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Abstract: 
The purpose of this paper is to provide estimated Armington elasticities for selected European 
countries and for three forest commodities of main interest in many energy models: 
roundwood, chips & particles and wood residues. The Armington elasticity is based on the 
assumption that a specific forest commodity is differentiated solely by its origin. The 
statistically significant estimated Armington elasticities range from 0.52 for roundwood in 
Hungary to approximately 4.53 for roundwood in Estonia. On average, the statistically 
significant Armington elasticity for chips & particles over all countries is 1.7 and for wood 
residues and roundwood 1.3 and 1.5, respectively. These elasticities provide benchmark 
values for partial equilibrium models trying to assess trade patterns of forest commodities and 
energy policy effects for individual European countries or the European Community as a 
whole. 
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INTRODUCTION 
Between 1997 and 2005, the intra European trade in forest products and fuels increased more 
than five-fold (FAO, 2008). The increasing trade has been fuelled by not only economic 
growth and the integration of the European markets, but also by the desire to substitute fossil 
fuel with biofuel in the energy systems. In addition, the trend towards a higher environmental 
awareness and an increasing support for renewable energy has perpetuated. Efforts to address 
environmental concerns often involve changes in environmental policies towards increasing 
the share of and changing consumer preferences towards renewable energy, of which forest 
resources have come to play a vital part. Biomass is increasingly used in e.g. large-scale 
energy applications, such as combined heat and power (CHP) and power plants, and in the 
transportation sector. Major issues arising from the growing importance of forest products 
trade include e.g., competition effects for users (both domestically and internationally), 
biodiversity protection, global warming and forest sustainability. The factors influencing the 
level of trade include income growth, improvements in forestry practice, harvesting and 
manufacturing technologies and costs, transportation costs, uniform classification of traded 
commodities, domestic use in relation to availability and the implementation of climate and 
energy policies stimulating an increasing utilisation of renewable energy. In addition, another 
factor that influences the level of trade is the degree to which domestically produced forest 
products can be substituted for imported forest products. 
 
In economics, the affect of external shocks to the economy on individual variables depends 
not only on the size of the shock but also on the behavioural relationships between the 
variables present. Usually these relationships are represented by different measures of 
elasticities in economic models. One such measure is the Armington elasticity of substitution 
(henceforth shortened to Armington elasticity). Armington elasticity is an economic 
parameter commonly used in e.g., international trade models and measures the degree of 
substitution between imported and domestic goods due to changes in the relative price of 
those two goods. It is based on the assumption that products traded internationally are 
differentiated by country of origin (Armington, 1969). 
 
Gallaway et al (2003) points out that the Armington assumption is important in the 
international trade literature for a number of reasons. (1) The magnitude of the Armington 
elasticity is important when assessing the border effect. International borders are apparently 
reducing trade flows amongst countries but the extent depends on the degree of 
substitutability between domestic and imported goods (McCallum, 1995). (2) The Armington 
elasticity plays a key role in applied modelling that is often used to ex ante assess impacts of 
policy changes or other exogenous shocks. Indeed, applied partial and general equilibrium 
models are almost universally sensitive to the magnitude of the Armington elasticities. While 
the Armington assumption considerably simplifies the task of parameterise an economic trade 
model, the Armington elasticity is a key behavioural parameter that drives the results. 
 
The purpose of this paper is to provide estimated Armington elasticities for selected European 
countries and for three forest commodities of main interest in many energy models: 
roundwood, chips & particles and wood residues. 
 
METHOD 
In general, the elasticity of substitution between two products depends on the degree of 
product differentiation. The greater differentiation the lower is the elasticity of substitution 
between the products. Product differentiation entails at least two dimensions. Firstly, goods 
are considered imperfect substitutes when they are physically different. Secondly, product 
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differentiation can also involve differentiation by e.g., availability in time, convenience of 
purchase, after-sales service bundled with the good or even consumers' perceptions of 
inherent unobservable quality (Blonigen et al, 1999). These factors not related to physical 
characteristics may play a particularly strong role in product differentiation.  
 
In fact, the perception of product differentiation is relatively strong in some instances, even 
when distinguishing between the two products is hard. Furthermore, differences in 
information and transactions cost linked with different suppliers affects the level of 
differentiation. Importing commodities could mean extra transaction costs and risks due to: 
(1) extra administrative work (2) exchange rate risk (3) the possibility of protection and 
disruption of supplies (4) delayed shipments because of extensive transportation (5) possibly 
fewer resources for after-sales service (Blonigen et al, 1999). These factors differentiate 
otherwise identical goods, as well as create a systematic home bias and lower elasticities of 
substitution. 
 
A number of studies of international trade have found evidence of preference bias for the 
home product over the foreign product that increases the product differentiation. For instance, 
Trefler (1995) finds that modelling an Armington home bias is statistically and economically 
significant in explaining trade flows between countries. McCallum (1995) uses a gravity trade 
model to analyse trade flows between U.S. states and Canadian provinces. Despite fairly 
similar culture, language, and institutions between these two countries, McCallum finds a 
surprisingly large border effect. McCallum finds that province-to-province trade is over 
twenty times larger than trade between provinces and states. Helliwell (1996) largely 
confirms McCallum's results using similar data even when focusing specifically on Quebec. 
Wei (1996) finds home bias in trade flows among OECD countries. 
 
McDaniel and Balistreri (2002) summarise three robust findings from the literature. First, 
long-run estimates of Armington elasticities are larger than short-run estimates.  Second, more 
disaggregated analyses find higher elasticities, which indicate that aggregation matters and 
interacts with the Armington specification.  Finally, single equation time-series approaches 
identify smaller responses relative to cross-sectional estimation that includes a consideration 
of supply conditions and a broader interpretation of industrial organization. 

The model 
As previously stated, the Armington elasticity is based on the assumption that a specific forest 
commodity is differentiated solely by its origin. This suggests that a representative consumer 
of the forest commodity regards domestically produced and import as substitute. Given that 
the consumer has a well-behaved utility function, the consumption decision is consistent with 
neoclassical utility optimisation.   
 
At a conceptual level, Armington models typically specify a constant elasticity of substitution 
(CES) utility function over the domestic and the import good. Following Reinert and Roland-
Horst (1992), Gallaway et al (2001) and Gibson (2003) the CES function can be specified as: 
 
[1] ( ) ( ) ( )[ ] ( )111 1 −−− −+=

σσσσσσ ββα DMQ  
 
where M is import quantity,  D is domestic production, σ is the elasticity of substitution 
between domestic and imported commodity and finally α and β are calibrated parameters. 
Reinert and Roland-Horst (1992) suggest that σ also can be interpreted as the compensated 
price elasticity of import demand. The solution to the optimisation problem is to choose a 
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combination of imported and domestically produced commodities whose ratio satisfies the 
first-order condition1. 
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where pD is the domestic and pM the import price. Assuming that the choice between 
domestically and imported commodities can be treated as weakly separable from all the other 
input choices, Armington elasticities can be estimated for disaggregated commodity 
categories (Batista et al, 2005). That is, in order to derive the Armington elasticity, the 
assumption of independence must be made (i.e., marginal rates of substitution between any 
two commodities of the same kind must be independent of the quantities of the commodities 
of all other kinds). 
 
A log-linear specification of equation [2] is the most common specification used in the 
relevant literature (e.g., Shiells et al, 1986; Reinert and Roland-Horst, 1992; Shiells and 
Reinert, 1993; Gibson, 2003).  
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Data 
Four data series are required to estimate equation [3]: Imported quantities, domestic 
production and their respective prices. The data has been collected from FAOStat 
(www.fao.org) and includes the forest commodities: Industrial roundwood, chips & particles2 
and wood residues3. The data are annual and covers (for the longest time-series) the period 
1961-2007. All quantities are given in cubic metre solid volume without bark (m3f ub) and 
prices in real (2007 values) US$ per cubic metre solid volume without bark ($/m3f ub). In the 
cases where domestic prices have been missing for certain countries and categories, export 
price is used as proxy. 
 
RESULTS 
In many economic time series, the variables )ln( ijijij DMy =  and )ln( M

ij
D
ijij ppx =  where i 

and j refer to the country and forest commodity, respectively, may be non-stationary. Non-
stationary variables imply the risk of spurious regression unless they are co-integrated. A 
Phillips-Perron unit root test for identifying the order of integration for the price and quantity 
ratios is conducted to determine the order of integration. In most cases each variable is 
stationary in its log-level form. However, in 11 cases one of the series is integrated at the first 
order [I(1)]. Thus, to avoid the risk of spurious regressions these series are dropped from the 
continuing analysis. 
 

                                                 
1 See Gibson (2003) for a formal derivation of the first-order condition. 
2 Wood that has been deliberately reduced to small pieces from wood in the rough or from industrial residues, 
suitable for pulping, for particle board and fibreboard production, for fuel wood or for other purposes. 
3 They consist principally of industrial residues, e.g. sawmill rejects, slabs, edgings and trimmings, veneer log 
cores, veneer rejects, sawdust, bark (excluding briquettes), residues from carpentry and joinery production, etc. 
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Two models are used depending on the time series properties of the variables. The difference 
between the models is that model A includes a time trend, thus making it the preferred model 
for estimating the Armington elasticity (σ) when the time trend coefficient δ is significant:  
 

Model A: ijijij Timexy εδσα +++= 0  
 
Model B: ijijij xy εσα ++= 0  

 
where Time is the time trend and ( )( )ββσα −= 1ln0 . The regressions are conducted using 
OLS on all equations that include variables that are stationary and have more than eight 
observations (Table 1 indicates which of the variables that were dropped). 
 
The regressions results are presented in Table A1 in the appendix. In Table 1 the Armington 
elasticities are summarised based on these regression results. As noted, for some of the 
countries and commodities no regression was conducted either because too few observations 
or that at least one of the variables is non-stationary. Overall, of the 19 countries and three 
forest commodities per country included in the analysis (a total of 57 equations), 37 
regressions were possible to do. Of these, 17 regressions resulted in statistically significant (at 
a 10% significance level) estimates of the Armington elasticity of which two are negative. 
The statistically significant estimated Armington elasticities range from 0.52 for roundwood 
in Hungary to approximately 4.53 for roundwood in Estonia. On average, the statistically 
significant Armington elasticity for chips & particles over all countries is 1.7 and for wood 
residues and roundwood 1.3 and 1.5, respectively. 
 
Table 1: Armington elasticities (absolute t-ratio in parentheses) and estimation model 
used 
 Chips & particles Wood residues Roundwood 
Austria -1.837 (1.651) B *2.456 (4.689) A 0.275 (1.275) A 
Belgium -- -- -- 
Czech Republic -0.305 (0.477) B 0.606 (1.610) A *1.183 (3.218) A 
Denmark -- 0.209 (0.469) A -- 
Estonia -- *0.913 (7.147) B *4.529 (5.609) A 
Finland *1.885 (4.617) A -- 0.218 (1.429) A 
France 0.169 (0.444) B 0.723 (1.108) A *0.749 (3.067) A 
Germany *1.333 (3.678) A 0.728 (1.830) B -- 
Hungary 0.331 (1.568) A -0.243 (1.203) A *0.520 (1.762) A 
Italy -- 0.107 (0.301) A -0.112 (1.544) A 
Latvia -- -- *1.039 (2.637) A 
The Netherlands 0.206 (1.464) A *-1.199 (2.505) A -0.454 (1.323) A 
Poland -- *1.547 (6.792) B *1.306 (4.173) B 
Portugal *1.879 (2.472) B *0.667 (4.266) A -- 
Slovakia -- *1.011 (1.943) B -- 
Slovenia -0.750 (1.008) B -0.157 (0.494) A -- 
Spain -- 0.091 (0.165) B -- 
Sweden 0.054 (0.289) A *-0.740 (2.909) A *1.062 (2.866) A 
UK -- -0.245 (0.754) A -- 

* Statistically significant at 10% level. 
 
The difference in the estimated Armington elasticities across countries and forest 
commodities may reflect several circumstances. First, they capture actual or perceived 
similarity of imports and competing domestic products. Since this paper deals with 
commodities, not with industrial sectors per se, the similarity issue encompasses the 
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composition of the commodities, which may be different at home and abroad. Second, the 
estimated Armington elasticities reflect aspects of substitutability between imported and 
domestic products that are related to the availability of domestic substitutes and to regulation 
and protection in the affecting sector (i.e., the energy, forest and forestry sectors) which varies 
across countries. Finally, domestic forest endowments may prevent price-driven import 
substitution, especially in the case of wood fuels. 
 
An assessment of the results should address how they relate to previous findings, Welsch 
(2008) estimates the Armington elasticity for Fuel & Power Products and Paper & Printing 
Products. Of the statistically significant results and with the right sign, he reports an 
Armington elasticity of 0.37 for Fuel & Power Products in Germany and 0.42 for Paper & 
Printing Products in Italy. The Armington elasticity estimated herein for chips & particles in 
Germany is higher compared to that of Welsch (2008). Chips & particles are more 
disaggregated than Fuel & Power Products and more disaggregated data have shown to 
provide higher elasticities (McDaniel and Balistreri, 2002). Gibson (2003) estimated 
elasticities for South Africa for Wood & Wood Products, Paper & Paper Products and 
Electricity, Gas & Steam range from 0.789 and 1.437. These estimates are in line with the 
findings herein but not directly comparable since South Africa is not part of the current 
sample. Kapuscinski and Warr (1999) find Armington elasticities for Forestry & Logging in 
Philippines ranging from 0.684 to 0.908 depending on model specification. For Paper 
Products they found elasticities ranging from 0.57 to 0.813. Again, these results are lower 
compared to our estimates but their data are on a higher level of aggregation. Using panel data 
with a total of 957 observations for OECD-countries Saito (2004) estimates Armington 
elasticities for different intermediate input sectors. Saito finds that the intragroup elasticity for 
the intermediate input sector Agriculture, Hunting, Forestry and Fishing to be 0.27. For North 
America, Shiells and Reinert (1993) estimates elasticities of substitution amongst US imports 
from Mexico, Canada, the rest of the world using quarterly data for 1980-88. Their nested 
model specification results provide a range of elasticities between 0.84-1.17 for comparative 
sectors using the commodities included in this study. Gallaway et al (2003) provides a 
comprehensive and disaggregated estimation of US Armington elasticities for the period 
1989-1995 and 309 manufacturing industries. They find statistically significant elasticities for 
Logging and Other Wood Products to be 0.616 and 1.38, respectively. Reinert and Roland-
Horst (1992) finds similar results in a similar study preceding that of Gallaway et al (2003). 
 
CONCLUSIONS 
This paper is providing estimates of the elasticity of substitution between imported and 
domestically produced forest commodities (Armington elasticities) for 19 European countries. 
Armington elasticities are estimated for roundwood, chips & particles and wood residues. 
These elasticities provide benchmark values for partial equilibrium models trying to assess 
trade patterns of forest commodities and energy policy effects for individual European 
countries or the European Community as a whole. It is recognised that using ‘correct’ 
estimates of Armington elasticities is essential for the properties of e.g. computable general 
equilibrium (CGE) models. Nonetheless, Armington elasticities are hardly ever estimated in 
conjunction with the construction of these models, instead estimates are taken from the 
literature. This might be time-saving but might also result in ill-fitting estimates. For instance, 
the obtained Armington elasticities might relate to other countries, levels of aggregation and 
commodity definitions than those characterised by the model they are supposed to be used in. 
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The statistically significant estimated Armington elasticities range from 0.52 for roundwood 
in Hungary to 4.53 for roundwood in Estonia. The majority of the estimated elasticities is 
greater than unity but is in general rather low. A clear conclusion from that is that model 
builders might want to avoid using high values of Armington elasticities to prevent unrealistic 
simulated effects of policy measures. In addition, the estimated elasticities differ considerably 
across countries and forest commodities, indicating that using a single estimate for all 
countries and commodities might produce dubious results and thus questionable policy 
conclusions. Low Armington elasticities for Europe are consistent with similar findings 
relating to the U.S. (Shiells and Reinert, 1993). 
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APPENDIX 
 
Table A1: Regression results (standard error in parentheses) 
  Model A Model B   
  a0  σ  δ  R2 a0  σ  R2  n 
Austria C&P     -1.754 (0.168) -1.837 (1.113) 0.161  10
 Residues -0.765 (0.383) 2.456 (0.524) -0.123 (0.043) 0.608     15
 Roundwood -2.112 (0.170) 0.275 (0.216) 0.044 (0.004) 0.853       39

Czech Republic C&P     -2.683 (0.155) -0.305 (0.640) -0.094  10
 Residues               
 Roundwood -3.445 (0.159) 1.183 (0.368) 0.057 (0.017) 0.739     15

Denmark C&P               
 Residues -2.540 (0.250) 0.209 (0.445) 0.342 (0.040) 0.937       15

 Roundwood               

Estonia C&P               

 Residues     -3.835 (0.210) 0.913 (0.128) 0.848  10
 Roundwood -5.981 (0.474) 4.529 (0.807) 0.445 (0.047) 0.905       15

Finland C&P -3.776 (0.199) 1.885 (0.408) 0.284 (0.024) 0.968       9 
 Residues               
 Roundwood -2.819 (0.164) 0.218 (0.152) 0.035 (0.003) 0.761       39

France C&P     -2.241 (0.206) 0.169 (0.381) -0.098  10
 Residues -3.132 (0.183) 0.723 (0.652) 0.063 (0.018) 0.642       15
 Roundwood -1.798 (0.251) 0.749 (0.244) -0.020 (0.005) 0.273       38

Germany C&P -2.627 (0.264) 1.333 (0.363) 0.135 (0.035) 0.646       10
 Residues     -1.369 (0.197) 0.728 (0.398) 0.207  10
 Roundwood               

Hungary C&P -5.061 (0.761) 0.331 (0.211) 0.746 (0.117) 0.927       7 
 Residues -4.416 (0.330) -0.243 (0.208) 0.385 (0.045) 0.909       15
 Roundwood -0.135 (0.190) 0.520 (0.295) -0.066 (0.008) 0.633       39

Italy C&P               

 Residues -0.975 (0.578) 0.107 (0.355) 0.190 (0.024) 0.818       16
 Roundwood -0.145 (0.076) -0.112 (0.072) 0.019 (0.003) 0.448       39

Latvia C&P               
 Residues               

 Roundwood -6.402 (0.805) 1.039 (0.394) 0.308 (0.059) 0.889       16

Netherlands C&P 1.029 (0.111) 0.206 (0.141) 0.142 (0.018) 0.876       10
 Residues -1.983 (0.268) -1.199 (0.479) 0.109 (0.028) 0.515     16
 Roundwood -0.450 (0.313) -0.454 (0.343) -0.019 (0.007) 0.267       36

Poland C&P               

 Residues     -4.699 (0.236) 1.547 (0.228) 0.790  13
 Roundwood     -4.378 (0.215) 1.306 (0.313) 0.302  39

Portugal C&P     -2.829 (0.380) 1.879 (0.760) 0.433  10
 Residues -5.980 (0.369) 0.667 (0.156) 0.168 (0.030) 0.787       16
 Roundwood               

Slovakia C&P               
 Residues     -3.538 (0.534) 1.011 (0.520) 0.201  12

 Roundwood               

Slovenia C&P     -0.024 (0.196) -0.750 (0.745) 0.002  10
 Residues -2.034 (0.254) -0.157 (0.319) 0.132 (0.028) 0.8373       16
 Roundwood               

Spain C&P               
 Residues     -2.639 (0.211) 0.091 (0.551) -0.088  13

 Roundwood               

Sweden C&P -2.631 (0.165) 0.054 (0.187) 0.084 (0.026) 0.4799       10
 Residues -5.852 (0.193) -0.740 (0.254) 0.298 (0.020) 0.9387       16
 Roundwood -3.686 (0.189) 1.062 (0.371) 0.050 (0.009) 0.6926       39

UK C&P               

 Residues -4.213 (0.784) -0.245 (0.325) 0.261 (0.053) 0.7840       15
 Roundwood               
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