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The Effect οf EU Energy and Climate Policies  

on the Economy of Cyprus 

Elena Ketteni, Theofanis Mamuneas, Theodoros Zachariadis and Leonor Coutinho 

 

 Executive Summary 

This report is a shortened version of deliverable D9 of the research project entitled 

“Economic Impacts from the Implementation of the European Union‟s Energy and 

Climate Change Legislation Package in Cyprus”, which is funded by the Research 

Promotion Foundation of Cyprus in the framework of „DESMI 2009-2010‟, a 

programme co-funded by the Republic of Cyprus and the European Regional 

Development Fund (project number ΑΔΙΦΟΡΙΑ/ΚΟΙΑΦ/0609(ΒΙΔ)/02).  

The European Union‟s energy and climate policy package, which was legally adopted 

in early 2009, will have significant effects on the European economy because it will 

induce an increase in energy prices. In this paper we model the effect of this policy 

package on the economy of Cyprus, a small EU island state. We first formulate and 

estimate econometrically an innovative production model that embodies rational 

expectations and dynamic optimization, which accounts not only for efficiency gains 

due to investments in energy-saving technology but also for adjustment costs 

associated with capital replacement. Estimation results are in line with the international 

literature and with economic theory. We then simulate changes in factor demands and 

production costs up to the year 2020 for two scenarios. Production costs may grow by 

4.3-9.6% over the entire economy in the year 2020 as a result of the combined effect 

of higher electricity prices and higher automotive fuel prices. In absolute terms, the 

manufacturing sector and the hotels and restaurants sector are projected to incur two 

thirds of the total cost increases. Per unit of output, the greatest cost increases are 

expected in two sectors: mining and quarrying and hotels and restaurants. Observing 

relative increases in production costs, we find that mining and quarrying, hotels and 

restaurants and non-metallic minerals are the sectors most vulnerable to these price 

increases. This indicates that the competitiveness of these sectors may be seriously 

endangered due to the increased costs associated with the implementation of energy 

and climate policies. 
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Επιπηώζεις ζηην Κσπριακή Οικονομία  
από ηην Εθαρμογή ηης Εσρωπαϊκής Πολιηικής 

για ηην Ενέργεια και ηην Κλιμαηική Αλλαγή 

Έλενα Κεηηένη, Θεοθάνης Μαμοσνέας, Θεόδωρος Ζαταριάδης και Leonor Coutinho 

ΠΕΡΘΛΗΨΗ 

Σν παξόλ Γνθίκην ζπλνςίδεη εξγαζία πνπ δηελεξγείηαη ζην πιαίζην ηνπ έξγνπ κε αξ. 

πξσηνθόιινπ ΑΔΙΦΟΡΙΑ/ΚΟΙΑΦ/0609(ΒΙΔ)/02, ην νπνίν ρξεκαηνδνηείηαη από ην 

Ίδξπκα Πξνώζεζεο Έξεπλαο ζην πιαίζην ηεο «Γέζκεο Πξνγξακκάησλ 2009-2010» 

πνπ ππνζηεξίδεηαη ρξεκαηηθά από ηελ Κππξηαθή Γεκνθξαηία θαη ην Δπξσπατθό Σακείν 

Πεξηθεξεηαθήο Αλάπηπμεο.  

Η λνκνζεζία γηα ηελ ελέξγεηα θαη ηελ θιηκαηηθή αιιαγή, πνπ πηνζεηήζεθε ην 2009 από 

ηελ Δπξσπατθή Έλσζε, αλακέλεηαη λα έρεη επηπηώζεηο ζηελ θππξηαθή νηθνλνκία 

επεηδή ζα νδεγήζεη ζε αύμεζε ησλ ιηαληθώλ ηηκώλ ζε νξηζκέλα ελεξγεηαθά πξντόληα 

θαη ζε πηζαλή επαθόινπζε αύμεζε ησλ ηηκώλ θαη ζε άιια αγαζά θαη ππεξεζίεο. Γηα ηε 

δηεξεύλεζε ησλ επηπηώζεσλ απηώλ, αλαπηύρζεθε έλα ζεσξεηηθό κνληέιν παξαγσγήο 

ηεο θππξηαθήο νηθνλνκίαο θαη εθηηκήζεθε νηθνλνκεηξηθά κε βάζε δεδνκέλα πνπ 

ζππιέρζεθαλ από επίζεκεο ζηαηηζηηθέο πεγέο γηα ηνλ ζθνπό απηό. ηε ζπλέρεηα, 

πξνζνκνηώζεθαλ δύν ζπγθεθξηκέλα ζελάξηα κεηαβνιήο ησλ ηηκώλ ηεο ελέξγεηαο κέρξη 

ην 2020. Η αλάιπζή καο νδεγεί ζηα εμήο ζπκπεξάζκαηα: 

1. Δμαηηίαο ηεο αύμεζεο ησλ ελεξγεηαθώλ ηηκώλ (πξνπαληόο ζηνλ ειεθηξηζκό θαη 

δεπηεξεπόλησο ζηα θαύζηκα θίλεζεο), θαη παίξλνληαο ππόςε ηνλ πεξηνξηζκό ζηελ 

θαηαλάισζε ελέξγεηαο θαη ηηο αιιαγέο ζηε δήηεζε άιισλ ζπληειεζηώλ παξαγσγήο 

αλά παξαγσγηθό ηνκέα, θαηά ην έηνο 2020 ην ζπλνιηθό θόζηνο παξαγσγήο ηεο 

νηθνλνκίαο αλακέλεηαη λα απμεζεί θαηά 331 εθ. Δπξώ (ζε ηηκέο ηνπ 2010). 

2. Μνινλόηη ην θόζηνο απηό ζε απόιπηα κεγέζε είλαη ζεκαληηθό, ε αύμεζε ηνπ 

κνλαδηαίνπ θόζηνπο παξαγσγήο πξνβιέπεηαη λα είλαη ζπγθξηηηθά ρακειή (θάησ από 

0,30 Δπξώ), κε ζπλέπεηα νη επηπηώζεηο ζηελ αληαγσληζηηθόηεηα ηεο νηθνλνκίαο λα 

είλαη πεξηνξηζκέλεο. Δπίζεο, δελ αλακέλεηαη λα επεξεαζζνύλ αηζζεηά νη επελδύζεηο 

θαη ε απαζρόιεζε ζηελ επξύηεξε νηθνλνκία. 

3. Σν αλσηέξσ θόζηνο είλαη ζπγθξίζηκν κε (θαη ζπρλά ρακειόηεξν από) ην θόζηνο πνπ 

πξνθαιείηαη ζηελ θππξηαθή νηθνλνκία από ηε δηαθύκαλζε ησλ δηεζλώλ ηηκώλ ηεο 

ελέξγεηαο γηα ιόγνπο αλεμάξηεηνπο ηεο όπνηαο ελεξγεηαθήο θαη πεξηβαιινληηθήο 

πνιηηηθήο. 
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1. INTRODUCTION 

The European Union‟s energy and climate package, which was adopted in early 2009, 

involves several legally binding measures that aim at reducing greenhouse gas (GHG) 

emissions in the EU by the year 2020. In short, the package envisages a reduction of 

carbon dioxide (CO2) emissions of energy intensive industries by 21% in 2020 

compared to 2005, to be realized through participation of these industries in the EU 

Emissions Trading System (EU ETS) with most of the emission permits purchased in 

auctions; a further substantial decrease of GHG emissions from all other sectors not 

included in the EU ETS, e.g. the residential sector and transportation; and a 

considerable increase in the share of renewables in each country‟s energy mix, with an 

additional mandate for a minimum 10% share of renewable fuels in the total 

consumption of automotive fuels. 

This group of measures will substantially affect the economies of EU countries – 

households, firms and the public sector. The European Commission, the EU‟s 

executive body, has conducted an economy-wide analysis of the impacts of this 

legislative package, which included calculations of the costs of compliance with the 

policy targets carried out with partial and general equilibrium models (Capros et al. 

2011). According to this assessment, the compliance cost to meet both GHG reduction 

and renewables targets was estimated to range between 0.4% and 0.6% of the EU‟s 

GDP (depending on scenario assumptions) in year 2020. An independent assessment 

of the same policy package, carried out with three different computable general 

equilibrium (CGE) models, concluded that the costs would most likely be considerably 

higher than those assessed by the European Commission (Böhringer et al. 2009). At 

the same time, several EU governments and non-governmental organizations have 

expressed scepticism about these economic impact assessments, often claiming that 

the total cost of these measures might be significantly higher in some countries.  

In the case of Cyprus, a small island state in the Eastern Mediterranean that became 

an EU member in the year 2004, a preliminary review of Zachariadis and Shoukri 

(2011) found that the most probable direct effects from the implementation of EU‟s 

energy and climate policy package are twofold. First, a considerable increase in end-

user prices of electricity is expected as a result of the stronger penetration of 

renewable energy sources (which are still more costly than conventional power 

generation) and the participation of power utilities in the EU ETS with the obligation to 

purchase emission permits (whose cost will then be passed through to consumers). 

Second, a modest increase in the prices of automotive fuels is very likely because of 

the obligations to use an increasing fraction of renewable fuels (primarily biofuels) in 

transportation. 
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Starting from such considerations, we model the effect of the EU‟s energy and climate 

policy package on the economy of Cyprus, keeping in mind that the available national 

economic data do not allow developing a CGE model for the country. We first 

formulate and estimate econometrically a production model for Cyprus, based on the 

work of Bernstein et al. (2004), which embodies rational expectations and dynamic 

optimization in the presence of efficiency gains and adjustment costs. As will be 

explained in Section 3, such a model specification provides the appropriate framework 

to assess the effect of energy prices on sectoral production costs and input demand 

because it accounts for the fact that energy is closely tied with energy-using 

technology. Hence investments in new capital, e.g. in energy-saving technology, do not 

simply lead to efficiency gains; they also involve adjustment costs in the short run. In 

contrast to other modeling approaches, we do not distinguish between fixed and 

variable production factors; in our specification, whether each production factor is 

variable or not is tested empirically. To our knowledge, this is the first energy-related 

study that uses this modeling framework.  

Using the above mentioned price increases as an input to our empirically estimated 

model, we perform simulations of changes in factors of production, production output 

and production costs in year 2020 as a result of these assumptions. We find that 

efficiency gains arise from new electricity and fuel inputs, and these gains are not 

offset by adjustment costs. We also find, in line with earlier literature on this topic, that 

labor and electricity and labor and fuels are complements, as well as capital and 

electricity and capital and fuels. Furthermore, we observe that an increase in the price 

of electricity will mostly affect demand for electricity and fuels and to a lesser extent 

decrease demand for labor and physical capital, while it has on average a positive 

effect on the demand for materials. Production costs are expected to rise modestly in 

all sectors of the Cyprus economy; it seems, however, that these increases due to the 

EU‟s energy and climate legislation are comparable in magnitude to fluctuations of 

energy prices during the last decade that have been independent of environmental 

policy. 

 The next Section summarizes the available literature on the interaction between 

energy, productivity and economic output. Section 3 describes the theoretical model 

we developed and its empirical specification. The data we collected and used are 

presented in Section 4. The econometric estimation results are discussed in Section 5, 

while Section 6 describes the policy simulations performed with the empirical model. 

Section 7 concludes, offers policy recommendations and outlines future research 

paths. 
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2. LITERATURE REVIEW 

The impact of energy use and energy price changes on productivity and economic 

growth has been a controversial subject with unclear conclusions. Most of the empirical 

evidence examines the causality between energy and growth. Α general finding of 

these studies is that the results are conflicting and there is no consensus on the 

existence or on the direction of causality between energy and economic output. 

Additionally, studies suggest that the relationship between energy use and aggregate 

GDP can be affected by other factors such as the substitution between energy and 

other inputs, technological change, shifts in the composition of energy inputs, shifts in 

the composition of output as well as environmental implications from the production 

and use of energy (Stern 2011). 

The impact of energy prices on productivity performance has also been controversial; 

energy price changes have a much larger impact on productivity measures than is 

indicated by the energy cost shares, for the energy price increases spill over to affect 

real capital inputs as well (Berndt 1991). Some studies conclude that an increase in the 

price of electricity stimulates technical change, while others find that increases in the 

relative price of energy result in reduced productivity growth (Berndt and Hesse 1986). 

The estimation of substitution elasticities among energy and non-energy inputs has 

also been the subject of several studies, most of which indicate that energy and capital 

are complements and therefore increases in energy prices will result in lower growth. 

Another issue in the literature is how to account properly for input quality changes.  

There is a large empirical literature on the issue on whether capital and energy are 

substitutes or complements and – in the latter case – on how substitutable they are. 

Econometric studies have come to varying conclusions. Apostolakis (1990) concluded 

that capital and energy act more as substitutes in the long run and more than 

complements in the short run. Frondel and Schmidt (2002) revisit the study of 

Apostolakis (1990) using additional data and find evidence of complementarity only in 

cases where energy cost shares are small. When materials are included as a distinct 

factor of production, the cost shares of capital and energy are smaller and 

complementarity is more likely. Similarly, Berndt and Wood (1979) found that studies 

which include capital, labor and energy but not materials as inputs indicate substitution, 

while econometric cost functions that also include materials indicate complementarity. 

Koetse et al. (2008) conclude that the microlevel Hicks elasticity of substitution 

between capital and energy is less than unity, especially in the short run. Capital and 

energy are likely complements in the short run and substitutes in the long run. In 

Atkeson and Kehoe‟s (1999) model energy is used in fixed proportion to capital, but 

different types of capital have different energy requirements. Thus, in the short run 

energy and capital are poor substitutes but in the long run quite a lot of substitution is 
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possible as the capital stock turns over. They find that this model matches changes in 

the US macroeconomic data much better than any alternative models. 

Changes in the energy/GDP ratio that are not related to changes in the relative price of 

energy are called changes in the autonomous energy efficiency index (AEEI). 

Estimates of the trend in AEEI are mixed. The direction of change has not been 

constant and varies across different sectors of the economy (Stern 2011). Berndt et al. 

(1993) use a model to estimate augmentation trends in labor, electricity, fuels, 

machines and structures in the US manufacturing industry from 1965 to 1987. The 

rates of augmentation were 11.8% and -3.4% per annum for electricity and fuels 

respectively. Patterns for Canada and France were entirely different. 

Judson et al. (1999) estimate time effects that show rising energy consumption over 

time in household and other sectors but flat to declining effects in industry and 

construction. They suggest that technical innovations tend to introduce more energy-

using appliances in households and energy-saving techniques in industry. When there 

is endogenous technological change, changes in prices may induce technological 

changes. As a result an increase in energy prices tends to accelerate the development 

of energy-saving technologies, while periods of falling energy prices may result in 

energy-using technological change. There can also be an effect on the general rate of 

total factor productivity (TFP) growth. Jorgenson (1984) found that technical change 

was biased and tended to be energy-using. If this is the case, lower energy prices tend 

to accelerate TFP growth and vice versa. 

Recent research investigates the factors that affect the adoption of energy efficiency 

policies or energy efficiency technology. Differences in the adoption of energy 

efficiency technologies across countries and states over time and among individuals 

might be optimal due to differences in endowments, preferences or the state of 

technology (Stern 2011). Fredriksson et al. (2004) find that the greater the corruptibility 

of policy makers the less stringent is energy policy, and that the greater the lobby 

group coordination costs the more stringent the energy policy. Matisoff (2008) finds 

that the most significant variable affecting the adoption of energy efficiency programs 

across US states is citizen ideology. 

Strong correlations between the state of technology and the levels of other inputs can 

result in biased and inconsistent results of the trend in efficiency or energy 

augmentation indexes. Using a method to address the issue of biased estimation, 

Stern (2011) finds that energy efficiency improved from 1971 to 2007 in most 

developed countries, former communist countries, China and India, but there was no 

improvement in many developing countries. Globally, such technological change 

resulted in a 40% reduction in energy use. He finds that energy efficiency rises with 
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increasing general TFP but it is also higher in countries with more undervalued 

exchange rates in purchasing parity adjusted terms. Higher fossil fuel reserves are 

associated with lower energy efficiency. Energy efficiency converges over time across 

countries with growing economies, and technological change was the most important 

factor mitigating the global increase in energy use and carbon emissions due to 

economic growth. 

3. METHODOLOGY 

It is evident from the above literature review that there is much scope for further 

research in order to explore empirically the role of energy on economic growth and 

productivity. Country-specific and sector-specific analyses are crucial for this purpose 

as the effects may vary considerably across economic sectors. It is essential to employ 

a dynamic model so as to understand how changes in energy prices affect investment 

behavior, employment; productivity and energy use (see e.g. Pindyck and Rotemberg 

1983, Morrison 1993). Ideally, for reasons to be explained in the following paragraphs, 

a dynamic factor demand model should retain the generality of its functional form, but it 

should also embody rational expectations and dynamic optimization in the presence of 

efficiency gains and adjustment costs.  

A model that takes into account indirect effects permits energy price increases to have 

a much larger impact on productivity measures than is indicated by the energy cost 

shares, as energy price increases spill over to affect real capital as well. When energy 

price shocks occur, utilization rates of the various surviving vintages of capital adapt, 

and this also affects the flow of services per unit of capital. Such changes are unlikely 

to be uncovered by traditional measures of capital input and as a result Multi Factor 

Productivity growth will be incorrectly measured.  

If, for example, energy and capital are at least short run complements, then increased 

energy prices will cause the marginal product of capital – and thus capital utilization – 

to decline. Not only would this cause efficiency to be suppressed, it would also cause 

errors in standard measures of technical change. This in turn would cause diminished 

technical change through reduced incentives to invest in new equipment that embodies 

new technology. Other scale effects due to fixities not reflected in measured inputs 

may also cause changes in the overall efficiency of production. In addition, the 

composition of output and capital would likely be affected. Thus, the impact of energy 

price changes is difficult to identify without an appropriate modeling framework of a 

firm‟s production decisions and performance.   

The assumption of instantaneous adjustment of all inputs to price changes may not be 

very useful under sharp and unexpected increases in the energy prices. In such cases 
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the characteristics of short run behavior may differ from those when full adjustment to 

long run equilibrium is attained. Dynamic models have been developed along the basic 

assumption that adjustments of certain quasi-fixed inputs, such as capital, are explicitly 

taken into account by firms in their production decisions so that adjustment costs 

become an endogenous part of their firms‟ total optimization problem. 

Based on all the above considerations we will be using a dynamic framework, which 

also incorporates the technical efficiency of energy inputs, as well as other inputs, 

along with the possibility of substitutability between all inputs under investigation. This 

framework is sufficiently general so as to: 

 capture the effect of input prices on the demands of all inputs under 

consideration (therefore capturing own and cross price effects of all input prices 

and demands), to evaluate whether these are complements or substitutes; 

 allow efficiency gains in production to arise when new inputs generate an 

improvement in technical efficiency that is not fully offset by cost of adjustment. 

Our analysis will follow the methodology of Bernstein et al. (2004), parameterizing 

technical efficiency (which includes adjustment costs) directly into the production 

function. We begin by describing the theoretical framework for our model, and then we 

explain its empirical implementation. 

3.1 Theoretical Model 

This section develops a model incorporating the possibility that the efficiency of factor 

additions from physical and ICT capital accumulation, intermediate input purchases, 

energy inputs or labor hiring, differ from current efficiency levels.  

Following Bernstein et.al (2004), technical efficiency is parameterized directly into the 

production function adding a dynamic dimension to the problem. One attraction of this 

model is the parsimonious treatment of efficiency as a single parameter for each input.  

Efficiency gains in production arise when new inputs generate an improvement in 

technical efficiency that is not fully offset by costs of adjustment.     

Specifically, consider a production function written as: 

                                                                               

where yt is output quantity in period t, F is the production function, vit is the ith input 

quantity in period t, and t also represents the exogenous disembodied technology 

index.  
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Parameters hi provide for changes in technical efficiency levels related to factor 

additions. These parameters reflect the variations in "net" efficiency by capturing the 

gains from factor improvements, and the losses associated with adjustment costs. The 

value of these parameter are always positive (hi > 0, i = 1,2, …, n). 

To understand the role of these parameters, first consider hi = 1. In this case the 

marginal product of net additions of input i in the current period is the same as that of 

existing units of the input, and the standard production function emerges. The 

increased technical efficiency of net additions is being just offset by costs of 

adjustment.  

Next, suppose hi > 1. In this case, the marginal product of net additions of input i in the 

current period exceeds that of existing units of the input. Accordingly, the benefits from 

factor improvements dominate adjustment costs incurred through incorporating new 

inputs into the production process.  

Finally, when 0 < hi < 1, the marginal product of net additions of input i in the current 

period is lower than that of existing units of the input. Adjustment costs dominate the 

benefits associated with factor improvements, and as a result factor additions are less 

productive than existing inputs. 

Factor accumulation is presented by: 

                                                                                                                              

where xit is the addition to the ith input quantity in period t, and        is the ith 

input depreciation rate. 

Input demands are determined from minimizing the expected present value of 

acquisition and hiring costs. The expected value is given by the following: 

               
 

 

   

 

   

                                                                                              

where      
  is the expectation in the current period t of the ith factor acquisition or 

hiring price in period     and          is the discount factor.  

The expected value is minimized subject to the production function and the factor 

accumulation equations. Let      
      

          
        be the ith factor price in 

period t, but expected in period    , and                        is the constant 

discount factor.  

Bernstein et al. (2004) show that this problem is equivalent to the following problem 

defined by the cost function: 
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where       
             

         
      

     is the ith user cost in period t, and 

                
          is the efficiency-adjusted ith input quantity. Note that 

because of the efficiency parameter hi the user cost is more general than the traditional 

factor price. Producers take into account the effect of the efficiency change in current 

and all future efficiency adjusted marginal products of the inputs. To see this, assume 

that there is no efficiency change and set the efficiency parameters to unity. With hi = 1 

then               
        which is the traditional factor price.  

This equivalence enables us to define a cost function which is denoted as: 

                   

Using Shepard's Lemma it is possible to retrieve the efficiency-adjusted factor 

demands according to: 

                   
  

   
                                                                                                                                   

The efficiency-adjusted factor demands, however, are not observable because the 

technical efficiency parameters are unknown. Using the definition of the efficiency-

adjusted quantity,                 
         , the observable factor demands vit can 

be obtained by 

                     
                    

    
      

                             

These sets of equations form the basis for the estimation model which is specified in 

the following Section. They depend on user costs (and thereby depreciation and 

technical efficiency parameters, expected acquisition and hiring prices), on output 

quantity and on the technology indicator. Therefore, estimation of the above method 

requires the specification of two elements:  

1. the cost function; and  

2. the price expectation-generating process for the acquisition and hiring prices. 

When doing so, a system can be estimated which includes: the factor demand 

equations derived from the cost function chosen along with the specific price 

expectation generating processes (Bernstein et al. (2004) suggested it to be an AR(1) 

process, but other versions can be used and tested).  
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3.2 Empirical Specification and Estimation 

This section specifies the cost function and the price expectation generating processes 

for the acquisition and hiring prices required to estimate the model. The cost function 

specified below is assumed to be the symmetric generalized McFadden functional form 

introduced by Diewert and Wales (1988). This functional form is attractive because it is 

flexible and retains its flexibility even under the imposition of concavity with respect to 

user costs. 

           
              

 
   

 
   

      
 
   

              
       

 

   
    

 

   

 

   

 

                     
         

 

   

                            

 

   

 

   

 

where the parameters are denoted by the     and    . The     matrix formed by 

parameters βij is symmetric, and must be negative semidefinite so that the function is 

concave in user costs. Coefficients               are nonnegative constants that are 

not all zero for some reference time period τ. For the reference time period, the cost 

function is homogenous of degree one in user costs if            
   , and 

         
   . The expression       

 
    is an index of input prices, and the 

constants             , are set equal to the input cost shares in the reference time 

period. 

Based on the specified cost function (7), and dividing the observable factor demands 

(6) by output quantity (in order to reduce any possible heteroskedasticity and make 

calculations with the results more tractable), ith investment demand per unit of output 

becomes: 

  
  

   
      

       
 
   

      
 
   

 
               

 
   

 
   

         
 
   

 
  
  

 
     

  
       

               

      
   

     
  

                                                                        

Equation (8) allows estimation of the coefficients using observed data. Concavity is 

also imposed.  

The next requirement for estimation involves the expectation generating processes for 

acquisition and hiring prices. It is assumed that price expectations follow a first order 

autoregressive process: 

     
                                                   (9) 
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where φi and θi are parameters,       
  denotes          , eit is identically and 

independently distributed over time, and since expectations are rational, the expected 

value of eit is zero. This equation set (9) implies, in the current period t, that the ith 

expected acquisition or hiring price in period     is 

     
  

       
  

      
   

                                                (10) 

It is clear from this expression that it is necessary that        . However no other 

condition needs to be imposed on either the sign or the magnitude of the parameters. 

Combining this equation with the input demand from the minimization of the expected 

value of acquisition and hiring costs, user costs become: 

      
      

       

       
 

  

    
 
     

     
 

       

       
                                    (11) 

where        
  ,         and          , r is a constant discount rate. 

With the simplification that φi = 0, expression (11) becomes: 

    
 

  
 
       
       

     

Specifying the price expectations processes reveals that the user costs are 

unobservable because of the technical efficiency parameters hi and the expectations 

parameters φi, θi. Once the concavity and user cost elements are incorporated into the 

demand equations for efficiency adjusted inputs, the outcome is a set of equations that 

are very nonlinear in coefficients.  With the cost function and price expectations 

processes specified, the estimation model becomes equation sets: 

1. The observed demand per unit of output equations (with the user costs defined) 

and 

2. The AR(1) price expectation equations:                  
 

  

 

The error terms are assumed to be identically and independently distributed over time 

with zero expected value. Equation sets are jointly estimated by the Nonlinear 

Seemingly Unrelated Regression estimator, applied to the data. There are five factors 

of production, and thus our system consists of ten equations, five input intensity 

equations, and five equations relating to price expectations. 

3.3 Derivation of Elasticities 

The main concern of the paper is to investigate the effects of increases in end-user 

prices of fuel and electricity (as a result of policies to reduce GHG emissions and 
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increase the penetration of renewable) on factor demands. When the system of factor 

demand equations is estimated along with the price generating processes one can 

obtain the elasticities of input demands. This way one can establish complementarities 

and substitutes between the inputs under investigation. 

The elasticity of demand for efficiency adjusted input   with respect to the user cost of 

this input,     evaluated at year t is: 

    
    

     
  

    
   

   
   
              

where     
   is the demand function and    

  is the value of this function in year t. 

The elasticity of demand for efficiency adjusted input   , with respect to the user cost of 

input j, namely wjt  (j ≠ i) and evaluated in year t is: 

  

    
    

     
  

    
   

   

   
                    

4. DATA DESCRIPTION  

To estimate the model in line with the methodology described in the previous Section, 

one needs data for the prices and quantities of both the output and the inputs included 

in the cost function. We obtained relevant data from several publications of the 

Statistical Service of Cyprus. The data cover the period 1976 to 2008. All prices are 

expressed in constant Euros of year 2000. 

We collected data for each major sector of the Cyprus economy: Agriculture, hunting 

and Forestry, Mining and Quarrying, Electricity, Gas and Water Supply, Construction, 

Wholesale and Retail Trade, Hotels and Restaurants, Transport and Communication 

and Manufacturing. We also collected more detailed data for manufacturing 

subsectors. A detailed description of the data can be found in Appendix 1.  

5. EMPIRICAL RESULTS 

5.1 Estimation Results 

The equation sets mentioned in Section 3.2 are jointly estimated by the Nonlinear 

Seemingly Unrelated Regression estimator. As mentioned above, there are five factors 

of production (labor, capital, raw materials, electricity and fuels), and thus our system 
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consists of ten equations – five input intensity equations and five equations relating to 

price expectations. 

The results from the system estimation are presented in Table 1. 

Table 1: Parameter estimates 

Parameter Estimate St. Error Parameter Estimate St. Error 

    -0.343 0.303     -0.019 0.008 

    -0.766 0.331     -0.048 0.013 

    -0.990 6.339     0.036 0.233 

    -0.124 0.086     0.009 0.005 

    0.228 0.099     -0.0006 0.005 

    -1.708 0.181   
   0.173 0.035 

    -2.208 14.09   
   0.133 0.003 

    -0.277 0.148   
   0.022 0.035 

    0.509 0.025   
   0.329 0.022 

    -2.855 36.46   
   0.883 0.025 

    -0.355 2.293    0.175 0.066 

    0.659 4.205    0.943 0.005 

    -0.045 0.048    0.353 0.051 

    0.083 0.044    0.233 0.053 

    -0.152 0.017    0.076 0.063 

   0.039 0.131    

   0.982 0.356    

   -1.513 9.744    

   -0.248 0.140    

   0.594 0.045    

 
Equation  St. Error  R

2 
 

Labor  0.009  0.997  
Capital  0.022  0.996  
Fuel  0.025  0.927  
Electricity  0.011  0.966  
Materials  0.168  0.828  
Log of LF   2073.78   

The estimates of the efficiency parameters suggest that technical efficiency levels 

increase with factor additions. Moreover, as the case of      implies that efficiency 

does not change, the rate of efficiency growth for the     input can be expressed as 

    . Significant adjustment costs would occur if efficiency parameters were below 1, 

implying negative rates of efficiency growth. These rates, for our data, are estimated to 

be 0.13% for raw materials, 2.04% for electricity, 6.52% for capital, 4.71% for labor and 

46.6% for fuels. 

The estimated rates of efficiency growth for raw materials are the lowest, whereas 

efficiency growth rates for capital accumulation and labor indicate that the new capital 

and labor are more efficient than their current levels. Efficiency gains arise from new 

electricity inputs as well. The efficiency gains from new electricity inputs are not offset 

by the efficiency-eroding adjustment costs. 

The results here indicate that technical efficiency levels rise with new fuel inputs (used 

in production). From the estimation we observe that fuels have the largest rate of 
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efficiency growth among all inputs. Therefore, the efficiency gains from fuel input 

improvements or new fuel inputs are not offset by the reductions in efficiency arising 

from their adjustment costs. The large efficiency effect of fuels relative to the other 

inputs implies that every year the contribution of this input in production increased not 

only because of net editions, but also because those net additions had a higher 

marginal product than fuel inputs already in use. 

5.2 Short Run Elasticities 

The short run elasticities are given by: 

    
   
   

  

  
   

   
   
   

  

  
  

The resulting short run price elasticities (average over the whole sample) are 

summarized in Table 2. A positive elasticity implies that the two inputs are substitutes, 

while a negative one points to a complementary relationship. 

Table 2: Elasticities (average over the sample) 

 QUANTITY 

PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 

LABOR -0.00554  0.00657  0.00346 -0.01799 -0.00329 

CAPITAL  0.00359 -0.05214  0.04615  0.03937 -0.06570 

MATERIALS  0.00530  0.38057 -0.38587 -0.09183  0.53598 

ELECTRICITY -0.00033 -0.00691  0.00691 -0.01283 -0.00987 

FUELS -0.00001 -0.00124  0.00109 -0.00098 -0.00143 

As expected, the own effect of each input price is negative. Therefore each input price 

affects its own demand negatively. The total average elasticities shown in Table 2 

suggest that labor and electricity and labor and fuels are complements, while labor and 

materials and labor and capital are substitutes. Capital and material also appear to be 

substitutes, while the relationship between capital and electricity as well as capital and 

fuels is complementary. Materials and electricity, as well as materials and fuels appear 

to be substitutes. Finally, electricity and fuels are complements in the production 

process. 

The results for the average short run elasticities by economic sector are presented in 

Table A in Appendix 2, along with the elasticities for the selected manufacturing 

subsectors. These are similar to the total averages. Again positive elasticity implies 
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substitutes, while negative implies complements. Here, as well, the own elasticities are 

negative as expected. 

We now turn to the cross-elasticities of electricity price with all the inputs as well as the 

fuel price cross-elasticities, since these are of particular interest in our analysis. 

In Agriculture we observe that electricity appears to be a complement with labor, 

capital and fuels and a substitute for raw materials. Additionally, fuels appear to 

complement labor, capital and electricity and substitute raw materials. The same 

picture emerges for the Mining and Quarrying industry, the Hotels and Restaurants 

sectors and the Transport and Communication.  

For sectors Electricity, Gas and Water, Construction and Total Manufacturing we 

observe a different picture with respect to the relationship between electricity and 

labor, as well as fuels and labor. These factors appear to be substitutes in these 

sectors, since the elasticities are now positive. The rest are the same as in the 

previous industries. 

Finally, for the Wholesale and Retail Trade sector we find that electricity complements 

all inputs in the production process, while the elasticities for fuels are all positive 

(implying substitutability) but very small. 

These results indicate that the relationship between electricity price and input 

demands, as well as that between fuel price and input demands, is not similar among 

sectors. Therefore the effect of the quantity of this input and its price should be 

carefully examined on a sector by sector basis.  

The same can be observed in the case of other inputs. In most cases capital and 

materials as well as labor and materials appear to be substitutes. The relationship 

between labor and capital varies; in some industries they appear to complement each 

other while in others they seem to be substitutes. 

As regards the manufacturing subsectors we observe the following: 

 Electricity has a complementary relationship with labor and raw materials, while 

it substitutes capital and fuels. 

 Fuels appear to complement only capital, while they substitute for labor, 

materials and electricity. 

 Materials and labor appear to be complements in the production process. 

 Capital and both labor and materials are substitutes. 

Note that the results for the manufacturing subsectors should be interpreted with 

caution due to limited data availability by subsector for years prior to 1980, which made 
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it necessary to make some generic assumptions in order to construct a consistent time 

series.  

5.3 Long Run Elasticities 

Using the estimation results, the long run elasticities can be derived on the basis of the 

following formula: 

     
   
   

  

  
  

Table 3 presents long run elasticities, averaged over the whole sample, whereas the 

corresponding sector-specific elasticities are shown in Table B of Appendix 2. 

 Table 3: Long run elasticities (average over the sample) 

 QUANTITY 

PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 

LABOR -0.0318 0.0274 0.0059 -0.0012 -0.0002 

CAPITAL 0.0385 -0.3927 0.4308 -0.0212 -0.0580 

MATERIALS 0.0204 0.3478 -0.4379 0.0211 0.0509 

ELECTRICITY -0.1044 -0.2960 -0.1040 -0.0398 -0.0460 

FUELS -0.0197 -0.4940 0.6079 -0.0302 -0.0672 

Results are similar to those shown in Table 2 for the short run, but long run elasticities 

are greater, suggesting (as expected) a larger effect among inputs in the long run. 

Again a positive effect implies substitutes, while a negative effect complements. 

The own effect is correctly negative. Electricity appears to complement all inputs in the 

long run, while fuels are complements with labor, capital and electricity and substitute 

for raw materials. 

Sectoral results suggest that these effects differ among sectors and subsectors, so 

careful examination is needed before any policy-relevant conclusions are drawn: an 

increase in the price of electricity or fuels as a result of e.g. GHG reduction 

commitments will affect the other inputs differently in each sector. 

In summary, our results indicate that in order to derive policy-relevant conclusions one 

should examine each economic sector (and perhaps its subsectors) separately since 

the effect of a change in the price of electricity and fuels appears to vary considerably 

across sectors. Overall, our results for Cyprus are in line with those of Berndt and 

Wood (1975; 1979) for the United States and Canada. The latter estimated higher 
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elasticities, but this difference is expected because our model distinguishes between 

short run and long run behavior and also accounts for adjustment costs, which tend to 

reduce the effect of energy on other factor demands. 

6. SIMULATIONS 

Assuming a change in prices, and using the elasticities obtained as explained in the 

previous Section, one can calculate the effect of price changes on the quantity 

demanded of each input (expressed as a percentage change). The change in total 

production cost can also be computed. 

The percentage change of the demand of input   is given by: 

   
  

    
   

  
  

                               

The above relationship shows that when the cross elasticity is negative then a price 

increase will tend to reduce the input quantity demanded, while a positive elasticity 

suggests a positive effect (i.e. an increase in the input demand).  

In this way it is possible to calculate the percentage change in quantities demanded of 

each input for given changes in end-user prices of electricity and automotive fuels. 

Zachariadis and Shoukri (2011) have conducted a preliminary review of the direct 

effects of the EU energy and climate package on energy prices in Cyprus, which was 

based on consultation with public authorities and local experts. The simulations 

presented here have used the assumed price increases that were included in that 

report, which are also summarized in Table 4. Two scenarios have been simulated:  

 A  „baseline‟, which assumes that energy prices in Cyprus will develop up to the 

year 2020 as expected by authorities and experts in 2011, without any unexpected 

events (such as sharp increases in compliance costs or shortages in the supply of 

biofuels) that would further raise the prices; 

 A „high impacts‟ case, assuming that international energy and environmental 

agreements or regulations may cause energy prices to grow more strongly than 

initially expected (e.g. due to an increase in oil and gas prices or in the prices of 

CO2 emission allowances, or because of higher biofuel prices as a result of rising 

global demand for biofuels). 
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Table 4: Assumed end-user price increases as a result of the implementation of the EU 

energy and climate package in Cyprus  

 Year 2013 Year 2020 

Scenarios Baseline High impacts Baseline High impacts 

Change in price of: 

electricity  

automotive petrol 

automotive diesel 

other fuels 

 

4.7% 

0.0% 

3.0% 

0.0% 

 

10.0% 

 3.0% 

 6.0% 

 0.0% 

 

12.6% 

 6.0% 

 8.0% 

 0.0% 

 

20.0% 

10.0% 

15.0% 

 0.0% 

Source: Zachariadis and Shoukri (2011). 

6.1. Effects on input demand 

As shown above, relative changes in input demand are calculated as the product of the 

change in energy prices and the corresponding elasticity of demand. Detailed tables 

with simulated change in demand by sector and subsector for the baseline and the 

high impacts scenario are presented in Appendix 3. 

If one accounts for the change in electricity prices only, among the five production 

inputs, demand for electricity and fuels is affected most. In the baseline case, demand 

for labor, capital, fuels and electricity decreases, while the demand for materials 

increases. As a result of the low elasticities reported in Section 5, all changes in input 

demand are very small. On average for the total economy, demand for labor, capital, 

fuels and electricity drops by 0.004%, 0.087%, 0.124% and electricity 0.162% 

respectively, whereas demand for raw materials grows by 0.087%. Similar effects 

(though even smaller in magnitude) are observed when the increase in automotive 

fuels is simulated. The effects are somewhat stronger in the „high impacts‟ scenario, 

since the simulated price increase is higher.  

As regards sectoral impacts, the strongest drop in electricity demand is simulated in 

the trade sector. Agriculture is expected to reduce demand for fuels and capital 

investments more than other economic sectors, followed by manufacturing. The 

strongest negative effects in labor demand are expected in the mining and 

transport/communication sectors. Coming to individual manufacturing subsectors, the 

results show that capital investments increase slightly, perhaps because industries 

adapt to rising electricity prices by investing in more energy efficient equipment. 

Demand for labor and materials fall quite uniformly across subsectors, but the effect on 

labor is particularly small. Obviously electricity demand falls in all subsectors, whereas 
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fuel demand rises in some cases, i.e. in those subsectors where electricity and other 

fuels are substitutes as it came out from the empirical estimations of Section 5. 

6.2. Effects on production cost 

We now turn to the simulation of the effects of price increases on total production 

costs. To calculate these, we use the cost formula (equation 4); the effect is given by: 

  

 
            

   
  

              

Table 5 displays the resulting changes in production costs by sector according to the 

two scenarios, assuming that prices of all other inputs remain constant. Despite slightly 

decreasing demand for some inputs, as described in section 6.1, rising electricity 

prices will increase production cost across all sectors and subsectors. The economy-

wide increase is expected to reach 2.7% in the baseline scenario and 6.7% in the high 

impacts scenario. Mining and quarrying, hotels and restaurants and non-metallic 

minerals turn out to be the most vulnerable industries, i.e. those expected to 

experience the highest cost increases, a reasonable result since all three sectors are 

electricity-intensive and have little possibility for substitution in the short run. 

Conversely, the construction sector is the one affected the least from changing 

electricity prices. 

Table 5: Change in production costs (%) by economic sector of Cyprus in the year 

2020, for an increase in electricity prices 

 Baseline scenario High Impacts scenario 

Electricity price increase in 2020:              12.6%              20.0% 

Agriculture, hunting and forestry 1.67 4.21 

Mining and quarrying 6.70 16.90 

Electricity, Gas and Water 2.44 6.15 

Construction 0.41 1.03 

Wholesale, Retail Trade 2.49 6.29 

Hotels and Restaurants 4.53 11.42 

Transport and Communication 0.97 2.46 

Manufacturing 2.61 6.58 

Food, Beverages and Tobacco 1.85 4.67 

Chemicals, Petroleum, Rubber, Plastic 2.15 5.43 

Non-Metallic Mineral Products 9.93 25.05 

Metal products, Machinery, Equipment 1.10 2.78 

Other manufacturing industries 0.87 2.21 

Total Average 2.66 6.71 
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We now proceed with simulations under the assumption of a combined increase in 

prices of both electricity and other fuels. This combined effect can be computed 

through the following formula: 

  

 
            

   
  

             
   

  
                  

Table 6 reports the results. Compared to the electricity-only case reported in Table 5, 

economy-wide production costs are expected to rise further, reaching 4.3% in the 

baseline scenario and 9.6% in the high impacts scenario. Mining and quarrying, hotels 

and restaurants and non-metallic minerals are still the most vulnerable industries due 

to the increase of both electricity prices and fuel prices, whereas the chemicals and 

metal products industries are expected to remain the least affected in this case. It turns 

out that, compared to Table 5, higher fuel prices make a greater difference to transport 

and communications sector as well as construction – two sectors that are highly 

dependent on fuel use. 

Assuming that energy prices will grow gradually between years 2013 and 2020 in line 

with the information of Table 4, and that the prices of all other production factors will 

not change, we have assessed the annual evolution of production cost increases 

during this 8-year period. These are illustrated in Table 7. Costs increase mildly in the 

first years, because the Cypriot power generation sector can still acquire a substantial 

portion of free CO2 emission allowances and automotive biofuel mandates are not 

stringent during the first years; this leads to a smooth increase in end-user prices of 

fuel and electricity. Then prices grow more strongly and hence production cost rises by 

2020 up to the levels shown in the last row of Table 6. 
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Table 6: Change in production costs (%) by economic sector of Cyprus in the year 

2020, for a combined increase in electricity and fuel prices 

 Baseline scenario High Impacts scenario 

Electricity price increase in 2020:         12.6%         20.0% 

Fuel price increase in 2020:           7.0%         13.0% 

Agriculture, hunting and forestry 3.32 7.16 

Mining and quarrying 8.54 20.19 

Electricity, Gas and Water 4.03 8.99 

Construction 2.24 4.30 

Wholesale, Retail Trade 2.50 6.29 

Hotels and Restaurants 6.96 15.78 

Transport and Communication 2.09 4.45 

Manufacturing 4.42 9.82 

Food, Beverages and Tobacco 2.93 6.60 

Chemicals, Petroleum, Rubber, Plastic 1.99 1.97 

Non-Metallic Mineral Products 10.72 26.47 

Metal products, Machinery, Equipment 1.38 3.28 

Other manufacturing industries 2.76 5.57 

Total Average 4.28 9.61 

Table 7: Annual increases in economy-wide production costs (%) for a combined 

increase in electricity and fuel prices in the period 2013-2020 

Year Baseline scenario High Impacts scenario 

2013 1.47 4.40 

2014 1.74 5.05 

2015 2.09 5.72 

2016 2.51 6.43 

2017 2.85 7.15 

2018 3.27 7.93 

2019 3.71 8.69 

2020 4.28 9.61 

 

Table 8 presents the forecast change in production costs in monetary terms. The 

manufacturing sector is projected to experience the highest cost increase, with 

additional costs exceeding 110 million Euros (at constant prices of year 2010) in year 

2020; in the high impacts scenario manufacturing costs increase by over 250 million 

Euros‟2010. The second largest burden in absolute terms is borne by the hotels and 

restaurants sector. These additional costs will most probably be passed through to final 

consumers, thereby increasing the end-user prices of products and services produced 

by Cypriot firms. 
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Finally, to put the numbers of Table 8 in perspective, we have computed the projected 

changes in average unit cost by sector for this period, assuming that output will remain 

unchanged throughout the 2013-2020 period. Table 9 presents these calculations. 

Although all cost increases are expected to be modest, it becomes evident that two 

sectors are projected to bear the highest increases in unit cost as a result of higher 

energy prices: Hotels and Restaurants, and Mining and Quarrying. The implications for 

the competitiveness of these two sectors of the Cypriot economy are obvious. 

Table 8: Annual increases in economy-wide production costs for a combined increase 

in electricity and fuel prices in the period 2013-2020, in million Euros at constant prices 

of year 2010 

Baseline scenario 2013 2014 2015 2016 2017 2018 2019 2020 

Agriculture, hunting and 
forestry 

7.2 8.7 10.5 12.6 14.3 16.4 18.7 21.8 

Mining and quarrying 1.7 2.0 2.3 2.8 3.2 3.7 4.1 4.7 

Electricity, Gas and Water 4.3 5.2 6.2 7.4 8.5 9.7 11.0 12.7 

Construction 9.2 11.3 13.8 16.8 18.8 21.8 25.1 30.3 

Wholesale, Retail Trade 14.2 16.5 19.5 23.1 26.7 30.3 33.9 37.7 

Hotels and Restaurants 29.9 35.5 42.6 51.0 58.1 66.5 75.4 86.8 

Transport & Communication 7.7 9.3 11.3 13.6 15.3 17.6 20.1 23.6 

Manufacturing 38.5 45.9 55.2 66.2 75.3 86.3 98.0 113.5 

Total  112.8 134.2 161.3 193.5 220.0 252.2 286.3 331.1 

High impact scenario 2013 2014 2015 2016 2017 2018 2019 2020 

Agriculture, hunting and 
forestry 

20.8 24.0 27.3 30.8 34.5 38.4 42.2 47.0 

Mining and quarrying 5.3 6.0 6.8 7.6 8.4 9.3 10.1 11.1 

Electricity, Gas and Water 13.0 14.9 16.9 19.0 21.1 23.4 25.7 28.4 

Construction 22.9 27.0 31.1 35.6 40.5 45.8 50.7 58.1 

Wholesale, Retail Trade 47.6 53.8 60.4 67.1 73.8 80.9 88.1 95.2 

Hotels and Restaurants 90.7 103.8 117.7 132.0 146.8 162.6 178.1 196.6 

Transport and 
Communication 

22.0 25.4 28.9 32.7 36.6 40.8 44.9 50.2 

Manufacturing 114.4 131.4 149.2 167.7 186.8 207.4 227.4 252.1 

Total  336.6 386.2 438.4 492.5 548.4 608.7 667.2 738.8 
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Table 9: Annual increases in the unit cost of production for a combined increase in 

electricity and fuel prices in the period 2013-2020, expressed in Euros at constant prices 

of year 2010 

Baseline scenario 2013 2014 2015 2016 2017 2018 2019 2020 

Agriculture, hunting and 
forestry 

0.023 0.028 0.034 0.041 0.046 0.053 0.060 0.071 

Mining and quarrying 0.078 0.091 0.109 0.130 0.149 0.170 0.191 0.218 

Electricity, Gas and Water 0.042 0.049 0.059 0.071 0.081 0.093 0.105 0.122 

Construction 0.028 0.034 0.042 0.051 0.057 0.066 0.076 0.092 

Wholesale, Retail Trade 0.032 0.037 0.044 0.052 0.060 0.069 0.077 0.085 

Hotels and Restaurants 0.094 0.111 0.133 0.160 0.182 0.209 0.236 0.272 

Transport and 
Communication 

0.033 0.040 0.049 0.058 0.066 0.076 0.087 0.102 

Manufacturing 0.035 0.042 0.050 0.060 0.069 0.079 0.089 0.104 

Total  0.040 0.047 0.057 0.068 0.077 0.088 0.100 0.116 

High impact scenario 2013 2014 2015 2016 2017 2018 2019 2020 

Agriculture, hunting and 
forestry 

0.067 0.078 0.088 0.100 0.112 0.124 0.137 0.152 

Mining and quarrying 0.246 0.280 0.316 0.353 0.390 0.430 0.470 0.515 

Electricity, Gas and Water 0.124 0.142 0.162 0.181 0.202 0.224 0.246 0.272 

Construction 0.070 0.082 0.095 0.108 0.123 0.139 0.154 0.177 

Wholesale, Retail Trade 0.108 0.122 0.137 0.152 0.167 0.183 0.199 0.216 

Hotels and Restaurants 0.284 0.326 0.369 0.414 0.460 0.510 0.558 0.616 

Transport and 
Communication 

0.095 0.109 0.125 0.141 0.158 0.176 0.194 0.216 

Manufacturing 0.104 0.120 0.136 0.153 0.170 0.189 0.207 0.230 

Total  0.118 0.135 0.154 0.173 0.192 0.213 0.234 0.259 

7. CONCLUSIONS  

The European Union‟s energy and climate policy package, which was legally adopted 

in early 2009, will have significant effects on the European economy. In the case of 

Cyprus, it is expected to cause a considerable increase in end-user electricity prices 

and a less pronounced – but still substantial – rise in the retail prices of automotive 

fuels. In this paper we tried to assess the effects of these price increases on the 

economy of Cyprus. We specified and estimated econometrically a production model 

with five factors of production (capital, labor, raw materials, electricity and fuels) which 

embodies rational expectations and dynamic optimization in the presence of efficiency 

gains and adjustment costs; it is probably the first time that such a dynamic model is 

employed to explore the effect of energy on the economy. For this purpose we 

constructed a comprehensive dataset, the most detailed that was possible to compile 

in view of the data that are available in the country. Estimation results are generally in 

line with the international literature and with economic theory. The estimated efficiency 

parameters suggest that technical efficiency levels increase with factor additions. 
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Efficiency growth rates are 0.13% for raw materials, 2.04% for electricity, 6.52% for 

capital, 4.71% for labor and 46.6% for fuels. 

On average, it turns out that labor and electricity and labor and fuels are complements, 

while labor and materials and labor and capital are substitutes. The relationship 

between capital and electricity as well as capital and fuels is complementary. Materials 

and electricity, as well as materials and fuels appear to be substitutes. Finally, 

electricity and fuels are complements in the production process. A more detailed 

analysis reveals a substantial sectoral variation of the relationship between electricity 

price and other input demands, as well as between fuel price and input demands. This 

underlines the need to study the effects of energy-related inputs on the demand of 

other factors of production on a sector by sector basis.  

We then carried out simulations of changes in sectoral input demands and production 

costs in Cyprus up to the year 2020 as a result of the assumed energy price increases. 

Economy-wide, demand for all production factors except materials is projected to 

decline as a result of higher electricity and fuel prices. The trade sector is expected to 

experience the strongest drop in electricity demand, agriculture is expected to reduce 

demand for fuels and capital investments more than other economic sectors, and the 

strongest negative effects in labor demand are expected in the mining and 

transport/communication sectors. Overall, the effects on demand on the production 

side are expected to be small, which means that most of the impact of higher energy 

prices in Cyprus will be passed through to final consumers through higher product 

prices. 

We calculate that production costs may grow by 4.3-9.6% over the entire economy in 

the year 2020 as a result of the combined effect of higher electricity prices and higher 

automotive fuel prices. In absolute terms, the manufacturing sector and the hotels and 

restaurants sector are projected to incur two thirds of the total cost increases. Per unit 

of output, the greatest cost increases are expected in two sectors: mining and 

quarrying and hotels and restaurants. Observing relative increases in production costs, 

we find that mining and quarrying, hotels and restaurants and non-metallic minerals 

are the sectors most vulnerable to these price increases – they are expected to 

experience cost increases of up to 26%. As the latter two sectors (which are related to 

tourism and cement exports respectively) are exposed to international competition, this 

finding indicates that their competitiveness may be seriously endangered due to the 

increased costs associated with the implementation of energy and climate policies. 
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APPENDIX 1: DATA DESCRIPTION 

To estimate the model in line with the methodology described in the previous Section, 

one needs data for the prices and quantities of both the output and the inputs included 

in the cost function. We obtained relevant data from several publications of the 

Statistical Service of Cyprus. The data cover the period 1976 to 2008. All prices are 

expressed in constant Euros of year 2000. 

We collected data for each major sector of the Cyprus economy: Agriculture, hunting 

and Forestry, Mining and Quarrying, Electricity, Gas and Water Supply, Construction, 

Wholesale and Retail Trade, Hotels and Restaurants, Transport and Communication 

and Manufacturing. In order to study the manufacturing sector in more detail, and 

according to data availability, Manufacturing has been split in several subsectors. 

These are: Food, Beverages and Tobacco, Chemicals, Petroleum, Rubber and Plastic 

Products, Non-Metallic Mineral Products, Metal products, Machinery and Equipment 

and Other Manufacturing Industries.  

Those sectors and subsectors were chosen based on the availability of official fuel and 

energy related data. Our analysis uses five inputs: labor, capital, electricity, fuels and 

materials.  

The variables used for our analysis are: Gross output in current prices, Price Deflator 

for Gross output, Value Added in current prices, Value added in constant 2000 prices, 

Employment, Total hours of employment, Investment in current prices, Investment in 

2000 prices, Labor Cost, Cost of Raw materials, Cost of Electricity, Cost of Fuels used 

in production, prices of petroleum products (gasoline, kerosene, gasoil, light fuel oil, 

heavy fuel oil and LPG) and Average price of electricity per KWh by category 

(Domestic, Commercial, Industrial, Agriculture). 

For the construction of the output variable, we use the Gross output variable of each 

sector in current prices (used as the value of output,     ), along with the price deflator. 

The quantity of output is calculated as follows: 

                    
    
    

 

 We also obtained the value added in constant and current prices.  

For labor, necessary data are the price and quantity of labor. We used employment 

and hours of employment to construct employment in man-hours:                . 

The cost of labor was used as the compensation of employees (value of labor). Having 

the value of labor and employment in man-hours the price of labor was obtained, which 
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was transformed in order to be expressed in 2000 prices. Combining labor price and 

labor value one can derive the quantity of labor in 2000 prices. 

Investments, in current and constant prices, were used in order to construct the capital 

stock.  The value of capital was obtained using the value added in current prices and 

the value of labor. The perpetual inventory method was followed with a constant 

depreciation rate of 5%, to get the quantity of capital: 

                   

For the initial value (initial period t = 0) of the quantity of capital we use: 

   
  

            
   

where    is the growth rate of output and   is the depreciation rate. 

For the first variable of interest, fuels, we used the cost of fuels used in production (to 

approximate the value of fuels in current prices), along with the prices of petroleum 

products (gasoline, kerosene, gasoil, light fuel oil, heavy fuel oil and LPG) to obtain a 

weighted average fuel price. The weights were based on the use of each petroleum 

product in the specific industry. Having the price (expressed in constant terms), the 

quantity of fuel was calculated.  

For electricity we use the cost of electricity (to approximate the value of electricity in 

current prices), along with the average price of electricity per kWh by category 

(Domestic, Commercial, Industrial, Agriculture). Transforming the prices to be 

expressed in constant terms, along with the value of electricity, the quantity of 

electricity is calculated.  

Finally, we derived the price index for materials (again using 2000 as the base year) 

using the following formula: 

     
 

    
           

         
      

where S are the output shares of each input, and the cost of raw materials (the value of 

raw materials in current prices) to obtain the quantity of raw materials. 

The total cost was constructed using: 

             
           

 

To obtain this information we collected data from the following official publications of 

the Statistical Service of Cyprus. 
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APPENDIX 2 

TABLE A: SHORT RUN ELASTICITIES BY INDUSTRY (AVERAGE OVER TIME) 
 

AGRICULTURE, HUNTING AND FORESTRY 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0035 -0.0110 0.0140 -0.0033 -0.0112 
CAPITAL -0.0008 -0.0360 0.0364 -0.0597 -0.0549 
MATERIALS 0.0296 0.4082 -0.4315 0.5678 0.5841 
ELECTRICITY -0.0008 -0.0145 0.0154 -0.0188 -0.0206 
FUELS -0.0001 -0.0018 0.0019 -0.0026 -0.0027 
 
MINING, QUARRYING 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0077 -0.0135 0.0155 -0.0297 -0.0101 
CAPITAL -0.0066 -0.0360 0.0348 0.0495 -0.0675 
MATERIALS 0.0980 0.3811 -0.3876 -0.2247 0.6234 
ELECTRICITY -0.0020 -0.0079 0.0087 -0.0014 -0.0125 
FUELS -0.0002 -0.0013 0.0013 0.0011 -0.0023 
 
ELECTRICITY, GAS AND WATER 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0111 0.0796 -0.0212 0.0164 -0.0279 
CAPITAL 0.0237 -0.1497 0.0710 -0.0702 -0.0656 
MATERIALS -0.1141 0.6816 -0.4045 0.4646 0.5391 
ELECTRICITY 0.0008 -0.0049 0.0033 -0.0073 -0.0021 
FUELS 0.0003 -0.0021 0.0009 -0.0016 -0.0010 
 
CONSTRUCTION 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0011 0.0052 -0.0030 0.0276 0.0135 
CAPITAL 0.0025 -0.0441 0.0388 -0.1148 -0.0783 
MATERIALS -0.0148 0.3365 -0.3055 0.7876 0.5713 
ELECTRICITY 0.0003 -0.0068 0.0062 -0.0152 -0.0115 
FUELS 0.0001 -0.0013 0.0012 -0.0032 -0.0022 
 
WHOLESALE, RETAIL TRADE 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0007 -0.0010 -0.0007 -0.1559 -0.0007 
CAPITAL 0.0146 0.0265 0.0138 0.3367 0.0153 
MATERIALS -0.0932 -0.1702 -0.0877 -0.1241 -0.0981 
ELECTRICITY -0.0003 -0.0005 -0.0003 -0.0330 -0.0003 
FUELS 0.0001 0.0001 0.0001 0.0036 -0.0001 
 
HOTELS AND RESTAURANTS 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0050 -0.0094 0.0137 0.0005 -0.0072 
CAPITAL -0.0053 -0.0554 0.0578 -0.0867 -0.0850 
MATERIALS 0.0622 0.4700 -0.5070 0.6747 0.6908 
ELECTRICITY -0.0002 -0.0063 0.0063 -0.0109 -0.0101 
FUELS -0.0001 -0.0010 0.0009 -0.0018 -0.0016 
 
TRANSPORT AND COMMUNICATION 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0103 -0.0151 0.0225 -0.0125 -0.0158 
CAPITAL -0.0141 -0.0360 0.0485 -0.0530 -0.0463 
MATERIALS 0.1614 0.3621 -0.4990 0.4874 0.4479 
ELECTRICITY -0.0020 -0.0056 0.0078 -0.0084 -0.0072 
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FUELS -0.0003 -0.0008 0.0010 -0.0012 -0.0010 
 
      
MANUFACTURING 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0047 0.0184 -0.0127 0.0125 0.0321 
CAPITAL 0.0150 -0.0870 0.0690 -0.0869 -0.1434 
MATERIALS -0.0873 0.5740 -0.4707 0.6325 0.4355 
ELECTRICITY 0.0010 -0.0093 0.0082 -0.0125 -0.0150 
FUELS 0.0002 -0.0017 0.0014 -0.0022 -0.0027 

 
 

SELECTED MANUFACTURING INDUSTRIES 
 

 
FOOD, BEVERAGES AND TOBACCO 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.00023 -0.00001 -0.00024 -0.02742 0.08281 
CAPITAL 0.00002 -0.00011 0.00016 0.00882 -0.02752 
MATERIALS -0.00152 0.00378 -0.00637 -0.37673 0.23108 
ELECTRICITY -0.00017 0.00026 -0.00050 -0.03457 0.09906 
FUELS 0.00070 -0.00119 0.00225 0.14784 -0.45613 
 
CHEMICALS, PETROLEUM RUBBER AND PLASTIC 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.00034 0.00096 -0.00044 -0.01291 -0.11735 
CAPITAL 0.00010 -0.00065 0.00023 0.00562 0.00715 
MATERIALS -0.00368 0.01619 -0.00632 -0.16973 -0.77313 
ELECTRICITY -0.00029 0.00111 -0.00043 -0.01375 -0.03814 
FUELS 0.00133 -0.00489 0.00197 0.05918 -0.27816 
 
NON-METALLIC MINERAL PRODUCTS 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.00023 0.00004 -0.00052 -0.00078 0.00105 
CAPITAL 0.00002 -0.00029 0.00035 0.00098 -0.00163 
MATERIALS -0.00174 0.00710 -0.01099 -0.02762 0.04351 
ELECTRICITY -0.00016 0.00043 -0.00075 -0.00183 0.00271 
FUELS 0.00075 -0.00192 0.00348 0.00829 -0.01248 
 
METAL PRODUCTS, MACHINERY AND EQUIPMENT 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.00022 0.00085 -0.00059 -0.16654 -0.02747 
CAPITAL 0.00006 -0.00068 0.00033 0.05627 -0.02097 
MATERIALS -0.00195 0.01399 -0.00750 -0.45904 0.07462 
ELECTRICITY -0.00016 0.00091 -0.00051 -0.13629 -0.00403 
FUELS 0.00071 -0.00386 0.00223 0.54097 -0.04649 
 
OTHER MANUFACTURING INDUSTRIES 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.00030 0.00077 -0.00054 -0.00230 0.01245 
CAPITAL 0.00009 -0.00045 0.00026 0.01366 -0.03311 
MATERIALS -0.00258 0.00922 -0.00569 -0.13580 0.44696 
ELECTRICITY -0.00024 0.00071 -0.00044 -0.01183 0.02876 
FUELS 0.00096 -0.00280 0.00181 0.02541 -0.09206 
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TABLE B: LONG RUN ELASTICITIES BY INDUSTRY (AVERAGE OVER TIME) 
 

 
AGRICULTURE, HUNTING AND FORESTRY   
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0200 -0.0058 0.0336 -0.0025 -0.0052 
CAPITAL -0.0636 -0.2704 0.4623 -0.0442 -0.0859 
MATERIALS 0.0807 0.2735 -0.4887 0.0467 0.0897 
ELECTRICITY -0.0189 -0.4489 0.6430 -0.0573 -0.1208 
FUELS -0.0645 -0.4129 0.6616 -0.0627 -0.1242 
 
MINING, QUARRYING 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0443 -0.0494 0.1110 -0.0059 -0.0116 
CAPITAL -0.0780 -0.2710 0.4316 -0.0241 -0.0602 
MATERIALS 0.0896 0.2618 -0.4389 0.0264 0.0627 
ELECTRICITY -0.1718 0.3720 -0.2545 -0.0043 -0.0523 
FUELS -0.0585 -0.5073 0.7060 -0.0381 -0.1053 
 
ELECTRICITY, GAS AND WATER 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0644 0.1784 -0.1293 0.0025 0.0139 
CAPITAL 0.4603 -1.1257 0.7720 -0.0148 -0.0991 
MATERIALS -0.1223 0.5335 -0.4581 0.0101 0.0402 
ELECTRICITY 0.0947 -0.5276 0.5261 -0.0221 -0.0746 
FUELS -0.1612 -0.4930 0.6105 -0.0063 -0.0468 
 
CONSTRUCTION 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0064 0.0191 -0.0168 0.0010 0.0032 
CAPITAL 0.0300 -0.3318 0.3811 -0.0206 -0.0608 
MATERIALS -0.0174 0.2919 -0.3460 0.0189 0.0544 
ELECTRICITY 0.1593 -0.8630 0.8919 -0.0463 -0.1474 
FUELS 0.0778 -0.5889 0.6470 -0.0349 -0.1049 
 
WHOLESALE, RETAIL TRADE 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0038 0.1097 -0.1056 -0.0009 0.0013 
CAPITAL -0.0057 -0.1990 -0.1927 -0.0014 0.0021 
MATERIALS -0.0041 0.1036 -0.0993 -0.0009 0.0013 
ELECTRICITY -0.9010 5.5392 -4.6706 -0.1003 0.1681 
FUELS -0.0041 0.1154 -0.1111 -0.0009 -0.0014 
 
HOTELS AND RESTAURANTS 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0286 -0.0395 0.0705 -0.0007 -0.0019 
CAPITAL -0.0541 -0.4169 0.5323 -0.0192 -0.0449 
MATERIALS 0.0794 0.4347 -0.5741 0.0191 0.0437 
ELECTRICITY 0.0028 -0.6516 0.7641 -0.0330 -0.0864 
FUELS -0.0416 -0.6393 0.7823 -0.0307 -0.0748 
 
TRANSPORT AND COMMUNICATION 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0593 -0.1062 0.1828 -0.0060 -0.0120 
CAPITAL -0.0874 -0.2708 0.4101 -0.0170 -0.0366 
MATERIALS 0.1303 0.3645 -0.5651 0.0237 0.0490 
ELECTRICITY -0.0724 -0.3987 0.5520 -0.0254 -0.0580 
FUELS -0.0911 -0.3480 0.5073 -0.0219 -0.0486 
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MANUFACTURING 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0271 0.1129 -0.0988 0.0029 0.0108 
CAPITAL 0.1066 -0.6539 0.6501 -0.0284 -0.0786 
MATERIALS -0.0733 0.5190 -0.5330 0.0249 0.0658 
ELECTRICITY 0.0720 -0.6533 0.7163 -0.0380 -0.1013 
FUELS 0.1858 -1.0780 1.0594 -0.0457 -0.1284 

 
 

SELECTED MANUFACTURING INDUSTRIES 
 

 
FOOD, BEVERAGES AND TOBACCO 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0005 0.0005 -0.0030 -0.0027 0.0057 
CAPITAL -0.0012 -0.0020 0.0074 0.0043 -0.0096 
MATERIALS -0.0005 0.0030 -0.0124 -0.0082 0.0181 
ELECTRICITY -0.0569 0.1663 -0.7358 -0.5667 1.1922 
FUELS 0.1718 -0.5192 2.4045 1.6239 -3.6785 
 
CHEMICALS, PETROLEUM RUBBER AND PLASTIC 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0007 0.0019 -0.0072 -0.0048 0.0107 
CAPITAL 0.0020 -0.0123 0.0316 0.0182 -0.0395 
MATERIALS -0.0009 0.0044 -0.0123 -0.0071 0.0159 
ELECTRICITY -0.0268 0.1060 -0.3315 -0.2255 0.4773 
FUELS -0.2435 0.1348 -1.5100 -0.6253 -2.2433 
 
NON-METALLIC MINERAL PRODUCTS 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0005 0.0004 -0.0034 -0.0025 0.0060 
CAPITAL 0.0085 -0.0055 0.0139 0.0070 -0.0155 
MATERIALS -0.0011 0.0067 -0.0215 -0.0122 0.0281 
ELECTRICITY -0.0016 0.0186 -0.0539 -0.0299 0.0668 
FUELS 0.0022 -0.0308 0.0850 0.0444 -0.1006 
 
METAL PRODUCTS, MACHINERY AND EQUIPMENT 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0005 0.0012 -0.0038 -0.0027 0.0057 
CAPITAL 0.0018 -0.0128 0.0273 0.0149 -0.0311 
MATERIALS -0.0012 0.0062 -0.0147 -0.0084 0.0180 
ELECTRICITY -0.3455 1.0617 -2.8497 -2.2343 4.3627 
FUELS -0.0570 -0.3956 0.1457 -0.0661 -0.3749 
 
OTHER MANUFACTURING INDUSTRIES 
 QUANTITY 
PRICE LABOR CAPITAL MATERIALS ELECTRICITY FUELS 
LABOR -0.0006 0.0018 -0.0050 -0.0039 0.0078 
CAPITAL 0.0016 -0.0086 0.0180 0.0116 -0.0226 
MATERIALS -0.0011 0.0049 -0.0111 -0.0073 0.0146 
ELECTRICITY -0.0048 0.2578 -0.2652 -0.1939 0.2049 
FUELS 0.0258 -0.6247 0.8730 0.4714 -0.7424 
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APPENDIX 3: DETAILED RESULTS OF SIMULATIONS 

Table A3-1: Change in input demand (%) by economic sector of Cyprus in the year 

2020, for an increase in electricity prices in line with the ‘baseline’ scenario 

Sector Labor Capital Materials Electricity Fuels 

Agriculture, hunting and forestry -0.0105 -0.1830 0.1933 -0.2372 -0.2598 

Mining and quarrying -0.0246 -0.0999 0.1094 -0.0176 -0.1577 

Electricity, Gas and Water 0.0103 -0.0611 0.0418 -0.0914 -0.0260 

Construction 0.0040 -0.0854 0.0781 -0.1918 -0.1445 

Wholesale, Retail Trade -0.0037 -0.0058 -0.0037 -0.4155 -0.0038 

Hotels and Restaurants -0.0030 -0.0793 0.0793 -0.1367 -0.1272 

Transport and Communication -0.0247 -0.0705 0.0983 -0.1053 -0.0907 

Manufacturing 0.0122 -0.1177 0.1033 -0.1574 -0.1893 

Total Average -0.0042 -0.0870 0.0870 -0.1615 -0.1243 

Table A3-2: Change in input demand (%) by economic sector of Cyprus in the year 

2020, for an increase in electricity prices in line with the ‘high impacts’ scenario 

Sector Labor Capital Materials Electricity Fuels 

Agriculture, hunting and forestry -0.0167 -0.2906 0.3071 -0.3768 -0.4128 

Mining and quarrying -0.0391 -0.1586 0.1738 -0.0280 -0.2505 

Electricity, Gas and Water 0.0163 -0.0971 0.0664 -0.1452 -0.0412 

Construction 0.0064 -0.1357 0.1241 -0.3048 -0.2296 

Wholesale, Retail Trade -0.0059 -0.0093 -0.0059 -0.6600 -0.0061 

Hotels and Restaurants -0.0048 -0.1260 0.1260 -0.2172 -0.2021 

Transport and Communication -0.0392 -0.1120 0.1561 -0.1672 -0.1441 

Manufacturing 0.0194 -0.1870 0.1641 -0.2500 -0.3007 

Total Average -0.0066 -0.1382 0.1382 -0.2566 -0.1974 

Table A3-3: Change in input demand (%) by manufacturing subsectors of Cyprus in 

the year 2020, for an increase in electricity prices 

 Labor Capital Materials Electricity Fuels 

I. Baseline scenario      

Food, Beverages and Tobacco -0.0021 0.0033 -0.0063 -0.4352 1.2471 

Chemicals, Petroleum Rubber,  Plastic -0.0037 0.0140 -0.0054 -0.1732 -0.4802 

Non-Metallic Mineral Products -0.0020 0.0054 -0.0094 -0.0230 0.0341 

Metal products, Machinery, Equipment -0.0020 0.0115 -0.0064 -1.7159 -0.0508 

Other manufacturing industries -0.0030 0.0089 -0.0056 -0.1489 0.3620 

II. High Impacts scenario      

Food, Beverages and Tobacco -0.0033 0.0052 -0.0100 -0.6913 1.9812 

Chemicals, Petroleum Rubber,  Plastic -0.0058 0.0222 -0.0086 -0.2751 -0.7628 

Non-Metallic Mineral Products -0.0031 0.0086 -0.0149 -0.0365 0.0542 

Metal products, Machinery, Equipment -0.0032 0.0182 -0.0102 -2.7259 -0.0807 

Other manufacturing industries -0.0047 0.0141 -0.0089 -0.2366 0.5751 
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