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Abstract1*2aaa

The paper estimates the elasticity of substitution between capital and labour under biased 
technical change in  the manufacturing sector in  the Czech Republic. We use a dataset 
covering the period 1995–2019 and a 2-digit industry level, from NACE10 to NACE33. 
We  find industry-level elasticities to  be 0.19 and 0.94; therefore, labour and capital 
seem to be gross complements rather than substitutes across all manufacturing sectors. 
In the core industries of the Czech manufacturing sector, the elasticity is below average. 
Even if these core sectors have high and increasing labour costs (except NACE29, where 
the labour costs are below average), they do not replace labour with capital at a higher 
pace. This  cannot be explained by  the direction of  technological bias because it  is not 
capital-augmenting. On the other hand, our findings are in line with the literature, as most 
studies on transition countries report low estimates for the elasticity.
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Introduction

During the last decades, the unemployment rate in the Czech Republic has oscillated around 
6%, hitting a maximum of 8.8% in 2000 and being on a path of significant decrease after 
2016, reaching 2% only in 2019 (CZSO, 2020). There is a long-lasting deficit of labour 
supply perceived by Czech companies, which can be a limiting factor to their development. 
Low unemployment rates are furthermore accompanied by another negative fact: labour 
productivity increases at a slower rate than wages. This can lead to Czechia’s decreasing 
international competitiveness. One way to  respond to  this  development is substituting 
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work with capital. There is a current pressure to implement Industry 4.0 elements and 
move upwards in Global Value Chains (GVC), which is especially relevant for the Czech 
Republic as a country heavily relying on manufacturing and currently placed in the middle 
of GVC (Vlčková, 2018).

Substituting factors of production may not be so simple, though. In some cases, factors 
may be complements and cannot be replaced easily. Economic theory uses the elasticity 
of substitution as a measure of substitutability between labour and capital, and it is designated 
as σ (sigma) in the literature. Early studies found σ to be around 1, but most recent studies 
present more mixed results. Estimates appear to be very sensitive to the methodology and 
data used. Most papers estimate country-level σ, although it seems logical that substantial 
differences between sectors should exist. There is very little academic research on the direction 
and magnitude of the substitutability between labour and capital in the Czech Republic. 
To our knowledge, there are very few studies that estimate country-level σ (Szomolányi 
et al., 2017) and there is no study that estimate sector-level σ for the Czech Republic.

The aim of our paper is to estimate the industry-level elasticities of substitution 
between labour and capital (σ) for the manufacturing sector in the Czech Republic, namely 
from NACE10 to NACE33. We consider this relevant especially in the context of heavy 
reliance of the Czech economy on these sectors. The share of these sectors in total employ-
ment is 28% and the share in total gross value added is 30% (CZSO, 2020). In our study, 
we use a dataset covering a period of 25 years, from 1995 to 2019.

1. Theoretical Background and Empirical Estimations
A rich body of literature studying the elasticity of substitution (σ) between labour and 
capital has emerged after Arrow et al. (1961) developed an explicit CES (Constant Elasti-
city of Substitution) production function (see Equation 1):
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    (1)

where Yt is the real output, π is a distribution parameter denoting the share of capital 
in the output, At is an efficiency parameter (Hicks-neutral technological shifter) and Kt and Lt 
are the amounts of capital and labour. Under perfect competition, capital and labour are paid 
by their marginal products, so the elasticity of substitution is given by the change in propor-
tion of capital and labour due to a change in the factor price ratio (see Equation 2).

σ =  
d log( K )L

d log( w )r
     (2)
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when σ = 1, the CES production function is defined as the Cobb-Douglas function. If σ > 1, 
the production factors are gross substitutes, and accordingly, if σ < 1, they are gross comple-
ments. This would imply that values of σ above unity could be a source of continual growth, 
as the scarce and abundant factors of production could easily be replaced.

Early studies concluded that σ and technological bias could not be assessed simul- 
taneously and adopted a Hicks-neutral specification. More recent studies take into con- 
sideration biased technological progress1. In this sense, the original CES production 
function can be extended to capture technological progress (as specified in Leon-Ledesma, 
2010; Antras, 2004) and takes the following form (see Equation 3):
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                                      (3)

where K
tA and L

tA are measures for capital- and labour-augmenting technological progress 
(index of capital- and labour-augmenting efficiency, respectively), though being able 
to capture technological bias (e.g., a situation where K K

t tA A ). The bulk of the literature 
usually assumes specific functions for factor-augmenting technical progress, as for example 

K
tA = 0

K tKA e  and 0
LtL L

tA A e ,  where γK and γL reflect growth in technological progress 
associated with capital and labour, respectively, and t is a time trend. The underlying 
assumption is that the indices K

tA and L
tA  grow at constant rates. Table 1 summarizes 

the types of technological progress that can be considered.

Table 1: Types of technical progress

γK > 0 ;   γL  > 0 ;   γK = γL Hicks-neutral technological progress

γK > 0 ;   γL  = 0  Harrod-neutral technological progress

γK > 0 ;   γL > 0  Solow-neutral technological progress

γK > 0 ;   γL > 0 ;   γK > γL   Capital-saving biased technological progress

γK > 0 ;   γL > 0 ;   γK < γL   Labour-saving biased technological progress

Source: Authors‘ own summarization

1 If we assume two factors of production, labour and capital, technological bias can have two directions: 
labour-augmenting technological bias and capital-augmenting technological bias. Augmenting is 
a technical progress that increases the effectiveness of the input. Augmenting should not be confused 
with deepening, which denotes the relative share of the amounts of factors of production.
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Allowing for biased technological progress is very important. As Klump et al. (2012) 
summarize, different combinations of technological bias and σ can lead to similar outcomes 
in terms of factor income. For instance, if σ > 1 (labour and capital are gross substitutes), 
a labour-augmenting technological bias will favour labour. Returns to labour relative 
to returns to capital will increase; therefore, the share of labour and capital income will 
increase as well. If σ < 1 (labour and capital are gross complements), a labour-augmenting 
technological bias will favour capital (e.g., the share of capital income in labour income will 
increase). Table 2 offers a summarization of these outcomes. The idea is that, for example, 
gross complementarity between factors and capital-augmenting technological bias will lead 
to a different outcome than gross complementarity and labour-augmenting technological 
bias. On the other hand, misspecification of technological progress can lead to significant 
bias in the estimation of σ.

Table 2: Implications of value of σ and different directions of technological bias

Value of elasticity Direction of technological bias Outcome in terms of income share

σ < 1 Capital-augmenting Increase in income share of labour

σ < 1 Labour-augmenting Increase in income share of capital

σ > 1 Capital-augmenting Increase in income share of capital

σ > 1 Labour-augmenting Increase in income share of labour

Source: Authors‘ own summarization 

The relevance of technological bias is also supported by empirical evidence. For instance, 
Antras (2004) shows that adoption of Hicks neutrality biases σ estimations towards unity. 
As Leon-Ledesma et al. (2010) point out, the origin of factor income movements is very 
important in terms of their different implications (growth accounting, inequality, calibration 
in business cycle models, public policy issues, etc.). Acemoğlu (2003) investigates the nature 
of technological change and concludes that technological progress is labour-augmenting 
on a balanced-growth path, while it is capital-augmenting on a transitional path. His analysis 
of direction of technological bias has many implications in areas as tax policies, trade, impact 
of large macroeconomic shocks, etc. A widely cited study by Karabarbounis and Neiman 
(2014) concludes that the labour share in developed economies had been constantly decreasing 
over the past 35 years. They explain these observations by σ ≠ 1 and biased factor-augmenting 
technical change. 

Empirical estimations of σ cover a wide range of values, both below and over unity. 
Arrow et al. (1961) estimated σ for the USA for 1909–1949 and found it to be 0.6. Later stud-
ies using US data seem to support gross complementarity between US labour and capital data 
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(Berndt, 1976; Antras, 2004; Chirinko, 2008; Leon-Ledesma et al., 2010; Klump et al., 2007; 
Klump et al., 2012; Cantore et al., 2015).

Cross-country estimates and estimates focusing on other than US data provide more 
mixed results. Studies assuming Hicks neutrality often find values of σ above unity. Duffy 
and Papageorgiou (2000) use a sample of 82 countries over a period of 28 years and find σ 
to be above unity in average (around 1.4), the estimates for poorer countries being lower than 
in richer countries. Karabarbounis and Neiman (2014) obtain an estimate around 1.25. Bert-
hold et al. (2002) adopt the Harrod neutrality assumption and obtain a value of 1.45 for Ger-
many and 2.01 for France, which are higher than their estimates for the USA (1.15). Studies 
adopting a factor-augmenting approach find estimates below unity for the Euro area (Klump et 
al., 2008). On the other hand, Jalava et al. (2006) argue that they found similar results for Fin-
land and the USA (0.5) and they state that σ is therefore not dependent on specific structure 
of economic institutions but probably reflects more general aspects of technology and pro-
duction. Lee and Tcha (2004) find a value of 0.5 for transition countries, which is in line with 
earlier studies on transition economies, which also find low estimates of σ (Weitzman, 1970; 
Easterly and Fisher, 1995). Mallick (2012) estimates the elasticity for 90 countries and finds 
support for the complementarity of labour and capital, while Raurich et al. (2012) find a value 
above one for Spain. Sala and Trivin (2018) present more recent estimates and obtain values 
below unity in the OECD countries. They also conclude that in these countries, the elasticity 
increases along with the degree of globalization; but it decreases with the level of technology.

Knoblach et al. (2020) summarize the estimates from 71 studies on the US economy 
published between 1961 and 2017 and find that most estimates are in the interval (0.45; 0.87) 
for the aggregate level and the values are similar for manufacturing industries. Gechert et al. 
(2019) run a meta-analysis of 121 studies and find a weighted mean of 0.8 for σ. Both studies 
find σ to be bimodal (with two peaks, one peak near 1 and another peak near 0). Estimations 
at industry and firm level are generally slightly lower in their values. Figure 1 presents 
the distribution of the estimations in these two studies.

Based on previous research, we expect to obtain industry-level estimates of the elasticity 
of substitution between labour and capital below one. Furthermore, considering that the Czech 
Republic is still influenced by its transition path, the values of σ would probably be rather 
low. On the other hand, as de La Grandville (1989) states, developing economies should 
therefore have higher values of elasticity, because change in prices of factors of production 
are quickly reflected in changes of product. The Czech Republic is not a developing country, 
but we should be expecting lower values than in countries with a higher level of development. 
Finally, in sectors with high labour costs, the elasticity should be higher, reflecting a higher 
pressure to reduce labour costs. The ongoing technological changes, often covered by the term 
Industry 4.0, should boost the elasticity values.
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Figure 1: Histograms with values of σ: meta-analysis by Knoblach et al. (2020) 

(top figure) and Gechert et al. (2019) (bottom figure) 

 

Source: Knoblach et al. (2020); Gechert et al. (2019)
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2. Methodology and Data

2.1  Methodology

We adopt a CES production function as specified in Arrow et al. (1961) and expand it with 
biased technological progress (Equation 3 in the previous section). As discussed earlier, 
the bulk of literature assumes that the indices K

tA and L
tA  grow at constant rates, which are 

captured by γK and γK, so the production function becomes (Equation 4):
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             (4)

In our research, we use data on evolution of factor share in total factor productivity pub-
lished by the AMECO and use it as a measure for time-varying K

tA and L
tA . Compared 

to previous studies, we do not have to adopt the assumption of these indices growing 
at constant rates; therefore, we can rely on the CES written in Equation (3). However, 
the disadvantage of our approach is that we do not have industry-level estimates, so 
we will assume that the growth rates are equal across sectors. After applying the first-or-
der conditions to Equation (3) with respect to capital and labour, and combining the FOC 
with respect to capital and the FOC with respect to labour, we obtain the final estimation 
form2 (Equation 5):

 log log log 1 log
1

L
t t t

tK
t t t

K w A
L r A
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                                 (5)

where wt is the price of labour services and rt is the price of capital services.

2.2 Data

The estimation of Equation 5 requires data on the stock of capital and labour, prices 
of labour and capital services and data necessary to measure the variables and L

tA .
We get most of our data from the CSZO Database of National Accounts. An alter-

native would be to use the WIOD Socio Economic Accounts, which also provides sec-
tor-level data. The reason why we prefer the CSZO database is because it covers a longer 
period of time and does not aggregate some of the sectors as the WIOD does. Another option 
would be the EU-KLEMS database, which also focuses on productivity issues and does 
provide sector-level data with some aggregation. However, it covers a shorter period and 

2 Similar approaches are discussed in Antras (2004), Leon-Ledesma et al. (2010) or Gechert et al. 
(2019).
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the construction of the indicators that would come into consideration does not suit our model. 
In our analysis, we cover the period 1995–2019 at a NACE-2 industry level. We will use data 
from the EU-KLEMS database only as a robustness check for the price of capital services.

The detailed construction of our variables is as follows. There are two options when 
it comes to measuring the labour stock (Lt): the first one is the number of persons or FTE 
(full-time equivalents), the other is the number of hours worked. Data are further usually 
broken down into employed persons (or hours) and self-employed persons (or hours). 
We construct our estimate for the labour stock by summing up employed and self-employed 
labour and we use the number of hours worked. We consider that it reflects more accurately 
the amount of labour engaged in the production process (see also Herrendorf et al., 2015; 
Klump et al., 2012). 

The costs of labour services (wt) are calculated as the share of compensations 
to employees and number of hours worked (by employed persons). We follow the lit-
erature by assuming that the compensations to self-employed and employed persons 
do not differ significantly. Compensations to employees consist of employer contributions 
for social insurance, wages and remunerations. Items such as taxes and subsidies related 
to employment, as well as employee benefits, are not included.

To measure the stock of capital (Kt), we use data on fixed assets at constant prices. 
To measure the price of capital services (rt), we employ two approaches. The first one is 
to calculate the price of capital services according to Equation 6:

ri,t =
(1 – θi,t)Yi,t

Ki,t
   (6)

where Yi,t is the real output and is measured as the gross value added (GVA) at constant 
prices, and θi,t is the share of labour income in sector i’s value added (VA). We calculate θi,t 
as the share of labour compensation on GVA at current prices. This approach can often be 
encountered in papers which do not use US data (Herrendorf et al., 2015, Kreuser et al., 
2015, etc.) and the same approach is used by the EU-KLEMS and WIOD databases when 
estimating capital costs. Papers using US data might construct the price of capital services 
differently due do different data availability.

However, to make sure that our calculations of price of capital services are accu-
rate, we also employ a second approach. In this second approach we calculate the price 
of capital services as the share of variable CAP, available in the EU-KLEMS database, 
and the fixed assets at current prices, retrieved from the CSZO. This second approach 
to measuring the price of capital services has two limitations: the variable CAP is available 
only until 2017, and the sectoral breakdown is not fully available, as some NACE sec-
tors are aggregated (NACE10-12, NACE13-15, NACE16-18, NACE22-23, NACE24-25, 



443Politická ekonomie, 2021, 69 (4), 435–456, https://doi.org/10.18267/j.polek.1324

NACE29-30 and NACE31-33). In such cases, we assumed that the price of capital ser-
vices is the same within the aggregated groups; however, this will be kept in mind when 
comparing the results of these two approaches. In the Results section, Model 1 and Model 2 
will denote the first and second approach to price measurement, respectively. In order to meas-
ure the variables K

tA and L
tA , we use data from the AMECO database, which publishes infor-

mation on labour and capital share in total factor productivity on a yearly basis. Table 3 pre-
sents the summary statistics for all above-mentioned variables for the years 1995 and 20173:

Table 3: Summary statistics for the stock of capital and labour, prices of labour and 

capital services (aggregate values for NACE10-33)

1995 min median max mean sd

K 7,327 29,470 186,185 47,205 44,652

L 7,882 87,934 296,141 101,708 75,907

r (CZSO) 0.053 0.184 0.515 0.199 0.111

r (EU-KLEMS) 0.086 0.217 0.647 0.222 0.117

w 0.055 0.075 0.117 0.080 0.018

2017 min median max mean sd

K 5,499 63,316 484,731 105,471 107,563

L 2,139 69,452 359,311 101,437 96,942

r (CZSO) 0.119 0.225 0.698 0.251 0.121

r (EU-KLEMS) 0.033 0.211 0.350 0.202 0.073

w 0.154 0.291 0.569 0.289 0.091

Source: Authors‘ own calculations based on CSZO (2020) and EU-KLEMS (2020)

Finally, in order to be able to apply Equation (5), we need to verify whether the Czech 
manufacturing sector meets the perfect competition requirements. In order to assess the ful-
filment of this condition, we adopt an empirical approach and look into several aspects: 
number and size of firms (the higher the number of firms and the smaller the firms, 
the higher the competition level), trade openness (manufacturing products are in their vast 
majority tradeable goods; therefore, the higher the trade openness, the higher the competi-
tion faced by domestic firms) and probability of market distortions (government policies; 
in the case of sector-oriented policies, markets might be distorted and pulled farther from 
perfect competition).

3 Untabulated results for each year or for each NACE are available upon request.
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Out of the 24 manufacturing sectors, only three report a number of firms under 100
(NACE12 with 7 firms, NACE19 with 26 firms and NACE21 with 93 firms). Out 
of the remaining 21 sectors, 19 report over 1,000 firms and 5 report over 10,000 firms 
(NACE14, NACE16, NACE25, NACE27 and NACE33)4 (CSZO, 2020). The vast major-
ity (92.9%) of firms in the Czech manufacturing sector are microfirms, 6.6% are SMEs 
and 0.5 % are large firms (MPO, 2020).

In terms of trade openness, the Czech Republic reported in 2019 a value of 143% 
of trade/GDP, ranking 26th worldwide (WB, 2021). At sector level, the highest trade turn-
overs were in NACE24-29, 20 and 22 (MPO, 2020). These 7 sectors account for 74% 
of the gross value added in the manufacturing sector (CSZO, 2020). For these reasons, 
it is possible to generally conclude that the Czech manufacturing sector is highly exposed 
to international competition (see also Bič and Vlčková, 2020).

Lastly, because the Czech Republic lacked a clear industrial policy until recently5, 
when the Innovation Strategy was presented (RVVI, 2019), we assume that there was less 
distortion of market competition than if public funding was systematically channelled 
to certain industries.

3. Results and Discussion

We run our model in R, imposing the condition on the sum of regression coefficients to be 
equal to unity.6 Our estimates for the elasticity are shown in Table 4. Due to autocorrelation, 
we apply the Prais-Winsten Estimator for AR(1) serial correlation.7 The procedure recur-
sively estimates the coefficients and the error autocorrelation of the specified model until 
sufficient convergence of the AR(1) coefficient is reached (Mohr, 2019). We employ our 
calculations for the price of capital services in Model 1, while we use data from EU-KLEMS 
for the price of capital services in Model 2. The fact that EU-KLEMS aggregates certain 
NACE sectors is reflected by merged cells in the columns for Model 2. For these sectors, 
the results must be interpreted with caution. The biggest differences (column 3 compared 
to column 4) are for NACE16, NACE19, NACE22 and NACE33. Out of these sectors, only 
NACE19 does not have an aggregate estimate of price of capital services, but on the other 

4 The names of the sectors can be found in the tables in the Results and Discussion section. More 
detailed statistics on the number of firms per sector can be found in Table 6.

5 As Vlčková (2017) points out, “industrial policy has been non-existent since the transition”. 
Because programmes to support companies were not successful, the Czech Republic focused 
rather on attracting foreign investments and building the necessary infrastructure, in order 
to increase Czech competitiveness.

6 Using the offset argument of the lm() function in the package “stats”.
7 Using the prais_winsten function in the package “prais” (Mohr, 2019).
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hand, this sector reports the second-lowest number of firms in 2018 (26), which might bias 
the results. The estimates in column 5 should be taken as a robustness check rather than main 
results. Therefore, in our further analysis, we will focus on the results in column 4.

Our estimate for the aggregate elasticity in the manufacturing is 0.659, which suggests 
capital and labour are gross complements. Our results are close to what Oberfield and Raval 
(2014) estimated based on microdata for manufacturing firms (they found a value of 0.75 
in 2007). We reject the Cobb-Douglas function, which is consistent with many previous 
results (Antras, 2004; Klump et al., 2007; Leon-Ledesma et al., 2010, etc.). As discussed 
previously, the aggregate elasticity seems to be higher than firm-level or industry-level esti-
mates; therefore, the fact that our estimate is higher that the aggregate σ for the Czech Repub-
lic obtained by Szomolányi et al. (2017) could be slightly surprising. The level of detail 
might play a certain role in this sense; Gallaway et al. (2003), for instance, assessed the elas-
ticity at SIC22 and found significant differences between 4-digit and 3-digit level estimates. 

Empirical estimations of industry-level σ support the complementarity between labour 
and capital (Young, 2013; Herrendorf et al., 2015; Chirinko and Mallick, 2017). Claro 
(2002) estimated industry-level elasticity for a set of 28 countries and found values near 
unity, but he adopted a Hicks-neutral approach, which, as discussed earlier, causes a bias 
of σ towards unity. Herrendorf et al. (2015) estimated σ at three main sector levels (agricul-
ture, manufacturing and services) in the USA and obtained values over 1 for agriculture and 
around 0.8 for the other two sectors. Young (2013) and Chirinko and Mallick (2017) esti-
mated σ for 35 industries in the USA and found values below 0.5 for most industries. Table 4
summarizes our estimates both before and after applying the Prais-Winsten Estimator.

We obtain sector-level estimates of the elasticity between 0.192 and 0.942. The highest 
value is for NACE12 (Manufacture of beverages), and the lowest for NACE15 (Manufac-
ture of leather and related products). Sectors with a high share in the Czech GVA (NACE22, 
25, 27, 28, 29) have rather low elasticities, around 0.35 for all the mentioned sectors except 
NACE25, for which we obtained an estimate of 0.613.

Before comparing our results with industry-level estimates from other studies, we must 
highlight several important differences and other aspects. Firstly, the sensitivity to method-
ology and data is high (Young, 2013; Antras, 2004). According to some authors, the esti-
mates are influenced especially by the price of capital services (Berndt, 1976; Inklaar, 2008). 
Secondly, the period is important: short-term elasticity seems to be lower than long-term 
estimates (Balistreti et al., 2003). Thirdly, differences in classifications, especially between 
US and EU data, also limit the comparison of the results, and fourthly, country specifics are 
very important. The Czech Republic is a small open economy on a post-transition path. 
This should lead to lower estimates for the Czech Republic. Some industries in the Czech 
Republic report a lower number of companies, therefore being potentially less stable.
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Table 4: Estimation results

NACE-2 sector

Before applying 

the Prais-Winsten 

Estimator

After applying 

the Prais-Winsten 

Estimator

(1) (2) (3) (4) (5)

Model 1 Model 2 Model 1 Model 2

Manufacturing (NACE 10-33) 0.782*** 0.705*** 0.659*** 0.685***

Manufacture of food products (NACE10) 0.702***
0.744***
0.617***
0.884***

0.519***
0.586***

0.618***

0.852***

Manufacture of beverages (NACE11) 1.268*** 0.889***

Manufacture of tobacco products (NACE12) 1.067*** 0.941***

Manufacture of textiles (NACE13) 1.028*** 0.757***

0.456***

0.708***

0.503***
0.323**

0.055

0.351*

Manufacture of wearing apparel (NACE14) 0.404*** 0.213*

Manufacture of leather and related products (NACE15) 0.244** 0.192*

Manufacture of wood and products of wood and cork; 

except furniture; manufacture of articles of straw and 

plaiting materials (NACE16)

0.961*** 0.739***

0.550***

0.411***

0.736*** 0.444***

0.434***

0.333**

Manufacture of paper and paper products (NACE17) 0.606*** 0.474***

Printing and reproduction of recorded media (NACE18) 0.972*** 0.485***

Manufacture of coke and refined petroleum products 

(NACE 19)
0.470*** 0.168** 0.406*** 0.077

Manufacture of chemicals and chemical products 

(NACE 20)
0.534*** 0.458*** 0.359*** 0.259**

Manufacture of basic pharmaceutical products and 

pharmaceutical preparations (NACE 21)
0.285*** 0.239*** 0.568*** 0.490***

Manufacture of rubber and plastic products (NACE 22) 0.880*** 0.952***

0.902***

0.350** 0.877***

0.838***
Manufacture of other non-metallic mineral products 

(NACE 23)
0.818*** 0.515***

Manufacture of basic metals (NACE 24) 0.247** 0.468***

0.544***

0.242** 0.427**

Manufacture of fabricated metal products, except 

machinery and equipment (NACE 25)
0.878*** 0.613**

0.368***

Manufacture of computer, electronic and optical 

products (NACE 26)
1.128*** 1.097*** 0.810*** 0.521**

Manufacture of electrical equipment (NACE 27) 0.732*** 0.604*** 0.370*** 0.261**

Manufacture of machinery and equipment n,e,c, 

(NACE 28)
0.628*** 0.613*** 0.376*** 0.579***

Manufacture of motor vehicles, trailers, and semi-

trailers (NACE 29)
0.942*** 0.810***

0.872***

0.339** 0.406***

0.650***Manufacture of other transport equipment (NACE 30) 0.362*** 0.313**

Manufacture of furniture (NACE 31) 0.546*** 0.491***

0.830***

0.682***

0.369*** 0.400***

0.556***

0.448***

Other manufacturing (NACE 32) 1.188*** 0.435*

Repair and installation of machinery and equipment 

(NACE 33)
0.931*** 0.845***

Source: Authors‘ own calculations 
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Despite these limitations, we try to compare our estimates with other results at the in- 
dustry level. The results are presented in Table 5. Balistreti et al. (2003) estimate long-
term and short-term elasticities but do not take into account biased technological progress; 
Claro (2002) uses panel data for 28 industries in 30 countries, which enables us to make 
a rough international comparison; however, he did not include the Czech Republic in his 
dataset. The correspondence of industries is not always perfect, the other studies use SIC 
codes and sometimes different aggregation (see merged cells in Table 5).

The estimates are highly heterogenous across countries and sectors. We will therefore 
investigate factors that could influence the estimates for the Czech Republic. The first factor 
is the transitional path of the Czech economy. As Lee and Tcha (2004) suggest, estimates 
for transition economies are rather low: they find a value of 0.495 in Central and Eastern 
European countries, Baltic States, and the Commonwealth of Independent States. Previous 
studies for centrally planned economies find even lower estimates; for instance, Weitzman 
(1970) assessed the elasticity for the Soviet Union between 1950–1966 and found a value 
of 0.274. Therefore, our estimate being lower than unity is in line with the relevant literature.

Another factor that influences the elasticity is the openness of the country. Saam 
(2008) argues that the aggregate elasticity depends on institutions and policy, and that 
especially trade openness is highly relevant. While the paper does not focus on the direc-
tion of the relationship, it does conclude that this relationship is positive under certain 
conditions. The Czech Republic is a small open economy, with a share of trade in GDP 
143%, more than double the world average of 60% in 2019 (WB, 2020).

Another relevant aspect is the heterogeneity of the labour force. In most models, 
labour is treated as a homogenous factor of production due to lack of detailed data. 
However, Fallon and Layard (1975) already showed that the elasticity of highly skilled 
workers is lower than that of less skilled workers. However, the impact of Industry 4.0 
might be different from previous technological transformations in the sense of correlation 
between level of skills required and job risk level (risk of job being replaced by technology) 
(see also Fareri et al., 2020). In some countries, such as the USA, the skill mix is more 
stable than in the Czech Republic, where the workers’ skill level increased rapidly after 
the 1990s. Not only that the share of formal education increased, but overall, there was 
an influx of know-how stemming from various factors (accelerating technological devel-
opment in general, increased accessibility of information, but also knowledge linked 
to incoming FDI, etc.). The share of persons with tertiary education increased from 7.8% 
to 19.1% between 1993 and 2017 (OECD, 2020), the trend being similar in most transition 
economies. Even though there are studies calculating the elasticity for centrally planned 
or transition economies, there is no study focusing on the comparison of these countries 
with developed countries.
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Table 5: Comparison of estimates of elasticity

NACE-2 sector
Our estimates 

for σ

Balistreti 

et al. (2003)

Claro 

(2002)

Young 

(2013)

Manufacturing (NACE 10-33) 0.659***

Manufacture of food products (NACE10) 0.519*** −34.6 / 
−0.034

0.76
0.293**

Manufacture of beverages (NACE11) 0.889*** 0.86

Manufacture of tobacco products (NACE12) 0.941***
1.0226**

0.061 2.12 0.864**

Manufacture of textiles (NACE13) 0.503***
1.138**
0.052* 0.83 0.373**

Manufacture of wearing apparel (NACE14) 0.213*
2.051**
0.125** 0.70 0.790**

Manufacture of leather and related products 

(NACE15)
0.192*

−1.532
0.040* 0.86 0.417**

Manufacture of wood and products of wood and 

cork; except furniture; manufacture of articles 

of straw and plaiting materials (NACE16)

0.736***
1.120**
0.208** 0.71* 0.394**

Manufacture of paper and paper products (NACE17) 0.474***
0.907**
0.057** 0.80 0.373**

Printing and reproduction of recorded media 

(NACE18)
0.485***

1.510**
0.084** 0.68* 0.352**

Manufacture of coke and refined petroleum products 

(NACE 19)
0.406***

76.3
0.020**

  0.92−
1.08 0.762**

Manufacture of chemicals and chemical products 

(NACE 20)
0.359*** 1.448**

0.046**
0.80 0.613**

Manufacture of basic pharmaceutical products and 

pharmaceutical preparations (NACE 21)
0.568***

Manufacture of rubber and plastic products 

(NACE 22)
0.350**

0.806**
0.072**

       0.59**
−0.66* 0.267**

Manufacture of other non-metallic mineral products 

(NACE 23)
0.515***

0.501**
0.066**

     0.63*
−0.96 0.366**

Manufacture of basic metals (NACE 24) 0.242**
0.533**
0.081**

  0.66
−0.91 0.576**

Manufacture of fabricated metal products, except 

machinery and equipment (NACE 25)
0.613**

1.393**
0.113** 0.91 0.441**

Manufacture of computer, electronic and optical 

products (NACE 26)
0.810*** 3.736

0.075** 0.292**
Manufacture of electrical equipment (NACE 27) 0.370*** 0.69*

Manufacture of machinery and equipment n,e,c, 

(NACE 28)
0.376***

0.815**
0.226** 0.96 0.597**

Manufacture of motor vehicles, trailers, and semi-

trailers (NACE 29)
0.339**

0.400**
0.047**

0.88
0.377** 

0.671**Manufacture of other transport equipment (NACE 30) 0.313**
0.322
0.012

Manufacture of furniture (NACE 31) 0.369***
1.007**
0.097** 0.81 0.215**

Other manufacturing (NACE 32) 0.435*
1.684*
0.054* 1.38 0.038

Repair and installation of machinery and equipment 

(NACE 33)
0.845***

Source: Authors‘ own calculations; Balistreti et al. (2003); Claro (2002); Young (2013)
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Another limitation is the assumption of the dynamics of the elasticity in time. Papers 
adopting a CES function assume that  is constant in time. De La Grandville and Solow 
(2017), for instance, show that the elasticity has an increasing tendency in time (16 OECD 
countries). In our case, this would imply that our estimate of 0.659 is a certain average 
value and that the current “true” value is higher than 0.659 (and was accordingly lower than 
0.659 in the past). The Czech Republic’s transition path seems to support this time-vary-
ing hypothesis, as values for transition countries are generally low.

The elasticity value has certain policy implications. There is strong empirical evidence 
of relevance of  for tax policies, which are envisioned to boost private investment. Changes 
in tax policies, which influence the price of capital, strongly influence firm behaviour (Chir-
inko, 2002). The higher the elasticity, the bigger the impact of increasing tax rates on invest-
ments of firms, and vice versa: decreasing tax burden would boost private investment. 
Knowing that σ varies across industries, industry-level impacts of tax adjustments will also 
vary even if the tax policy is aiming at all industries. In our case, changes in the taxation 
policy would most affect NACE11-12 (Beverages and tobacco products), NACE16 (Wood 
and products of wood and cork), NACE26 (Electronics industry) and NACE33 (Repair and 
installation of machinery and equipment). Seen from a different perspective, tax adjustments 
should not impact very much on the core industries of the Czech manufacturing sector. 
This is, however, a very strong statement and it requires a much more systematic assessment.

Alvarez-Cuadrano et al. (2017) discuss the structural changes in the economy and 
argue that industries with a higher elasticity substitute labour with capital, so labour is 
released and can be used in industries with a lower elasticity. This approach to struc-
tural changes is relatively new in the literature; the cited paper focuses on the agricultural 
sector, but similar conclusions could be applied to other sectors.

Table 6 presents additional details on the manufacturing sectors: the numbers of active 
firms and their time trend, the share of labour costs in GVA and its time trend and the share 
of each sector in the manufacturing sector GVA as a size measure.

There is no clear link between the value of elasticity and the number of companies 
in the industry. At a theoretical level, the higher the competition in the sector, the more 
flexible the companies could be. On the other hand, excessive competition could lead 
to firms’ lower profits and therefore limit investment. Figure 2 is a visualization of three 
indicators from Table 6. If we look at the share of labour income in GVA, it appears 
that sectors with high labour costs tend to have lower values of σ and vice-versa. This is 
against the intuition that companies facing increasing costs of inputs should switch 
to cheaper inputs. In other words, the higher the labour costs, the higher the elasticity 
should be. Among the biggest sectors, NACE25 is a certain exception in this sense, while 
NACE26 seems to have a higher elasticity “despite” not experiencing high labour costs. 
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The electronics sector, however, is specific in the Czech Republic, as it has a relatively low 
share of domestic value added in the total exported value added and it is not considered 
to have good prospects in the nearest future (Vlčková, 2018).

Table 6: Selected indicators for manufacturing industries

NACE-2 sector
Our estimates 

for σ

Number of active 

firms (2018a) 

Share of labour 

costs / GVA 

(1995–1997 

vs 2017–2019)

Share in total 

GVA (2019) 

NACE10-33 0.659*** 180 193 ↑ 49–53% 100%

NACE10 0.519*** 8 463 ↑ 49–62% 5.3%

NACE11 0.889*** 2 412 ↑ 38–32% 2.4%

NACE12 0.941*** 7 ↑ 29–18% 0.6%

NACE13 0.503*** 2 289 ↓ 65–65% 1.2%

NACE14 0.213* 13 684 ↑ 66–53% 0.8%

NACE15 0.192* 621 ↓ 74–65% 0.2%

NACE16 0.736*** 29 135 ↑ 56–42% 2.5%

NACE17 0.474*** 1 003 ↑ 37–47% 1.9%

NACE18 0.485*** 9 610 ↑ 62–55% 1.2%

NACE19 0.406*** n28 ↑ 27–52% 0.1%

NACE20 0.359*** 1 771 ↑ 30–40% 3.8%

NACE21 0.568*** 93 ↑ 15–35% 1.6%

NACE22 0.350** 3 595 ↓ 57–54% 7.2%

NACE23 0.515*** 6 024 ↓ 46–55% 4.6%

NACE24 0.242** 1 064 ↓ 43–68% 2.8%

NACE25 0.613** 47 710 ↑ 54–57% 11.7%

NACE26 0.810*** 3 203 ↓ 40–34% 5.6%

NACE27 0.370*** 11,190 ↓ 55–60% 7.7%

NACE28 0.376*** 4 833 ↓ 53–69% 8.5%

NACE29 0.339** 1 089 ↓ 44–46% 21.1%

NACE30 0.313** 836 ↑ 77–60% 1.9%

NACE31 0.369*** 5 698 ↓ 57–57% 1.3%

NACE32 0.435* 9 684 ↑ 72–60% 2.3%

NACE33 0.845*** 16 153 ↑ 62–53% 3.8%

a The arrows in the column “Number of active firms” indicate the trend for the previous years.

Source: Authors‘ own calculations; CSZO, 2020; MPO, 2020



451Politická ekonomie, 2021, 69 (4), 435–456, https://doi.org/10.18267/j.polek.1324

Figure 2: Visualization of labour costs and elasticities across sectors

Note: The  size of  the  bubbles indicates the  share of  the  industry GVA in  the  total manufacturing 
sector GVA.

Source: Authors‘ own calculations; CSZO, 2020

One possible explanation is the direction of the technological bias. As shown 
in Table 2, a combination of σ < 1 and capital-augmenting technological progress 
can lead to an increase in the income share of labour. Our data show that this is not 
the case, as the dynamic of labour-augmenting technological progress is higher than that 
of capital-augmenting progress (Figure 3). This is not surprising, knowing that the Czech 
Republic is only a moderate innovator with rather modest dynamics within the moderate 
innovators group (EC, 2020).
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Figure 3: Evolution of capital- and labour-augmenting technological progress (logged 

values normalized to 2015)

Source: AMECO, 2020

Conclusion

In our paper, we estimate the elasticity of substitution between capital and labour by using 
a CES production function for the Czech Republic, for NACE2 industry-level data cover-
ing the period 1995–2019. Our estimates are between 0.192 and 0.942, with an aggregate 
value of 0.659 for the manufacturing sector. While it is difficult to compare the estimates 
across countries and sectors, our estimates seem to be in line with the bulk of the litera-
ture. Furthermore, our rather low estimates correspond to the literature on transition coun-
tries. We apply one of the newer approaches, which adopt a biased technological progress. 
Furthermore, we take advantage of the data availability and allow for the technological 
progress to be time-varying and not constant. On the other hand, we had to assume that 
all sectors experience the same technological progress, because sector-level data are not 
available. This could be true to a certain extent, because many technologies are currently 
implemented in all sectors (big data, automation, etc.).

Our results suggest several implications for the Czech Republic. Even if facing high 
and increasing costs of labour and labour-augmenting technological progress, the values 
of the elasticities in the core manufacturing sectors are quite low. One possible expla-
nation is that our values are underestimated. Evidence from the literature reports lower 
values of elasticity for transition economies. It might be the case that the Czech Republic, 
as a post-transformation country, currently has higher values of elasticities than the ones 
we find, because we assume that they are constant in time.

Another possibility is that the Czech Republic is still facing problems linked 
to the transformation process: it belongs to the group of moderate innovators in the EU, 

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

AL AK

4.7

4.6

4.5

4.4

4.3

4.2



453Politická ekonomie, 2021, 69 (4), 435–456, https://doi.org/10.18267/j.polek.1324

the share of R&D expenditures is rather modest (only 1.79% of GDP compared to 2.78% 
in the USA and 2.06 in the EU28 (Eurostat, 2020). 

The results of our paper open further questions. Is a time-variant approach to esti-
mating the elasticity of substitution more appropriate for the Czech Republic, considering 
it is a post-transition country? This might be a direction for further research in the field. 
Another issue is how the increasing labour costs, labour-augmenting technological pro-
gress and low values of elasticity can be explained and what the policy implications are. 
As one of the latest country reports argue (Hnát et al., 2020), the Czech Republic should 
develop a smart specialization strategy, which identifies and supports core industries 
in terms of size, dynamics and future potential. More information about the flexibility 
of these sectors in terms of ability to replace factors of production would be very useful.
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