The study has some limitations. First, the period of maintaining exogenous 

-
pectations at a high level, both on the side of enterprises deciding, for example, 
to change markups or employees who pass wage increases. The third, the effects 

In future surveys, an important issue is the study of the impact of monetary 

changes in the distribution of income in the economy, i.e. socio-economic conse-
-
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