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Abstract: 
Elasticity of factor substitution is one of the key parameters of any computational 
general equilibrium model. Despite a wide use of this model in a policy analysis, 
there are a few estimates of the elasticity, with almost none for transition economies 
in Europe. To fill this gap, we estimate the elasticity of substitution between Capital, 
Labour, Energy and Material in the constant elasticity of substitution (CES) 
production function. We use a non-linear estimation technique to derive these 
elasticities for the whole economy and for five different sectors, for the EU as a 
whole and for its two sub-regions. We find that Cobb–Douglas and the Leontief 
production functions do not fit the data better than more flexible CES specification, 
and after evaluating several multiple KLEM nesting structures of the CES production 
function we conclude that KL-E and KL-EM nesting structures fit the data best in 
both EU regions and for the most economic sectors. The economy-wide factor 
substitution elasticity complies to the one reported in the literature, however, its 
magnitude varies across sectors, and it is much larger for the energy-intensive 
sectors. The elasticities also differ between the EU economies in the West and in the 
East, although their magnitude is converging in more recent years. We recommend 
a set of the specific elasticities to be used in the impact modelling and conclude that 
the estimates based on more recent data and that are region-specific should be used 
in CGE-based policy applications. 
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1 Introduction

In modern applied economics and especially in the field of environmental and climate policy,

Computable General Equilibrium (CGE) models have become one of the leading tools to evaluate

policy measures and scenarios (Böhringer et al., 2003). CGE, macro-econometric, input-output

or linear programming models use different types of nested production function with Constant

Elasticity of Substitution (CES) to describe the production of an economy (Kemfert, 1998).

Elasticities of substitution (EoS) are the key parameters in these models as they measure the

ease or difficulty of substitution between the inputs in economic production.

Jacoby et al. (2006) perform a sensitivity analysis of structural parameters of their MIT-

EPPA CGE model and find that elasticities of substitution between energy and value added

(the capital-labour composite) are the main drivers of model results. Similarly, Antimiani et al.

(2015) confirms the importance of substitution elasticities using a dynamic CGE model based on

the GTAP framework with sector specific values for capital-energy and inter-fuel elasticities. A

change in their values generates a different distribution of impacts. A lower flexibility of energy

substitution possibilities induces more expensive abatement efforts. The criticism of elasticity

of substitution estimates for CGE models has several dimensions. First, the CES function in

CGE model should have the same structure as the CES function used for elasticity estimation,

since the elasticity of substitution differs across different kinds of nesting structures of CES

function. Second, as van der Werf (2008) points out, many models use different values of EoS,

even when the models use the same nesting structure. Furthermore, many research papers use

elasticity estimates taken from literature, but empirical validations for the nesting structures and

values chosen are missing (van der Werf, 2008). Sorrell (2014) adds other difficulties in using

empirical to infer values of elasticity substitution specifically for CGE models originating from

the fact that CGE models typically: 1) differ from empirical studies in the manner in which

individual inputs are aggregated and in the level of sectoral aggregation; 2) require estimates of

the elasticity of substitution between nests of inputs, while the parameters estimated by most

empirical studies relate to individual pairs of inputs; and 3) define production function by means

of Hicks/Direct Elasticity of substitution (HES), while the most empirical studies estimate other

types of elasticity of substitution. Furthermore, only a small number of papers have applied

nonlinear estimation techniques (Gechert et al., 2019) even though they perform significantly

better in comparison to the standard linear estimations using Kmenta approximation (Koesler
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and Schymura, 2015). Although the regional transferability of substitution elasticity estimates is

limited, many papers apply EoS values estimated for different regions. To our knowledge, there

is no study focused primarily on Central and Eastern European (CEE) countries so far. As a

consequence, the lack of proper estimates of elasticity of substitution specific for CEE countries

is higher than in other regions. In this paper, we seek to fill this gap by providing consistent

sectoral estimates of elasticity of production factors’ substitution in 10 CEE countries, 17 other

EU Member States (WEST) and the whole EU to compare them with the CEE region. We

report the accompanying elasticity of substitution for both three and four-input CES production

functions in five different nesting structures.

The remainder of the paper is organized as follows. First, we review the existing literature.

Next, we specify our models and describe the data and our estimation approach. In section 4,

we present our results and verify whether often used CES production functions in Cobb-Douglas

and Leontief form fit our data. We test our estimated EoS for regional and time difference. The

last section concludes.

2 Literature review

Lack of empirical validations for the EoS values either taken from literature or expert-based

mentioned by van der Werf (2008) can be detected in a variety of models.Often, the incohorence

between nesting structure or data in the calibrated model versus the source for its calibration is

present.

An applied general equilibrium model SAGE (Marten et al., 2019) of the US economy is

calibrated using the sector specific elasticity estimates by Koesler and Schymura (2015) for

a pool of 40 countries using the WIOD database. The sectors in the SAGE model adhere

to the sectors’ structure used by Koesler and Schymura (2015) only partly. The elasticities

of substitution between capital, labour and energy in the CGE model ICES (Intertemporal

Computable Equilibrium System) (Parrado and De Cian, 2014) are calibrated based on Carraro

and Cian (2012) who use a non-nested CES production function with an elasticity of substitution

estimated as 0.38. Parrado and De Cian (2014) use this same elasticity value for eight world

regions. Another example of regional data incoherence is a CGE model for Korea by Oh et al.

(2020) with a three-level CES nesting structure ((KL)E)M. The Korean model is calibrated based

on Okagawa and Ban (2008) who estimate substitution elasticities for a pool of 14 major world

4



economies. The well known Emissions Prediction and Policy Analysis (EPPA) recursive-dynamic

CGE model for the whole world economy (Paltsev, 2005) uses for its elasticity calibration values

proposed by Cossa (2004) who conducted a literature review and a expert elicitation. The EPPA

model uses the same elasticity values across sectors and countries. The I3E model (de Bruin and

Mert Yakut, 2020) is a country-specific intertemporal CGE model focused on assessment of

climate policies’ economic and environmental impacts specifically for Ireland. The elasticities

of the CES production function in the I3E model are based on expert judgement without any

further specification. The same complication applies for the calibration of the JRC-GEM-E3

model (Vandyck et al., 2016) which uses expert based values of substitution elasticity in a two-

level (KL)(EM) CES production function. Kiuila et al. (2019) propose for both the substitution

between capital and labor and capital and electricity a value of 0.2 without further specifying

the source for the calibration. A capital-energy substitution elasticity of 0.5 is assumed across

sectors in the GTAP-E model (Burniaux and Truong, 2002) based on a literature review.

The substitution between capital-labor-energy composite and materials is assumed to be in

the Leontief form without empirical verification of its appropriateness for the GTAP-E model

(Burniaux and Truong, 2002) model. Similarly, authors assume a Leontief specification in the

energy-materials nest and a Cobb-Douglas specification in the capital-labour nest in the case of

a Japanese CGE model (Huang and Kim, 2019). An empirically not validated Cobb-Douglas

structure for capital-labor substitution is used also by the model World Induced Technical Change

Hybrid (WITCH) integrated assessment model (Emmerling, 2016). Other elasticities used to

calibrate the WITCH model are based on a review of literature from the 90’s. Moreover, the

model uses the same elasticities across sectors and countries. Analogously, the CGE model

NEWAGE (National EuropeanWorld Applied General Equilibrium) developed within the project

REEM Pathways (REEEM Project, 2019) assumes a Cobb-Douglas EoS between capital and

labor and Leontief EoS between KLE composite and materials, the KL-E EoS is calibrated at

0.5. Values are calibrated based on Beestermoeller (2016).

Regarding the estimation methods for the CES production function parameters, Gechert et al.

(2019) collected 121 studies estimating substitution elasticities. A vast majority of estimates

come from single-level production functions with capital and labor as inputs. Almost 70 % of

considered studies estimated EoS via either single first order conditions (FOCs) for capital or

labor or their systems. Another large part of studies used Kmenta (Kmenta, 1967) linear approx-

imation of production function. Henningsen and Henningsen (2011) cites main complications of
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this approach as a method reliable only for the Cobb-Douglas production function, e.g. when

σ → 1, and that Kmenta approximation is by itself a truncated Taylor series with the remainder

term being an omitted variable.

Nonlinear estimation techniques have been applied by only a limited number of research papers

(Gechert et al., 2019). Kemfert (1998) estimates the elasticity of substitution for tree two-level

nested CES production functions for the entire German industry and individual industrial sec-

tors and comes to a conclusion that the specification with capital and energy in one nest (KE)L

fits best the entire German industry, but a nest of capital and labour (KL)E might be closer to

reality for several industrial sectors. The appropriateness of the (KL)E nesting structure was

confirmed for industrial level data from 12 developed OECD countries for the 1978-1996 time

horizon by van der Werf (2008). Contrarily to both Kemfert (1998) and van der Werf (2008),

a nesting structure where substitution between labor-energy composite and capital is allowed,

fits best the Canadian economy as Dissou et al. (2015) found out by fitting a production func-

tion with three inputs of capital, labor and energy to Canadian data. Including materials as

a fourth production input, Okagawa and Ban (2008) estimated a nested CES function using

more disaggregated OECD dataset with 19 sectors compared to van der Werf (2008) defining

7 sectors. The elasticity of substitution for the German industry provided by Kemfert (1998)

was re-estimated by Henningsen and Henningsen (2011) using the same data and a non-linear

least squares estimation method. They apply several estimation approaches that yield robust

results significantly different from those obtained by Kemfert (1998). Koesler and Schymura

(2015) use the World-Input-Output Database (WIOD) to estimate elasticity of substitution for

a three-level four-input nested CES ((KL)E)M production function via non-linear least squares

estimation method developed by Henningsen and Henningsen (2011). They estimate the substi-

tution elasticity for 36 sectors pooled across all 40 countries included in WIOD over a period

of 12 years (1995-2006). This dataset has the advantage of higher number of observation, but

since the WIOD includes not only European countries but also 13 other major world countries,

Koesler and Schymura (2015) lose the geographic consistency. Lecca et al. (2011) investigate

the issue of correct nesting of the KLEM production function with focus on energy based on a

Macro-micro model Of Scotland (AMOSENVI) CGE model parameterised on Scottish data and

criticize arbitrary choice of a nesting structure of production function.

The different conclusions of mentioned studies serve as an example of limited regional trans-

ferability of substitution elasticity estimates. All of them focus on well developed countries but

6



to our knowledge, there is no study focused primarily on Central and Eastern European (CEE)

countries so far. As a consequence, the lack of proper estimates of elasticity of substitution

specific for CEE countries is higher than in other regions.

3 Methodology

3.1 Nesting structure specifications

The CES production function as a general form of the Cobb-Douglas (CD) was introduced by

Solow (1956) and later popularized by Arrow et al. (1961). In contrast to CD, CES allows

for non-unity elasticities of substitution between production factors. As Zha and Zhou (2014)

mentioned, the nesting of production factors allows for different elasticities since factors on the

same level are substituted with the same elasticity.

In our analysis, we benefit from the flexibility of the CES production function (Böhringer et al.,

2003) and employ three different ways of specification with a total of five nesting structures.

First, in a two-level CES production function, the three inputs of capital (K), labor (L) and

energy (E) can be combined as follows:

yt = γetλ
[
α
(
α1K

−ρ1
t + (1− α1)E

−ρ1
t

) ρ
ρ1 + (1− α)L−ρ

t

]−ν
ρ

, (1)

yt = γetλ
[
α
(
α1K

−ρ1
t + (1− α1)L

−ρ1
t

) ρ
ρ1 + (1− α)E−ρ

t

]−ν
ρ

, (2)

yt = γetλ
[
α
(
α1L

−ρ1
t + (1− α1)E

−ρ1
t

) ρ
ρ1 + (1− α)K−ρ

t

]−ν
ρ

, (3)

where y is the output, γ ∈ (0,∞) is an efficiency parameter, λ ≥ 0 is the rate of technological

change, t is time variable, α and α1 ∈ (0,∞) set the optimal distribution of inputs, ρ and

ρ1 ∈ (−1, 0) ∪ (0,∞) determine the (constant) elasticity of substitution, and ν ∈ (0,∞) is equal

to 1 in the case of constant returns to scale.

Second, we consider also intermediate inputs (M) and estimate the four-input two level nested

CES production function ((KL)(EM)) introduced by Sato (1967) and estimated by Lecca et al.
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(2011) as follows:

yt = γetλ
[
α
(
α1K

−ρ1
t + (1− α1)L

−ρ1
t

) ρ
ρ1 + (1− α)

(
α2E

−ρ2
t + (1− α2)M

−ρ2
t

) ρ
ρ2

]−ν
ρ

, (4)

Lastly, we estimate a three-level CES nesting structure ((KL)E)M as in Koesler and Schymura

(2015) based on Sato (1967) and Henningsen and Henningsen (2011). The production function

has the following form:

yt = γetλ
[
α2M

−ρ2
t + (1− α2)

(
(α1E

−ρ1
t + (1− α1)V A

−ρ1
t )

1
−ρ1

)−ρ2
] 1

−ρ2

(5)

with

V At =
(
αK−ρ

t + (1− α)L−ρ
t

) 1
−ρ (6)

where VA is a value-added compound of K and L. As Koesler and Schymura (2015) state, the

separability implied by the CES framework allows us to divide the three-level nesting structure

into two equations 5 and 6 and overcome the limitation of the software that we are using for the

estimation. The micEconCES package proposed by Henningsen and Henningsen (2011) allows

for two-level nesting structures only.

For 1 - 5, the elasticities of substitution σ, σ1 and σ2 are defined as:

σ =
1

1 + ρ
, (7)

σ1 =
1

1 + ρ1
, (8)

and

σ2 =
1

1 + ρ2
. (9)

We estimate the Hicks-McFadden (direct) elasticity of substitution (HES) between the inputs

in the lower nest and the Allen-Uzawa (partial) elasticity of substitution (AES) between the

nests. HES elasticity of substitution describes the input substitutability of two inputs i and

j along an isoquant given that all other inputs are constant. The AES describes the input

substitutability of two inputs when all other input quantities are allowed to adjust1. Two inputs

within an individual nest are necessary HES substitutes, they may at the same time be AES

1For details on the HES and AES specification, please see Henningsen and Henningsen (2011).
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complements (Sorrell, 2014).

3.2 Data and estimation procedure

For our analysis we benefit from the World-Input-Output database (WIOD) (Timmer et al.,

2012) as a consistent source of data. Since we take into account the limited transferability of

the substitution elasticity, we focus only on the EU Member States and CEE countries as a sub-

sample of the EU. We combine the Gross output (Y), Intermediate inputs (M), Gross Value added

(VA), Labour compensation (L), and Gross capital stock (K) from the Socio-Economic Accounts

in the WIOD database with the Gross energy use (E) from the Environmental Accounts. All

prices (Y, K, L, VA, M) are converted to USD 2010 using the sector and variable specific price

indices. Data covers the 15-year period (2000-2014) in 27 EU Member States including 10 CEE

countries listed in Table 1.

Table 1: Countries included in the analysis

Country Code Region Country Code Region

Austria AUT WEST Ireland IRL WEST
Belgium BEL WEST Italy ITA WEST
Bulgaria BGR CEE Lithuania LTU CEE
Cyprus CYP WEST Luxembourg LUX WEST
Czech Republic CZE CEE Latvia LVA CEE
Germany DEU WEST Malta MLT WEST
Denmark DNK WEST Netherlands NLD WEST
Spain ESP WEST Poland POL CEE
Estonia EST CEE Portugal PRT WEST
Finland FIN WEST Romania ROU CEE
France FRA WEST Slovakia SVK CEE
United Kingdom GBR WEST Slovenia SVN CEE
Greece GRC WEST Sweden SWE WEST
Hungary HUN CEE

The 34 WIOD sectors are aggregated according to Baccianti (2013) in two ways. First, we use

the classical division on primary, secondary and tertiary sectors. Second, we divide the economy

into energy intensive and energy efficient industries. A sector is classified as energy intensive

in case of average energy share on total costs surpasses 5%. Among such sectors, we can find

agriculture, mining, energy generation, transport, and manufacture of selected goods. The full

overview of sector aggregation is provided in Table 4 in Appendix. After dropping observation

with missing or zero values, first and last 4 percentiles with outlier values of capital/output ratio

and extreme values of energy/output ratio, we obtain 21 883 observations for the EU, 7 486 for

CEE and 14 397 for WEST countries. Table 2a describes data summary statistics across regions
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and Table 2b describes data summary statistics across aggregated sectors.

Table 2a: Summary statistics of our data sample across regions

Region Variable Unit Obs. Mean Std. dev. Min Max

Y mil.$ 21 883 18 628 41 152 1.5 514 835
VA mil.$ 21 883 8 779 21 520 0.4 236 439

EU K mil.$ 21 883 16 807 53 678 1 994 282
L mil.$ 21 883 5 989 15 922 0.4 190 768
E TJ 21 883 59 390 328 625 0 6 466 591
M mil.$ 21 883 9 883 22 251 0.4 363 322
Y mil.$ 7 486 3 911 7 025 2.4 112 486
VA mil.$ 7 486 1 650 3 130 0.5 37 114

CEE K mil.$ 7 486 3 636 6 648 1.2 71 276
L mil.$ 7 486 918 1 882 0.7 27 593
E TJ 7 486 24 554 124 088 0.1 1 891 246
M mil.$ 7 486 2 271 4 481 1.7 98 352
Y mil.$ 14 397 26 280 48 758 1.5 514 835
VA mil.$ 14 397 12 486 25 665 0.4 236 439

WEST K mil.$ 14 397 23 656 64959 1 994 282
L mil.$ 14 397 8 487 19 076 0.3 190 768
E TJ 14 397 77 503 393 939 0 6 466 592
M mil.$ 14 397 13 841 26 389 0.4 363 322

Figure 1 shows the average K/Y ratio in CEE countries which is approximately 11 percentage

points (pp) higher than in WEST countries almost during the whole period 2000-2014. This

indicates a higher average efficiency of capital in WEST countries. After 2008, the ratio increased

by about 10 percentage points (pp) and remains fluctuating around 1.1. The ratio increased

slightly after 2009 also in the case of WEST by about 7 pp. The L/Y ratio remains approximately

the same over the whole period for both regions. On average, the ratio rests by about 3 pp lower

in CEE countries than in WEST countries. This reflects the lower average wage in CEE countries

in comparison to Western Europe (Goraus-Tanska and Lewandowski, 2016). The labour/capital

ratio shows a slightly decreasing trend in both regions presumably arising from productivity

improvements obtained thru capital investments and automatizing of production procedures.
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Table 2b: Summary statistics of our data sample across aggregated sectors

Aggregated sector Variable Unit Obs. Mean Std. dev. Min Max

Y mil.$ 1 669 7 808 18 066 2 119 619
VA mil.$ 1 669 4 118 11 477 1 99 119

Primary K mil.$ 1 669 13 528 33 956 2 262 653
L mil.$ 1 669 1 808 3 698 1 31 260
E TJ 1 669 36 510 183 386 0.2 2 770 169
M mil.$ 1 669 3 724 8 206 1 65 962
Y mil.$ 9 519 16 599 39 312 1 514 836
VA mil.$ 9 519 5 351 13 432 0.1 177 714

Secondary K mil.$ 9 519 11 195 35 404 1 644 308
L mil.$ 9 519 3 325 9 440 0.1 145 183
E TJ 9 519 103 326 484 357 0.3 6 466 591
M mil.$ 9 519 11 273 26 597 0.2 363 323
Y mil.$ 10695 22 123 44 774 6 380 111
VA mil.$ 10 695 12 558 27 174 1 236 439

Tertiary K mil.$ 10 695 22 314 67 383 9 994 282
L mil.$ 10 695 8 825 20 499 3 190 768
E TJ 10 695 23 855 62 183 1 786 806
M mil.$ 10 695 9 608 19 113 1 195 627
Y mil.$ 7 237 11 899 23 019 2 181 723
VA mil.$ 7 237 4 271 9 396 1 99 119

Energy K mil.$ 7 237 14 241 33 982 2 323 185
Intensive L mil.$ 7 237 2 277 4 867 0.3 57 027

E TJ 7 237 151 804 558 157 0.2 6 466 591
M mil.$ 7 237 7 659 15 113 0.1 128 815
Y mil.$ 14 646 21 953 47 277 1 514 836
VA mil.$ 14 646 11 007 25 167 0.3 236 439

Energy K mil.$ 14 646 18 075 61 072 1 994 282
non-intensive L mil.$ 14 646 7 687 18 905 0.1 190 768

E TJ 14 646 13 725 33 563 0.4 786 806
M mil.$ 14 646 10 983 24 967 1 363 323

0

0.2

0.4

0.6

0.8

1

1.2

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

CEE - Average of K/Y WEST - Average of K/Y CEE - Average of L/Y

WEST - Average of L/Y CEE - Average of L/K WEST - Average of L/K

Figure 1: Capital/Output ratio (K/Y) Labour/Output(L/Y) and Labor/Capital (L/K) ratio
11



The biggest difference between the CEE region and the rest of Europe is in the energy intensity

(Figure 2). In the period 2000 - 2008 the difference between the production energy intensity in

CEE countries and the rest of Europe reached almost 50 % or even higher in some years. After

2009, the energy intensity in CEE countries has been slowly converging to WEST countries’

level. This could be a consequence of a change in the economic structure of CEE countries, ie.

reorienting towards less energy-intensive industries such as services. The energy/capital ratios for

both regions are steadily decreasing over the observed period and the gap between them is slowly

closing and ending with a 19 % difference in 2014. This could indicate the rising energy efficiency

of machinery and equipment and an overall technological progress as well as modernisation of

equipment in CEE countries.

For the estimation of the substitution elasticity, we use a micEconCES package in R developed

by Henningsen and Henningsen (2011). The micEconCES package provides a robust estimation

tool for elasticity of substitution (Koesler and Schymura, 2015).
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Figure 2: Energy/Output and Energy/Capital ratio [TJ / mil. emillion] in CEE and WEST coutries

Besides the Kmenta approximation critique, Henningsen and Henningsen (2011) further men-

tion the Levenberg-Marquardt algorithm (LM) (Marquardt, 1963) as a method with tendencies

for biasing the elasticity estimates towards zero and the Conjugate Gradients (CG) method
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based on Fletcher and Reeves (1964) as less suitable for CES estimation due to its focus on

well-behaved approximately quadratic objective functions and large and sparse Hessian matrix.

For the above mentioned reasons, we decided to leave Kmenta approximation, CG and LM

optimisation algorithms out of our analysis.

However, we employed multiple optimisation algorithms for our estimation of the CES function

parameters, namely the Newton algorithm (Dennis and Schnabel, 1983), Nelder-Mead routines

(NM) (Nelder and Mead, 1965), the Simulated Annealing algorithm (SANN) (Kirkpatrick et al.,

1983), both the Broyden-Fletcher-Goldfarb-Shanno (BFGS) and the restricted BFGS (L-BFGS-

B) (Broyden, 1970; Fletcher, 1970; Goldfarb, 1970; Shanno, 1970) routines, Differential Evolution

(DE) (Storn and Price, 1997), PORT routines (Gay, 1990) and a two-dimensional grid search for

ρ1 and ρ1 using PORT algorithm and this algorithm using starting values equals to the estimates

from the grid search (Henningsen and Henningsen, 2011).

The SANN algorithm yields results with the best fit to our data in all nesting structures,

most significant estimates and the least residual sum of squares in most cases. Henningsen and

Henningsen (2011) describes SANN algorithm as a "robust global optimiser" with a possibility to

apply to "a large search space, where it provides fast and reliable solutions" and Feng and Zhang

(2018) apply SANN as a well performing method to find global optima for not well-behaved

objective function. Detailed description of the SANN algorithm is provided by Kirkpatrick et al.

(1983) and Cerny (1985). For clarity and brevity, in the remainder of the paper we only present

results based on the SANN optimisation algorithm.

4 Results

4.1 Choice of nesting structure

Estimates of substitution elasticity for the two-level three-input nesting structures of the CES

function (KE)L, (KL)E and (LE)K given by equations 1 to 3, respectively, are displayed in Table

5 together with their standard errors s in parentheses. Estimates are provided separately for the

aggregated sectors and for CEE and WEST regions as well as the whole EU. Table 5 also provides

the goodness of fit R2 for each estimation.

Kemfert (1998) and van der Werf (2008) suggest the goodness of fit R2 as a criterion for

identifying the most fitting nesting structure. However, Feng and Zhang (2018) points out the

compliance of estimated CES parameters to economic meaning and convergence to assumed
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elasticities as important points in the decision process.

Table 5 shows that all three nesting specifications provide very similar goodness of fit to

the data across the regions and sectors. Only the average R2 for the (LE)K specification is

by about 1 pp lower than the other two nesting structures. A very similar result is achieved

when comparing the residual sum of squares (RSS) where all three specifications appear to be

equivalently suitable2.

(LE)K specification According to the review by Lagomarsino (2020), the (LE)K specification

has been chosen only very sporadically. Few examples include CES elasticity estimates by Turner

et al. (2012) for the UK, Dissou et al. (2015) for Canada, and Su et al. (2012) and Shen and

Whalley (2013) for China. While in our case, the elasticity estimates σ and σ1 are consistent

across regions, some of the parameters’ estimates do not comply with their economic meaning.

Specifically, Feng and Zhang (2018) propose to verify that α, α1, ν and λ all rest in acceptable

ranges. In five cases, α > 1 and in some cases α1 is negative. For energy non-intensive (EnI)

and tertiary (III.) sector, as well as for the whole economy, σL,E estimates are very inconsistent

across regions, see Table 5. σL,E for EnI in CEE region is 0.56 while for WEST countries reaches

1.61. Similarly for III. sector, σL,E = 0.39 for CEE and σL,E = 1.91 for WEST. On the level of

the whole economy, the difference between regional estimates reaches 0.73. On the upper nest,

four estimates of σLE,K are insignificant and the regional inconsistency is present for the EnI

sector with a difference of 0.92.

(KE)L specification Feng and Zhang (2018) propose σK,E = 0.5 and σKE,L = 1 as initial

points taken from the GTAP-E model (Burniaux and Truong, 2002). Our estimates of σK,E

are approaching these values on the level of the whole economy. However, on sectoral level,

estimates differ and range between 0.6 and 4.13 for CEE, and 0.4 and 0.89 for WEST countries.

The vastest inconsistency in estimates for CEE and WEST regions is present in energy intensive

industries. All estimates σK,E are significant on 0.1% level. Even more regionally inconsistent are

σKE,L estimates especially in case of primary (difference 2.6), tertiary (difference 3.2) and energy

non-intensive (difference 2.1) sectors. The average σKE,L for CEE region is 0.79 with average

standard error of 0.8 while for WEST countries those numbers are 2.15 and 0.87, respectively.

Three of σKE,L estimates are insignificant, see Table 5.

2RSS are not provided due to space limitation. The full set of results is available upon request
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(KL)E specification According to Feng and Zhang (2018) and the GTAP-E model (Burniaux

and Truong, 2002), initial points for σK,L and σKL,E are 0.59 and 0.94, respectively. In four

cases, estimates of α and α1 do not lie within acceptable ranges. Five of our σK,L estimates are

insignificant. All estimates of σKL,E are significant on at least 5% level. The average estimated

σK,L for CEE region is 1.0 (with average standard error (s.e.) 0.2) and 0.95 (average s.e. is 2.84)

for WEST countries. For the upper nest, the average σKL,E is 0.77 (avg. s.e. 0.12) for CEE and

1.5 (avg. s.e. 0.32) for WEST region. The difference between σK,L and σKL,E estimates for the

two regions is much smaller than for the (KE)L structure except for the upper nest in the energy

non-intensive industries with σKL,E estimated as 0.55 for CEE and 5.36 for WEST countries.

Overall, the production function in the CES form seems as a reliable and reasonable assump-

tion. The (KL)E and (KE)L nesting specifications provide similar fit to our data but the (KL)E

structure shows considerably lower elasticity inconsistencies across regions. Thus, our results

support the (KL)E nesting structure as a superior choice in case of European data.

((KL)E)M specification In the three-level four-input ((KL)E)M CES nesting structure, four esti-

mates on the bottom, two on the middle and four on the upper nest are not significant, see Table

6. The residual sum of squares is by one order lower compared to the three-input specification.

The R2 of the ((KL)E)M specification is 0.98. However, in eight cases in total, λ is negative,

which violates the assumption of non-negative rate of technological change. If we do not take

insignificant estimates into account, the average estimate of σK,L is 2.04 with avg. s.e. 0.45 for

CEE countries and 1.03 (avg. s.e. 0.12) for WEST region. Average regional estimates of σKL,E

are similar, 0.56 (avg. s.e. 0.11) and 0.66 (avg. s.e. 0.08) for CEE and WEST, respectively. On

the upper level, average estimate of σKLE,M is equal to 1.47 (avg. s.e. 0.16) for CEE and 2.18

(avg. s.e. 0.13) for WEST region.

(KL)(EM) specification The goodness of fit and the residual sum of squares of the (KL)(EM)

model is similar to the three-input CES function, see Table 7. On the bottom nest, two estimates

of σK,L for the CEE region and three estimates of σE,M are not significant on 10 % level. On

the upper nest, all estimated σKL,EM are significant on 5 % level. The estimates on the lower

nest are consistent across regions. The average estimates of: σK,L are 0.7 (avg. s.e. 0.5) and

0.74 (avg. s.e. 0.16), σE,M are 1 (avg. s.e. 0.52) and 0.84 (avg. s.e. 0.11), and σKL,EM are 1.21

(avg. s.e. 0.11) and 1.62 (avg. s.e. 0.05) for CEE and WEST, respectively. Consequently, the

(KL)(EM) model appears as the best fit for our data.
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4.2 Elasticity of factor substitution: central estimate

Gechert et al. (2019) prove the irrelevancy of the Cobb-Douglas production function and find

that the most representative elasticity of substitution between capital and labor found in the

literature is 0.5 when considering aggregated economy level data, and 0.3 under the restriction

of industry-level country-level data.

When examining closely the results of the (KL)(EM) specification given in Table 7, we find

that the estimates of substitution elasticity between capital and labor approach the value found

by Gechert et al. (2019) on the aggregate level both for the two regions and the EU27. Our

estimate of σK,L are 0.41 for CEE, 0.49 for WEST and 0.56 for EU27. However, the substitution

elasticities differ on the level of sectors. Both the divisions into three sectors and according

to the energy intensity show that industries with a necessity of machine use report an easier

substitution between capital and labor. For energy-intensive industries, σK,L rounds at 0.98 for

both regions and for the primary sector, the elasticity even exceeds one and reaches 1.16 for CEE

and 1.29 for WEST countries. Conversely, the substitution is more complicated in the tertiary

sector where the human capital is important and often cannot be replaced by automatisation.

Thus, σK,L is equal to 0.45 and 0.41, for CEE and WEST countries, respectively. The secondary

sector lies in between the primary and tertiary with elasticity of substitution of 0.48 for CEE and

0.65 for WEST countries. Since the energy non-intensive industries overlap with the secondary

and tertiary sector, the estimates are consequently also lower than in the energy intensive case,

0.7 for CEE and 0.61 for WEST countries.

While the energy and materials substitution is more difficult in energy intensive industries in

comparison to capital-labor substitution, the opposite is true for energy efficient, secondary and

tertiary sectors as well as on the economy-wide level, where σE,M equals to 1.48 for CEE, 0.79

for WEST region, and 0.62 for EU27. In the primary sector, the values of substitution elasticities

for CEE and EU27 are inconclusive due to their statistical insignificance. While the estimation

of σKL,EM across regions and sectors is inconclusive regarding the difficulty of substitution, the

two composites can be, with an exception in primary sector, substituted with each other more

easily. Average σKL,EM being 1,21 (avg. s.e. 0.11) and 1,62 (avg. s.e. 0.05) in WEST and CEE

region, respectively. On the EU level, the composites can be substituted straightforwardly as

well, with average σKL,EM equal to 2.37 (avg. s.e. 0.09).

See Table 3 for the summary of substitution elasticity estimates recommended as the best

fitting for European countries based on our analysis.
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Table 3: Central estimates of elasticities of substitution
EU WEST CEE

K-L E-M KL-EM K-L E-M KL-EM K-L E-M KL-EM

Whole economy 0.56 0.62 3.36 0.49 0.79 2.98 0.41 1.48 1.79
Energy Intensive 1.59 0.47 1.77 0.98 0.66 1.47 0.98 0.79 0.63
Energy non-intensive 0.75 0.72 6.24 0.61 0.95 2.72 0.70 0.79 1.79
Primary 0.96 0.57 0.51 1.29 0.78 0.3 1.16 1.2 0.77
Secondary 0.61 0.96 0.82 0.65 1.06 0.76 0.48 0.58 1.36
Tertiary 0.49 0.63 1.51 0.41 0.8 1.5 0.45 1.13 0.93

Note: Standard errors and statistical significance of estimates of elasticity of substitution are displayed in Table 7.

4.3 Cobb-Douglas and Leontief production function

The Cobb-Douglas and Leontief forms, often found in the literature, are both a special case of

the CES production function. The former occurs when ρ→ 0 and consequently σ → 1 while for

the later ρ → ∞ and σ → 0. Gechert et al. (2019) reject the Cobb-Douglas specification, as a

special case of CES production function based on an extensive meta-analysis

Using the two-sided Wald test, we test the hypotheses of both Cobb-Douglas and Leontief

specifications’ suitability for all the nests within the (KL)(EM) nesting structure.

The assumption of Leontief function (σKL = 0, σE,M = 0 or σKL,EM = 0) can be rejected

on a 5 % significance level for all the estimates . The same result is true for the hypothesis of

the Cobb-Douglas simplification of the production function which assumes σKL = 1, σE,M = 1

or σKL,EM = 1. The hypothesis is rejected for all elasticity estimates on all levels within the

(KL)(EM) nesting structure. Our results support the findings by van der Werf (2008), Gechert

et al. (2019) and Koesler and Schymura (2015) that a production function specified in a Leontief

or Cobb-Douglas form may lead to inaccurate conclusions of an analysis.

4.4 Are elasticities different between CEE and WEST?

By means of the double-sided Welch’s t-test we examine whether there is a statistically significant

regional difference in substitution elasticities of production factors between the CEE and WEST

countries, as well as the EU. Table 8 presents the results of the Welch’s t-test with the null

hypothesis H0 of equal elasticity estimates. Zeros in the Table 8 suggest that H0 cannot be

rejected at a level of 0.1 % significance (p-value > 0.001). The elasticity equivalence is tested for

all nests within the (KL)(EM) nesting structure.

With the exception of capital-labor substitution elasticity in energy intensive industries, the

hypothesis of elasticity equivalence in CEE countries and Western Europe can be rejected for
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all sectors. There is a statistically significant difference of substitution elasticities between EU

and CEE and also between EU and WEST in all nests for all sectors. When comparing WEST

countries and EU, the null hypothesis cannot be rejected for half of nests within Transport and

for one case within both Manufacturing and Energy sector. Should we compare CEE region

with the EU, we come to a similar conclusion on only a very few nests where we cannot reject

H0. Hence, the difference between CEE results and WEST and EU result supports the need of

special estimates for the CEE region.

4.5 Are elasticities different before and after 2008?

We conduct an analysis of change in input substitutability over time in two periods divided

by the financial crisis: 2000-2008 and 2009-2014. Equation 4 is reestimated for the two time-

restricted subsamples and the accompanying elasticity estimates are compared using the double-

sided Welch’s test. Table 9 summarises the results. Similar to Table 8, null values indicate that

the null hypothesis of equal substitution elasticites in both time periods cannot be rejected at 0.1

% level. The convergence was not achieved for one estimate, the concerned sector is indicated

with a NA value. Some of the time restricted elasticity estimates are not significant on at least

10 % level. Test performed on such estimates are reported in Table 9 with an asterisk and are

to be interpreted with caution. .

On the aggregate level, the hypothesis of equal substitution elasticities H0 over time can be

rejected for all nests and for both regions. Over time, elasticities of substitution between capital

and labor, energy and material, and value added composite and energy-materials composite for

CEE and WEST region converge and the difference between regions diminishes.

On the upper KL-EM nest, the null hypothesis of equal elasticities can be rejected for all

sectors, both for CEE and WEST. A closer look on the development of elasticity values shows

their convergence in all sectors with an average difference in elasticities of 0.84 between regions

in the first time period, and 0.11 in the second one. The zero hypothesis is rejected for energy

intensive, second and third sector for both bottom nests K-L and E-M, and for both CEE

and WEST. Moreover, elasticities of substitution between capital and labor, energy and material

converge over time for II. and III. sector. The statistical insignificance of time-restricted elasticity

estimates for the primary sector stems from a low number of observations in each period (below

650). The only case where we reliably cannot reject H0 is for E-M nest in CEE region.

Thus, our analysis suggests that the elasticity of substitution of production factors changes
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over time. This result suggest that future research on production factors’ elasticity of substitution

should take into consideration the time aspect and investigate it more rigorously.

5 Conclusion

We apply non-linear estimation techniques to estimate substitution elasticity directly from the

CES production function using the World Input Output Database (WIOD) as a data source.

We focus on CEE countries and their differences from the rest of the European Union due to a

general lack of specific empirical evidence for this region.

We estimate five different nesting specifications of a CES production function both with and

without materials as a fourth input besides capital, labor and energy. Estimation is done on

a economy-wide level, as well as on the level of five aggregated sectors - primary, secondary,

tertiary, energy intensive and energy non-intensive. In the three-input two-level nesting without

material, we confirmed findings by van der Werf (2008) of value added composite substitution

with energy as a best fit to our data. However, based on the performance of the models, adding

materials as a fourth production input seems as a reasonable choice. Out of the two four-input

nesting structures, (KL)(EM) performs significantly better and is thus the preferred nesting

structure of a CES production function. Based on our estimation, we conclude that while the

values of substitution elasticities on the economy-wide level conform to the literature they differ

on the level of sectors. Generally, human labor oriented sectors (tertiary, energy non-intensive,

any partly secondary) show a more difficult substitution between capital and labor than machine

oriented industries (primary, energy intensive). The substitution between energy and materials

is more difficult in energy intensive industries in comparison to capital-labor substitution. The

opposite is true for energy efficient, secondary and tertiary sectors as well as on the economy-

wide level. With a few exceptions, the KL and EM composites can be substituted more easily

compared to the bottom nests.

In line with Gechert et al. (2019), van der Werf (2008) and Koesler and Schymura (2015) we

reject the suitability of the production function specified in a Leontief or Cobb-Douglas form

often found in the literature. The hypothesis is rejected across sectors for both regions as well

as the EU as a whole.

Based on the significant differences in capital efficiency, energy intensity, energy/capital and

capital/labor ratios between the CEE countries and the rest of the European Union we test
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the hypothesis that the elasticity of substitution between production factors is different in the

Central and Eastern Europe and in the rest of European Union. We reject the hypothesis of

equal elasticity estimates for the vast majority of cases. Thus we confirm the need for special

estimates for the CEE region.

Lastly, we find that the elasticites in two time periods 2000-2008 and 2009-2014 differ for the

majority of sectors in both regions suggesting that the elasticity of substitution of production

factors changes over time. Hence, CGE models should take into consideration not only the

temporal but also regional aspect and choose values for its calibration carefully.

Acknowledgments

The authors acknowledge financial support from the Czech Science Foundation (grant number

18-26714S), the Czech Technical Agency (grant number TK01010119) and Charles University

internal support programme PRIMUS/17/HUM/16. All errors are our own.

20



References

Antimiani, A., Costantini, V., and Paglialunga, E. (2015). The sensitivity of climate-economy

cge models to energy-related elasticity parameters: Implications for climate policy design.

Economic Modelling, 51:38–52.

Arrow, K. J., Chenery, H. B., Minhas, B. S., and Solow, R. M. (1961). Capital-labor substitution

and economic efficiency. Review of Economics and Statistics, 43(3):225–250.

Baccianti, V. (2013). Estimation of sectoral elasticities of substitution along the international

technology frontier. ZEW Discussion Papers No. 13-092, Centre for European Economic Re-

search.

Beestermoeller, R. (2016). Die energienachfrage privater haushalte und ihre bedeutung für den

klimaschutz - volkswirtschaftliche analysen zur deutschen und europäischen klimapolitik mit

einem technologiefundierten allgemeinen gleichgewichtsmodell. Technical report, Stuttgart.

Böhringer, C., Rutherford, T., and Wiegard, W. (2003). Computable general equilibrium anal-

ysis: Opening a black box. ZEW Discussion Paper No. 03-56.

Broyden, C. (1970). The convergence of a class of double-rank minimization algorithms. Journal

of the Institute of Mathematics and Its Applications, 6:76–90.

Burniaux, J.-M. and Truong, T. (2002). Gtap-e: an energy-environmental version of the gtap

model. Global Trade Analysis Project (GTAP) Technical Papers 18, Department of Agricul-

tural Economics, Purdue University, West Lafayette.

Carraro, C. and Cian, E. (2012). Factor-augmenting technical change: An empirical assessment.

Environmental Modeling and Assessment, 18:13–26.

Cerny, V. (1985). A thermodynamical approach to the travelling salesman problem: an efficient

simulation algorithm. Journal of Optimization Theory and Applications, 45:41–51.

Cossa, P. (2004). Uncertainty analysis of the cost of climate policies. Master of science thesis,

Technology and Policy Program, MIT, Cambridge, Massachusetts.

de Bruin, K. and Mert Yakut, A. (2020). Technical documentation of i3e model, version 3. ESRI

Survey and Statistical report series 91, Economic and Social Research Institute.

21



Dennis, J. and Schnabel, R. (1983). Numerical Methods for Unconstrained Optimization and

Nonlinear Equations. Prentice-Hall, Englewood Cliffs (NJ, USA).

Dissou, Y., Karnizova, L., and Sun, Q. (2015). Industry-level econometric estimates of energy-

capital-labor substitution with a nested ces production function. Atlantic Economic Journal,

43(1):107–121.

Emmerling, J. e. a. (2016). The witch 2016 model - documentation and implementation of the

shared socioeconomic pathways. FEEMWorking Paper 42.2016, Fondazione Eni Enrico Mattei

(FEEM) and CMCC.

Feng, S. and Zhang, K. (2018). Fuel-factor nesting structures in cge models of china. Energy

Economics, 75:274–284.

Fletcher, R. (1970). A new approach to variable metric algorithms. Computer Journal, 13:317–

322.

Fletcher, R. and Reeves, C. (1964). The elasticity of substitution and the way of nesting CES

production function with emphasis on energy input. Computer Journal, 7:48–154.

Gay, D. (1990). Usage summary for selected optimization routines. Computing Science Technical

Report 153, ATT Bell Laboratories.

Gechert, S., Havranek, T., Irsova, Z., and Kolcunova, D. (2019). Death to the Cobb-Douglas

production function. IES Working Papers 26/2019, Institute of Economic Studies, Charles

University.

Goldfarb, D. (1970). A family of variable metric updates derived by variational means. Mathe-

matics of Computation, 24:23–26.

Goraus-Tanska, K. and Lewandowski, P. (2016). Minimum wage violation in central and eastern

europe. IZA Discussion Paper 10098, Institute for the Study of Labor.

Henningsen, A. and Henningsen, G. (2011). Econometric estimation of the “Constant elasticity

of substitution” function in R: Package micEconCES. University of Copenhagen FOI Working

paper, 9.

Huang, M. C. and Kim, C. J. (2019). Investigating cost-effective policy incentives for renewable

22



energy in japan: A recursive cge approach for an optimal energy mix. ADBI Working Paper

Series 1033, Asian Development Bank Institute.

Jacoby, H. D., Reilly, J. M., McFarland, J. R., and Paltsev, S. (2006). Technology and technical

change in the mit eppa model. Energy Economics, 28(5-6):610–631.

Kemfert, C. (1998). Estimated substitution elasticities of a nested ces production function

approach for germany. Energy Economics, 20(3):249–264.

Kirkpatrick, S., Gelatt, C., and Vecchi, M. (1983). Optimization by simulated annealing. Science,

220(4598):671–680.

Kiuila, O., Markandya, A., and Ščasný, M. (2019). Taxing air pollutants and carbon individually

or jointly: results from a cge model enriched by an emission abatement sector. Economic

Systems Research, 31(1):21–43.

Kmenta, J. (1967). On estimation of the ces production function. International Economic Review,

8:180–189.

Koesler, S. and Schymura, M. (2015). Substitution elasticities in a constant elasticity of sub-

stitution framework - empirical estimates using nonlinear least squares. Economic Systems

Research, 27(1):101–121.

Lagomarsino, E. (2020). Estimating elasticities of substitution with nested ces production func-

tions: Where do we stand? Energy Economics, 88:Article 104752.

Lecca, P., Swales, K., and Turner, K. (2011). An investigation of issues relating to where energy

should enter the production function. Economic Modelling, 28:2964–2979.

Marquardt, D. (1963). An algorithm for least-squares estimation of non-linear parameters. Jour-

nal of the Society for Industrial and Applied Mathematics, 11(2):431–441.

Marten, A., Schreiber, A., and Wolverton, A. (2019). Sage model documentation (1.2.0). Tech-

nical report, U.S. Environmental Protection Agency.

Nelder, J. A. and Mead, R. (1965). A simplex method for function minimization. Computer

Journal, 7:308 – 313.

23



Oh, I., Yoo, W.-J., and Kihwan, K. (2020). Economic effects of renewable energy expansion

policy: Computable general equilibrium analysis for korea. International Journal of Environ-

mental Research and Public Health, 17:4762.

Okagawa, A. and Ban, K. (2008). Estimation of substitution elasticities for cge models. Discussion

Papers In Economics And Business 08–16, Graduate School of Economics and Osaka School

of International Public Policy, Osaka University.

Paltsev, S. e. a. (2005). The mit emissions prediction and policy analysis (eppa) model: Version

4. Technical report, MIT Joint Program on the Science and Policy of Global Change, type =

Report, number = 125.

Parrado, R. and De Cian, E. (2014). Technology spillovers embodied in international trade:

Intertemporal, regional and sectoral effects in a global cge framework. Energy Economics,

41:76–89.

REEEM Project (2019). Reeem-d3.1a focus report on economic impacts (version 1). Technical

report, Zenodo.

Sato, K. (1967). A two-level constant-elasticity-of-substitution production function. The Review

of Economic Studies, 34:201–218.

Shanno, D. (1970). Conditioning of quasi-newton methods for function minimization. Mathe-

matics of Computation, 24:647–656.

Shen, K. and Whalley, J. (2013). Capital-labor-energy substitution in nested ces production

functions for china. Technical report, National Bureau of Economic Research, Cambridge.

Solow, R. (1956). A contribution to the theory of economic growth. The Quarterly Journal of

Economics, 70(1):65–94.

Sorrell, S. (2014). Energy substitution, technical change and rebound effects. Energies, 7(5):2850–

2873.

Storn, R. and Price, K. (1997). Differential evolution - a simple and efficient heuristic for global

optimization over continuous spaces. Journal of Global Optimization, 11:341–359.

Su, X., Zhou, W., Nakagami, K., Ren, H., and Mu, H. (2012). Capital stock-labor-energy

substitution and production efficiency study for china. Energy Economics, 34:1208–1213.

24



Timmer, M., Erumban, A., Gouma, R., Los, B., Temursho (Temurshoev), U., de Vries, G., Arto,

I., Genty, A., Neuwahl, F., Rueda-Cantuche, J., Francois, J., Pindyuk, O., Psschl, J., Stehrer,

R., and Streicher, G. (2012). The world input-output database (WIOD): Contents, sources

and methods. IIDE Discussion Papers 20120401, Institue for International and Development

Economics.

Turner, K.and Lange, I., Lecca, P., and Ha, S. (2012). Econometric estimation of nested pro-

duction functions and testing in a computable general equilibrium analysis of economywide

rebound effects. Stirling Economics Discussion Papers 2012-08, University of Stirling, Division

of Economics.

van der Werf, E. (2008). Production functions for climate policy modeling: An empirical analysis.

Energy Economics, 30:2964–2979.

Vandyck, T., Keramidas, K., Saveyn, B., Kitous, A., and Vrontisi, Z. (2016). A global stocktake

of the paris pledges: Implications for energy systems and economy. Global Environmental

Change, 41:46–63.

Zha, D. and Zhou, D. (2014). The elasticity of substitution and the way of nesting CES produc-

tion function with emphasis on energy input. Applied Energy, 130:793–798.

25



Appendix

Tables

Table 4: Aggregation of WIOD sectors

Sector NACE Code Group

Agriculture, hunting, forestry and fishing AtB I. & EI
Mining and quarrying C I. & EI
Food, beverages and tobacco 15t16 II. & EnI
Textiles and textile 17t18 II. & EI
Leather, leather and footwear 19 II. & EI
Wood and products of wood and cork 20 II. & EI
Pulp, paper, paper, printing and publishing 21t22 II. & EI
Coke, refined petroleum and nuclear fuel 23 II. & EI
Chemicals and chemical 24 II. & EI
Rubber and plastics 24 II. & EnI
Other non-metallic mineral 25 II. & EI
Basic metals and fabricated metal 27t28 II. & EI
Machinery, nec 29 II. & EnI
Electrical and optical equipment 30t33 II. & EnI
Transport equipment 34t35 II. & EnI
Manufacturing nec; recycling 36t37 II. & EI
Electricity, gas and water supply E II. & EI
Construction F II. & EnI
Sale, maintenance and repair of motor vehicles and motorcycles; retail sale of fuel 50 III. & EnI
Wholesale trade and commission trade, except of motor vehicles and motorcycles 51 III. & EnI
Retail trade, except of motor vehicles and motorcycles; repair of household goods 52 III. & EnI
Hotels and restaurants H III. & EnI
Inland transport 60 III. & EI
Water transport 61 III. & EI
Air transport 62 III. & EI
Supporting and auxiliary transport activities; activities of travel agencies 63 III. & EI
Post and telecommunication 64 III. & EnI
Financial intermediation J III. & EnI
Real estate activities 70 III. & EnI
Renting of m&eq and other business activities 71t74 III. & EnI
Public admin and defence; compulsory social security L III. & EnI
Education M III. & EnI
Health and social work N III. & EnI
Other community, social and personal services O III. & EnI

Note: I. = Primary sector, II. = Secondary sector, III. = Tertiary sector, EI = Energy intensive sectors, EnI = Energy
non-intensive sectors
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Table 6: Results of the three-level four-input K, L, E, M estimation

Region Sector σK,L σKL,E σKLE,M R2

CEE all 4.2 (1.04) *** 0.77 (0.02) *** 1.39 (0.02) *** 0.98
WEST all 0.56 (0.03) *** 0.68 (0.05) *** 83.39 (70.59) 0.99
EU all 0.56 (0.03) *** 1.02 (0.02) *** 2.22 (0.04) *** 0.99
CEE EI 1.02 (0.06) *** 0.49 (0.07) *** 1.68 (0.12) *** 0.99
WEST EI n.a. (n.a.) 0.51 (0.07) *** 2.81 (0.33) *** 0.97
EU EI n.a. (n.a.) 0.48 (0.02) *** n.a. (n.a.) 0.97
CEE EnI 6.08 (6.54) 0.66 (5.05) 1.48 (0.04) *** 0.98
WEST EnI 0.41 (0.03) *** 0.95 (0.05) *** 2.31 (0.05) *** 0.99
EU EnI 0.56 (0.03) *** 0.82 (0.18) *** 2.52 (0.05) *** 0.99
CEE I. 7.8 (33.05) 0.55 (0.92) 1.07 (0.64) * 0.97
WEST I. 0.93 (0.08) *** 0.76 (0.15) *** n.a. (n.a.) 0.93
EU I. 0.85 (0.05) *** 0.42 (0.04) *** n.a. (n.a.) 0.93
CEE II. 1.51 (0.09) *** 0.44 (0.24) * 1.68 (0.07) *** 0.99
WEST II. 2.77 (0.42) *** 0.49 (0.04) *** 0.88 (0.02) *** 1
EU II. 3.27 (0.48) *** 0.49 (0.02) *** 1.12 (0.02) *** 1
CEE III. 1.47 (0.63) ** 0.55 (0.13) *** 1.52 (0.08) *** 0.97
WEST III. 0.47 (0.05) *** 0.53 (0.05) *** 2.72 (0.11) *** 0.99
EU III. 0.58 (0.09) *** 1.5 (0.33) *** 2 (0.05) *** 0.99

Note: I. = Primary sector, II. = Secondary sector, III. = Tertiary sector, EI = Energy intensive sectors, EnI = Energy
non-intensive sectors; ∗/∗∗/∗ ∗ ∗ indicates that coefficient differs from zero at 10/5/1% level of significance

Table 7: Results of the two-level four-input K, L, E, M estimation
Region Sector σK,L σE,M σKL,EM R2

CEE all 0.41 (0.02) *** 1.48 (0.12) *** 1.79 (0.03) *** 0.97
WEST all 0.49 (0.05) *** 0.79 (0.09) *** 2.99 (0.09) *** 0.99
EU all 0.56 (0.02) *** 0.62 (0.06) *** 3.36 (0.09) *** 0.99
CEE EI 0.98 (0.24) *** 0.79 (0.08) *** 0.63 (0.03) *** 0.98
WEST EI 0.98 (0.09) *** 0.66 (0.04) *** 1.47 (0.08) *** 0.96
EU EI 1.59 (0.18) *** 0.47 (0.04) *** 1.77 (0.1) *** 0.97
CEE EnI 0.7 (0.13) *** 0.79 (1.36) 1.79 (0.05) *** 0.98
WEST EnI 0.61 (0.04) *** 0.95 (0.11) *** 2.72 (0.08) *** 0.99
EU EnI 0.75 (0.05) *** 0.72 (0.09) *** 6.24 (0.31) *** 0.99
CEE I. 1.16 (0.94) 1.2 (1.4) 0.77 (0.42) * 0.97
WEST I. 1.29 (0.63) ** 0.78 (0.3) *** 0.3 (0.03) *** 0.94
EU I. 0.96 (0.25) *** 0.57 (0.54) 0.51 (0.03) *** 0.94
CEE II. 0.48 (1.52) 0.58 (0.03) *** 1.36 (0.07) *** 0.99
WEST II. 0.65 (0.12) *** 1.06 (0.09) *** 0.76 (0.01) *** 0.99
EU II. 0.61 (0.04) *** 0.96 (0.09) *** 0.82 (0.01) *** 0.98
CEE III. 0.45 (0.12) *** 1.13 (0.11) *** 0.93 (0.02) *** 0.97
WEST III. 0.4 (0.02) *** 0.8 (0.04) *** 1.5 (0.04) *** 0.99
EU III. 0.49 (0.02) *** 0.63 (0.02) *** 1.51 (0.03) *** 0.99

Note: I. = Primary sector, II. = Secondary sector, III. = Tertiary sector, EI = Energy intensive sectors, EnI = Energy
non-intensive sectors; ∗/∗∗/∗ ∗ ∗ indicates that coefficient differs from zero at 10/5/1% level of significance
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Table 8: Test for regional difference in substitution elasticity
Region Sector σK,L σE,M σKL,EM

CEE-WEST all 1 1 1
CEE-EU all 1 1 1
WEST-EU all 1 1 1
CEE-WEST EI 1 1 1
CEE-EU EIs 1 1 1
WEST-EU EI 1 1 1
CEE-WEST EnI 0 1 1
CEE-EU EnI 1 1 1
WEST-EU EnI 1 1 1
CEE-WEST I. 1 1 1
CEE-EU I. 1 1 1
WEST-EU I. 1 1 1
CEE-WEST II. 1 1 1
CEE-EU II. 1 1 1
WEST-EU II. 1 1 1
CEE-WEST III. 1 1 1
CEE-EU III. 1 1 1
WEST-EU III. 1 1 1

Note: 1 = H0 rejected on at least 0.1 % significance level

Table 9: Test for time difference in substitution elasticity
Region Sector σK,L σE,M σKL,EM

CEE all 1 1 1
WEST all 1 1 1
CEE EI 1 1 1
WEST EI 1 1 1
CEE EnI 1 0* 1
WEST EnI 0* 1* 1
CEE I. NA 0 1
WEST I. 1* 0* 1
CEE II. 1* 1* 1
WEST II. 1 1 1
CEE III. 1 1 1
WEST III. 1 1 1

Note: 1 = H0 rejected on at least 0.1 % significance level; ∗ indicates that the test was perfomed on statistically insignificant
estimates
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