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Objective 
 
 

• Establish econometrically benchmark values for the 
constant elasticities of substitution that characterise 
Computable General Equilibrium models  
 

• WIOD database used to econometrically estimate key 
parameters of the GEM-E3 model 



A glance at the literature 

• Several empirical studies attempted to estimate the 
elasticity of substitution  
 

• Influential works include those of Arrow et al (1961) and 
Berndt (1976)  
 

• Recent approaches employ time series studies (Balisteri 
et al, 2003; Klump et al, 2004; Antras, 2004) 

 



A glance at the literature 

• A review of the literature on the estimation of substitution 
elasticities reveals a confusing array of results 

 
• Variation in results is the  outcome of differentials in 

periods of study/ underlying hypotheses/ methods used/ 
data employed 
 

• Generally observed that the elasticity estimates obtained 
from time-series data are significantly lower than those 
obtained from cross-sectional data (non-stationary, 
trending behavior)  



WIOD and substitution 
elasticities 

• The present paper takes a fresh look at the estimation of 
substitution elasticities in CES  
 

• Distinguish between short-run and long-run elasticities 
using appropriate econometric techniques 
 

• Employ pooled time series from WIOD database for the 
estimation of labour-capital substitution elasticities 
 



Data 
Based on the WIOD database consider six different sectors of activity 
  

 
 
 
 
 
 

 

Time period:1995 – 2009. Focus on three pooled data sets for each activity 
 

 
 

Activity  Sector WIOD code 

A1 Agriculture AtB 

A2 Mining and Quarrying & Tot. Manufacturing C, 15t16, 17t18, 19, 20, 21t22, 24, 25, 26, 27t28, 29, 
30t33, 34t35, 36t37 

A3 Energy E, 23 

A4 Construction  F 

A5 Market Services 50, 51, 52, H, 60, 61, 62, 63, 64, J, 70, 71t74 

A6 Non market services L,M,N,O,P 

Country Region 

USA and Canada  Region 1 

EU15 Region 2 

China, India and Japan  Region 3 



Methods 

The CES production function estimated is: 
 
 
 
where: 
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Methods, Direct Approach 

• Nonlinear techniques for the estimation of substitution elasticity 
 
• Non linear approach provides less information than those proposed in 

the literature but: 
 exposed to less measurement errors (only the series in volumes 

required) 
 no needed to construct relevant unit costs (i.e. for capital or 

labour) 
 no misspecification error when different demand behaviour exists 

between individual producers 
 

• R-package “micEconCES” (Henningsen and Henningsen, 2011)  
 



Methods, General Approach 

• Estimate the CES parameters through demand functions derived by 
the producer profit maximization problem: 
 
 

 
 
 

• Formulation includes: 
 the factor augmented (non – neutral) technological change 
 the Hicks (neutral) technological change 
 the exogenous rate of growth 

 

 ( ) ( ) ( )

( ) ( ) ( )( )1 2

1

max

. . 1

t t t t t t

t t
t t t

PV QV PL QL PC QC

s t QV e QL e QC
ρ ρ ρλ λγ δ δ

Π = ⋅ − ⋅ − ⋅

= ⋅ + − ⋅



Methods 
• As a result of the maximization problem the optimal factors demand 

(static version) equations are derived: 
 
 

• Equations can be estimated either independently or as a system with 
a common parameter β in a log form: 
 
 

   where  
• For comparison reasons further estimate: 
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Methods 
• First step to examine the properties of the time series in terms of nonstationarity 

and autocorrelation 
 

• Combined Fisher/Augmented Dickey–Fuller (ADF) panel unit root tests in order 
to determine the order of integration of each activity: 
 ratio of labor/capital to value-added inputs  
 ratio of labor/capital to gross-output inputs 
 corresponding relative payments 

 
• Lag selection based on the minimum Schwarz criterion 

 
• Deterministic part also taken into account (estimation: i-without constant or 

trend ii- with a constant or iii- with a constant and trend) 



Methods 

• Nonstationary series integrated of I(1), tested for a long-run 
stationary relationship with Fisher/Johansen individual test 
 

• Depending on the results appropriate specification for each time 
series is employed 
 

 
 
•  This specification gives the short-run elasticity of substitution 
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Methods 

• When the series are stationary partial adjustment model in 
order to handle for autocorrelation is used: 
 
 
 
 
 

• Short-run elasticity is       and long-run elasticity is 
calculated as: 
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Methods 

• When series are both integrated of I(1) and cointegrated 
Error Correction Model (ECM) is employed: 
 
 
 
 
 

• Short-run elasticity is       and long-run elasticity is 
calculated as: 
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Estimation results 
Region 1, USA CANADA 



Estimation results 
Region 2, EU15 



Estimation results 
Region 3, China India Japan 



Estimation results 

• In most cases the series were found to be I(1) and cointegrated. 
 

• Higher short run elasticities in China, India, Japan 
 

• Higher long run elasticities in EU15 
 
• Estimates consistent with previous empirical evidence (e.g. Berndt,1976 and 

Antras, 2004) 
 

• Estimates of the elasticity based on the marginal product of labour equations 
tend to be higher than the estimates based on the marginal product of capital 
equations 
 
 

 



Conclusions 

• Short-run elasticity lower than one and sometimes close 
to the Leontief specification  

 
• Long-run elasticity greater than one in most of the cases 

 
• Longer time-series would be helpful to improve the 

accuracy of estimations. 
 

• WIOD data seem to be consistent. 



 
 

Thank you for your attention 
 
 

Email: kapros@central.ntua.gr  
Web: www.e3mlab.ntua.gr  
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