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ABSTRACT
 

 This paper analyzes the relationship between renewable energy supply and employment 

in OECD countries. While economists have begun to examine this relationship in OECD 

countries, using various methods, few studies have looked at the issue at a regional level or used 

an econometric methodology. Using panel data for most OECD countries from 1995 to 2010 

with a fixed effects model, the study seeks to provide this additional perspective. Key findings 

include: i) renewable energy supply has a positive association with employment; ii) most of the 

jobs created are in the industrial sector; and iii) the association between renewable energy and 

employment is greater in new OECD member countries than in old OECD member countries.  
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INTRODUCTION 

 Renewable energy is increasingly interesting to policymakers around the world. Over the 

past decades, OECD countries have been facilitating the development of renewable energy 

sources in order to combat climate change, improve the security of energy supplies and promote 

economic growth and job creation (Bohringer et al., 2012). The European Union, for example, 

has committed itself to increasing member countries’ renewable energy consumption to 20 

percent of total consumption in 2020 (EU, 2009). Also, according to the United Nations 

Environment Program’s latest report (2012) on renewable energy, most OECD countries are 

increasing or have an increasing trend of investment in renewable energy.  

It is widely accepted that renewable energy makes an indispensable contribution to 

greenhouse gas reduction and energy security improvement (Lambert & Silva, 2012).  Moreover, 

most recent studies on renewable energy and economics growth (Chien & Hu, 2008; Apergis & 

Payne, 2010; Apergis & Payne, 2011; Fang, 2011) have shown that there is positive association 

and bidirectional causality between them. However, the relationship between renewable energy 

and employment remains uncertain (Lambert & Silva, 2012).  

While some policymakers argue that investment in renewable energy will hinder 

employment growth because government investment in renewable energy will crowd out private 

investment and eventually cause job loss (Calzada et al., 2009), others insist that increased use of 

renewable energy and job creation can go hand in hand. The latter view is supported by 

industrial and regional studies on the relationship between renewable energy and employment 

(Wei et al., 2010). Given the high unemployment rates in many OECD countries today, it is 

important to understand the size and sign of renewable energy’s impact on employment.  
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LITERATURE REVIEW 

Using different methodologies, research literature finds both positive and negative 

relationship between renewable energy and employment (See Exhibit 1). Kammen et al. (2004) 

made an early contribution by using an analytical methoda and found a positive relationship 

between them. Lehr et al. (2008) and Garrett-Peltier (2010) used Input-Output methodsb to 

analyze renewable energy and employment in Germany and United States, respectively.  Both 

found a positive relationship. However, Calzada et al. (2009) and Moriss et al. (2009) reached 

different conclusions. They argued that investments in renewable energy would be better spent 

elsewhere in the private sector, and that large investments or subsidies from government would 

crowd out other business investments.  

Exhibit 1 indicates that the previous studies mostly focus on single countries and use non-

econometric methods. This study differs from these earlier studies in three ways. First, it 

explores the overall relationship between renewable energy supply and employment among 

OECD countries using an econometrics-based analysis. Second, it collects a wide range of data 

from different components of employment. So it can identify the economic sectors where most 

of the jobs are created. Finally, it divides the OECD members into two groups based on their 

entry year. The decision to look at these groups separately is based on the fact that there is a huge 

entry year gap (roughly 30 years) between the old members and new members. In other words, it 

                                                
a Analytical methods are usually used for provincial studies by relying on extensive surveys (Lamber & Silva, 
2012). 
b Input-Output methods analyze the employment impacts of a particular activity by examining the increasing or 
decreasing demand in a particular sector by modeling impacts of the sector on all the other sectors (Lamber & Silva, 
2012).  
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took the new members around 30 years to meet OECD standards.c Therefore, it is very likely that 

the economies of the new members and the old ones have some different characteristics.   

 

Exhibit 1. Previous Studies on the relationship between Renewable Energy and Employment 

 Year   Author  Methodology Countries Result 

2012 Lamber & Silva Analytical Multiple OECD countries No clear result 

2011 Cerin & Egrican Analytical Turkey Positive 

2010 Garrett-Peltier Input-output method United States Positive 

2009 Calzada et al. Analytical Spain Negative 

2009 Moriss et al. Analytical  United States Negative   

2008 Lehr et al. Input-output method Germany Positive 

2006 Moreno & Jesus Analytical Asturias, Spain Positive 

2004 Kammen et al. Analytical United States Positive 

 
 
 
 
 
 
 
 

                                                
c See OECD enlargement : http://www.oecd.org/general/oecdenlargement.htm 
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EMPIRICAL METHODOLOGY 

 The employment model is established by defining the demand for labor equation 

following the study of Mollick & Cabral (2009). Assume that production in country i in year t is 

given by a constant-returns-to-scale Cobb-Douglas production function, which depends on 

capital K, d labor L, and a random efficiency factor Ā: 

 Yit = Āit Kit
γ
 Lit

δ                       (1) 

where Āit = Ait + Eit; Ait is labor productivity and Eit is the random component. Taking partial 

derivatives on both sides by ∂Lit, the marginal productivity of labor (∂Yit/∂Lit), which can be 

equalized to the real wage (Wit), is derived on the left side. After re-arranging the equation by 

putting the labor component (Lit) on the left-hand side and the rest on the right-hand side, 

Equation (1) becomes: 

 Lit
1-δ = δ Āit Kit

γ / Wit         (2) 

Taking logs for both side and solving for Lit leads to the specified labor demand equation: 

 lit = β0 + β3ait +  β4kit + β5wit + αi + µt +  ɛit       (3) 

In order to quantify the relationship between employment and renewable energy supply (RES) 

and renewable energy supply as a share of total energy supply (SRES), this paper employs an 

augmented model that includes the logarithm of RESit and SRESit. Therefore, Equation (3) is 

further specified as:  

 lit = β0  + β1resit + β2 sresit + β3ait +  β4kit + β5wit + αi + µt +  ɛit    (4) 

                                                
d Gross capital formation will be used as a proxy for capital stock (Apergis & Payne, 2011). 
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where the dependent and independent variables are now in logarithm forms (lowercase series). 

The coefficient β0 is a constant; αi and µt represents unobserved country and year specific fixed 

effects; and ɛit is the error term.e A summary of the variables is included in Exhibit 2. 

 

Exhibit 2: Definition of Variables 
 

 
lit = β0  + β1resit + β2 sresit + β3ait +  β4kit + β5wit + αi + µt +  ɛit  
 
Where each variable is in logarithm form and uses observations from 34 OECD countries from 
1995 to 2010 
 
 
L = Employment 

RES = Renewable energy supply  

SRES = Share of renewable energy supply 

A = Labor productivity 

K = Capital 

W = Average real wage 

βj = Coefficients of each variable (j=1-5); Constant (j=0) 

αi = Unobserved country specific fixed effects (i=1-34) 

µt = Unobserved year specific fixed effects (t=0-15) 

εit = Error term  

 

 

                                                
e αi , µt and ɛit conform to a two-way error component as proposed by Baltagi (2008). 
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Earlier studies have suggested a positive relationship between renewable energy and 

employment (Kammen et al., 2004; Moreno & Jesus, 2006; Lehr et al, 2008; Cerin & Egrican, 

2011); thus, the coefficient β1 is expected to be positive. Interpretation of the coefficient β2, 

however, is somewhat tricky. Controlling for renewable energy supply, a decline in share of 

renewable energy supply means an increase in the supply of non-renewable energy, which may 

be assumed to be non-renewable energy supply. f Therefore, as non-renewable energy supply is 

positively related with employment (Sari et al., 2008), β2 is expected to be negative. According to 

Meager & Speackesser (2011), wage and productivity are highly correlated, which is true for this 

study as well. This makes the relationship between employment and wage or productivity among 

OECD countries controversial. That means the signs of coefficients β3 and β5 are uncertain. The 

coefficient β4 is expected to be positive because the higher it is, the stronger the complementarity 

between capital and labor  (Mollick & Cabral, 2009). A summary of the predicted signs is 

produced in Exhibit 3. 

Exhibit 3: Predicted Signs of Coefficients in the Model 

Variable  Definition Predicted 
Relationship 

Relevant Literature 

RES Renewable Energy Supply  Positive Kammen et al., 2004 
Garrett-Peltier, 2010 
Cerin & Egrican, 2011 

SRES Share of Renewable Energy Supply Negative Sari et al., 2008 
A Average Labor Productivity Uncertain Meager & Speackesser, 2011 
W Average Labor Compensation  Uncertain Meager & Speackesser, 2011 
K Average Capital  Positive Mollick & Cabral, 2009 

Notes: all the variables are in logarithm forms. 
                                                
f The reason this paper does not directly use non-renewable energy supply as a dependent variable is that it is highly 
correlated with the other variables including productivity and capital. However, the disadvantage of using share of 
renewable energy is that it is difficult to compare the magnitudes of non-renewable and renewable energy’s impacts 
on employment.  



 

7 
 

Based on Equation (4), either a fixed effect model or a random effect model would be 

employed here. According to Mollick & Cabral (2009), the individual fixed effects  (αi or µt) 

may be either assumed to be correlated with explanatory variables (fixed effects model), or be 

incorporated into the error term (random effects model). If the former assumption holds, the 

fixed effects model is more efficient than the random effects model. A Hausman test will be 

performed to determine the proper model to use (Greene, 2008).  

Moreover, the model may have a specification issue because of the back-and-forth 

relationship between employment and productivity. For instance, productivity is a residual 

resulting from capital and labor decision, while in this model it works as an explanatory variable 

for employment (Mollick & Cabral, 2009). To improve model specification, the paper employs 

1-year lagged explanatory variables. It is important to understand that lagged methodology may 

not be able to eliminate the problem entirely, but it minimizes any associations running from the 

dependent to the explanatory variables. In order to find the best functional form of lagged 

methodology, several non-reported experiments were conducted and the best fit was found when 

productivity, capital, and wage variables were lagged.g Therefore, the model is finalized as  

lit = β0  + β1resit + β2 sresit + β3ait-1 +  β4kit-1 + β5wit-1 + αi + µt +  ɛit        (5)  

 

 

                                                
g Model diagnostics are attached in the Appendix. 
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DATA 

The cross-country yearly data for this study are mainly derived from OECD iLibrary.h 

The original dataset includes all 34 OECD countries from 1995 to 2010. In order to examine the 

renewable energy supply’s associations with different components of overall employment as 

well as different components of both industrial and service employment.i Seven datasets were 

constructed. The first dataset consists of overall employment and corresponding data on 

productivity, average wage, and gross capital as well as renewable energy supply and share of 

renewable energy supply.j The next two datasets are the two major components of total 

employment – industrial employment and service employment – and corresponding data. The 

final four datasets are construction employment, other industrial employment (mainly 

manufacturing and energy employment), financial service employment, sales service 

employmentk and corresponding data. In order to examine the different implications of 

renewable energy on different OECD groups, each dataset was divided into three groups: i) all 

OECD members (OECD), ii) old OECD members (OLD), iii) new members of OECD (NEW).  

A small number of countries with missing data were removed.l The missing data are 

mainly on real wages and labor productivity. No finding shows that these missing data represents 

                                                
h The link of the database is http://www.oecd-ilibrary.org/statistics. However, gross capital formation is derived 
from World Bank Database http://data.worldbank.org/ due to the limitation of the data derived from OECD iLibrary. 
i The Agricultural employment is not included in this paper because (i) wage data for agricultural employment are 
not available; and (ii) in most of the OECD countries, agricultural employment only accounts for a very small share 
of total employment. 
j Data on overall renewable energy supply and share of renewable energy supply are used in all datasets. 
k There are still a few components of service employment missing due to the data availability, but they constitute 
only a minor proportion. 
l The reason why this paper removes the missing data is to create a balanced dataset. However, the results from 
unbalanced datasets are similar to the ones this paper finds.  
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purposeful omissions, and as Wooldridge (2008) indicates, if the missing data are random, it 

does not affect the general results and implications. 

Figure 1 provides a cross-sectional analysis on the relationship between the average 

renewable energy supply and average employment among OECD countries. It demonstrates that 

there is a positive association between them as most of the countries lie in or near the 95 percent 

conference interval. However, the cross-sectional analysis only gives a descriptive argument. 

The fixed effects model used in the next section will provide more precise results by controlling 

the observed country invariant and time invariant variables.  

 

Figure 1: Cross-Sectional Analysis of Average Renewable Energy Supply and 
Average Overall Employment among OECD Countries 

 

 

Notes: both employment and renewable energy supply are in logarithm forms.  
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EMPIRICAL RESULTS 

Table 1 indicates that the coefficients for labor productivity and average real wage are not 

significant. This is consistent with the discussion in the methodology section about the 

controversial relationship between employment and productivity and wage among OECD 

countries. Although they are statistically insignificant, this paper makes no attempt to remove 

them from the model, because (i) both theory (Ehrenberg & Smith, 2011) and the literature 

(Mollick & Cabral, 2009) have proved their non-negligible position in determining employment 

level; and (ii) a substantial proportion of the regressions in the rest of the paper find that there are 

significant coefficients for productivity and wage.   

However, the coefficients for 1-year lagged capital, renewable energy supply and share of 

renewable energy supply are all significant. Therefore, the first finding is that among OECD 

countries both renewable energy and non-renewable energy have a positive relationship with 

total employment. This result is consistent with the results of studies that use different 

methodologies. Moreover, the magnitudes of coefficients of RES from old OECD members are 

smaller than those from new OECD members. It implies that an increase on renewable energy 

supply has a smaller association with employment in old OECD members than in new OECD 

members. In addition, there are significant negative coefficients for SRESm. As discussed above, 

a negative sign for SRES’s coefficients indicates a positive relationship with non-renewable 

energy supply. 

                                                
m This paper does not examine the magnitudes of SRES coefficients to explain the effects from non-renewable 
energy supply for two reasons. First, renewable energy is the primary variable of interest for this study. Second, it is 
difficult to interpret the magnitude effects of non-renewable energy from the coefficients of SRES. 



 

11 
 

Table 1. Dependent Variable - Total Employment 
 

 OECD OLD NEW 
Variables (1) (2) (3) 
    
RES 0.109*** 0.0930*** 0.114** 
 (0.0245) (0.0294) (0.0516) 
Share of RES -0.120*** -0.0909*** -0.147*** 
 (0.0232) (0.0278) (0.0495) 
Labor Productivity 0.0307 0.0551 -0.0983 
 (0.0305) (0.0350) (0.0613) 
Average Real Wage -0.00323 -0.168*** -0.00324 
 (0.00305) (0.0463) (0.00423) 
Capital 0.0578*** 0.0721*** 0.0527*** 
 (0.00839) (0.0111) (0.0159) 
Constant 7.454*** 9.146*** 7.662*** 
 (0.0217) (0.0584) (0.0777) 
    
F-test 82.01 105.69  71.20 
[p-value] [0.000] [0.000] [0.000] 
R-Square 0.9169 0.9831 0.9403 
Observations 406 280 126 
Number of Countries 29 20 9 

(1) Standard errors in parentheses 
(2) *** p<0.01, ** p<0.05, * p<0.1 
(3) Country fixed effects and year fixed effects are included in the regression but not reported 
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Table 2 shows the results of the two main components of total employment: industrial 

employment and service employment. The two most interesting findings reported the Table 2 

are, first, that the magnitudes of the coefficients of renewable energy imply the same results as 

discussed in Table 1, that an increase on renewable energy has a greater association with an 

increase in employment in new OECD members then in old OECD members. Second, the signs 

of the coefficients of RES and SRES show that both renewable energy and non-renewable 

energy have a positive relationship with industrial and service employment. Third, the 

coefficients of renewable energy supply are all significant for industrial employment, but not for 

service employment. This implies that renewable energy supply does not have a significant 

relationship with service employment. A non-reported result is that the coefficients of renewable 

energy in all regressions are insignificant for financial service employment and sales service 

employment. This helps explain why the model’s explanation of overall service employment is 

unsatisfactory in Table 2. As a result, analysis in the remaining sectors of this paper is limited to 

industrial employment. 
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Table 2. Dependent Variables - Industrial Employment and Service Employment 
 

 Industrial Employment  Service Employment 
Variables OECD OLD NEW OECD OLD NEW 
 (1) (2) (3) (1) (2) (3) 
       
RES 0.224*** 0.159*** 0.282** 0.0993*** 0.0548 0.156* 
 (0.0471) (0.0488) (0.116) (0.0354) (0.0384) (0.0843) 
Share of RES -0.234*** -0.159*** -0.341*** -0.112*** -0.0671* -0.181** 
 (0.0447) (0.0462) (0.109) (0.0334) (0.0362) (0.0809) 
Industrial       
       
Labor Productivity -0.311*** -0.314*** -0.266*    
 (0.0716) (0.0832) (0.140)    
Real Wage -0.00823 -0.0708 -0.00993    
 (0.00534) (0.0618) (0.00819)    
Capital 0.266*** 0.273*** 0.214**    
 (0.0374) (0.0410) (0.0983)    
       
Service  
 

      

Labor Productivity    -0.0869* -0.0671 -0.311*** 
    (0.0462) (0.0488) (0.111) 
Real Wage    -0.00647 -0.132** -0.00775 
    (0.00400) (0.0511) (0.00545) 
Capital    0.196*** 0.248*** 0.262*** 
    (0.0385) (0.0463) (0.0794) 
Constant 4.418*** 5.339*** 4.813*** 5.466*** 6.355*** 5.086*** 
 (0.0806) (0.133) (0.403) (0.0692) (0.128) (0.141) 
       
F-test 105.69 71.20 46.51 38.55 42.29 5.71 
[p-value] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
R-Square 0.9831 0.9403 0.9705 0.9331 0.9922 0.9899  
Observations 364 266 98 364 266 98 
# of Countries 26 19 7 26 19 7 

(1) Standard errors in parentheses 
(2) *** p<0.01, ** p<0.05, * p<0.1 
(3) Country fixed effects and year fixed effects are included in the regression but not reported 
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Table 3 shows that all the coefficients of RES and SRES are significant and the signs are 

positive and negative, respectively. This means that both renewable energy supply and non-

renewable energy supply have a positive relationship with both components of industrial 

employment. The table reports two additional interesting findings. First, the magnitudes of the 

coefficients are similar between the two employment components (other industrial and 

construction). Second, the magnitudes of RES coefficients in NEW are roughly twice as large as 

those in OLD. This implies that renewable energy is much more effective in creating jobs in new 

OECD member countries than in old OECD member countries.  

Therefore, the conclusion of the first part of the section can be summarized as: (i) 

renewable energy has a significant and positive association with total employment, industrial 

employment, construction employment and other industrial employment; (ii) the coefficients of 

renewable energy have greater magnitudes for different sorts of employment components in new 

OECD countries than in old OECD countries; and (iii) non-renewable energy has a positive 

relationship with all components of employment in both old and new OECD countries.  
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Table 3. Dependent Variables - Other Industrial Employment and Construction Employment 
 

 Other Industrial Employment Construction Employment 
Variables OECD OLD NEW OECD OLD NEW 
 (1) (2) (3) (1) (2) (3) 
       
RES 0.255*** 0.174*** 0.342*** 0.249*** 0.115** 0.354*** 
 (0.0430) (0.0506) (0.0852) (0.0467) (0.0493) (0.100) 
Share of RES -0.267*** -0.188*** -0.347*** -0.273*** -0.132*** -0.384*** 
 (0.0407) (0.0478) (0.0813) (0.0441) (0.0463) (0.0967) 
Other Industrial       
       
Labor Productivity -0.200*** -0.191** -0.233**    
 (0.0676) (0.0900) (0.109)    
Real Wage -0.00952* -0.0697 -0.0148**    
 (0.00540) (0.0671) (0.00713)    
Capital 0.193*** 0.151*** 0.306***    
 (0.0323) (0.0378) (0.0683)    
       
Construction       
       
Labor Productivity    0.0241 0.0303 -0.0355 
    (0.0571) (0.0571) (0.122) 
Real Wage    -0.00365 -0.0994** -0.00689 
    (0.00574) (0.0463) (0.00824) 
Capital    0.0633*** 0.135*** 0.0481 
    (0.0192) (0.0239) (0.0369) 
Constant 4.002*** 5.620*** 2.450*** 4.608*** 5.649*** 4.474*** 
 (0.0707) (0.133) (0.195) (0.0592) (0.0651) (0.154) 
       
F-test 48.16 53.79 29.94 53.89 56.34 25.76 
[p-value] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
R-Square 0.9601 0.9780 0.9742 0.8840 0.9448 0.9463 
Observations 392 266 126 392 266 126 
Number of cid 28 19 9 28 19 9 

(1) Standard errors in parentheses 
(2) *** p<0.01, ** p<0.05, * p<0.1 
(3) Country fixed effects and year fixed effects are included in the regression but not reported 
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In order to compare the relationship between renewable energy supply and different 

components of employment in each OECD group – OECD, OLD and NEW, Table 4 is 

conducted by putting the coefficients of renewable energy from Tables 1-3 into the table and 

conducting a horizontal analysis of each row.  Three interesting findings are shown. First, among 

the three groups (rows), the coefficients in the industrial employment column are much higher 

than those in the total employment column, implying that the industrial employment is the main 

driver of the employment related to renewable energy. Second, the magnitudes of the 

coefficients in the industrial employment column are sometimes outside the range between the 

coefficients of construction and other industrial employment. This apparent anomaly may be 

caused by missing datan. When comparing the numbers of countries in Tables 2 and 3, two 

countries are missing from the OECD and NEW columns. This is consistent with the anomaly 

here; in Table 4, only the rows for OECD and NEW have the problem. Third, a comparison of 

the coefficients in construction and other industrial employment columns indicates that the 

coefficients of renewable energy supply have greater magnitudes for construction employment 

than for other industrial employment among old OECD members, while the coefficients show no 

significant difference among new OECD members. 

 

 

 

 

                                                
n If there are no missing data, the values in the ‘industrial employment’ column should be within the range between 
the coefficients of construction and other industrial employment simply because the total of industrial employment 
is equal to the sum of construction and other industrial employment. 
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Table 4. Summary of the RES’s Association with Different Employment Components  
(Coefficients of RES in different employment components) 

 

 Total 
Employment 

Industrial 
Employment 

Construction 
Employment 

Other Industrial 
Employment 

OECD 0.109 0.224 0.255 0.249 

OLD 0.0930 0.159 0.174 0.115 

NEW 0.114 0.282 0.342 0.354 

Note: all the coefficients are at the 95 percent confidence level. 
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CONCLUSIONS AND POLICY IMPLICATIONS 

A key finding of this study is that there is a statistically positive relationship between 

renewable energy supply and different components of employment. However, results are only 

statistically significant for overall employment, industrial employment, construction employment 

and other industrial employment, and this is true for both old OECD members and new OECD 

members. One possible interpretation for why renewable energy supply has an insignificant 

relationship with service employment is that, in recent years, countries have financed renewable 

energy projects largely focused on construction and other industrial fields, like manufacturing 

and energy. That is why both construction and other industrial employment have been 

significantly and positively related with renewable energy supply, while the results for the 

service employment components indicate an insignificant association with renewable energy.  

Moreover, renewable energy supply works better in creating jobs in new OECD member 

countries than old OECD member counties. One possible reason is that there is a diminishing 

marginal effect of renewable energy supply on jobs. That means that as renewable energy supply 

increases, the associated increase in employment will be smaller. Old OECD countries 

implemented renewable energy project much earlier than new OECD by 1995, renewable energy 

already accounted for a relatively large share of their total supply. It would be interesting if this 

study could examine the real marginal effects of renewable energy supply on job creation. 

However, because of limitation in the data, the conclusions will need to wait for further proof.  

In addition, this paper does not use causal language because the model does not entirely 

eliminate the omitted variable problem.  Although the problem may be solved by finding a 

proper instrumental variable, it is very difficult to initiate an instrumental variable that is 
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correlated with renewable energy supply but uncorrelated with different components of 

employment. Further study is needed to find proper instrumental variable to examine the 

causality.  

 Overall, the findings deliver strong evidence to help policymakers in OECD countries 

consider renewable energy initiatives as a tool to create jobs. However, these findings do not 

mean that renewable energy has relationship with all components of employment. As renewable 

energy projects are highly related to construction, manufacturing and energy, policies advocating 

renewable energy have to aim at creating jobs in the industrial sectors. In addition, as 

investments in renewable energy may have a diminishing marginal effect on employment, old 

OECD countries, which have already implemented programs to increase renewable energy 

supply, may have to take this into consideration when expanding their renewable energy efforts. 

New OECD countries, where renewable energy supply still accounts for a small share of total 

supply, may seize the opportunity to use such projects tool to create jobs, especially in the 

industrial sector.  

 Last but not least, the relationship between renewable energy and employment or even 

economic growth is not the only concern for policymakers deciding on whether to encourage the 

expansion of renewable energy. They must also consider other benefits of increasing renewable 

energy supply renewables, including reducing CO2 emissions, increasing energy security, and 

creating a greener environment for citizens.  

 
 
 
 
 



 

20 
 

APPENDIX: DIAGNOSTICSo 
 

Poolability Chow Test 

 Before running a fixed or random effects model, a poolability chow testp should be 

conducted to make sure that fixed or random effects model is allowed (Park, 2011). The model 

marginally passed the test by have a p-value of around 0.10. 

Hausman Test 

 After the poolability test, a Hausman test is used to determine which model is more 

efficient. A result with 0.000 P-value indicates that fixed effects model is more efficient than the 

random effects model (Greene, 2011).  

Multicollinearity Examination 

 RES SRES L.A L.K L.W 
RES 1.0000     
SRES 0.4843 1.0000    
L.A 0.1595 0.0890 1.0000   
L.K 0.7322 -0.1591 0.3474 1.0000  
L.W 0.1916 -0.0176 0.8680 0.4356 1.0000 
All variables are in log forms 
L. means the variables are lagged 
 
 The table only captures one high correlation (0.8733) among all the variables. That is 

labor productivity and real wage. It is consistent with Meager & Speackesser (2011). However, 

when a partial correlation is between productivity and wage is 0.7673, which is below the 

baseline of high correlation (0.8). Therefore, the model does not have a significant 

multicollinearity problem. 

 

                                                
o This paper only demonstrates the model diagnostic on one regression (Overall Employment among all OECD 
countries). The summary of the rest of the diagnostics is reported at the end of this appendix.  
p See page 13, Park (2011)  
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Autocorrelation and Heteroskedasticity  

 The Wald test for heteroskedasticity (p-value = 0.000) shows that there is no 

heteroskedastic problem. However, the Wooldridge test for autocorrelation (p-value = 0.000) 

shows there is autocorrelation in the panel data. Therefore, robust estimates will be used in this 

paper to solve the autocorrelation problem. 

Model Specification 

 
Link Test 

 

P-value of …  
Pass Hat Hat_sq 

0.000 0.867 
 

 
Ramsey Test 

 

F-statistics Prob > F  
Fail 12.54 0.0000 

 
Linktest indicates that the model is well specified as the test shows a high p-value in the 

“Hat-sq” component. However, it fails pass the Ramsey test, which means that it may have an 

omitted variable bias problem (OVB). Nevertheless, the paper may have to accept this OVB 

problem for the following three reasons. First, the study has added most of the relevant inputs for 

employment based on literature and theory. Second, the regression has very significant 

coefficients for the most of the variables; adding minor control variables may not change the 

signs or even the magnitudes of the coefficients a lot.q 

 
 
 
 
 
 
                                                
q This paper has attempted to add trade variable into the model, but it shows an insignificant coefficient for most of 
the regressions. An explanation is that the effects from trade have already captured by one or more existing 
variables, like capital.	  	  
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Summary 

In summary, the above diagnostics show that: 

1. The model passes the poolable chow tests 

2. There are no high partial correlations between each explanatory variables 

3. An auto-correlation problem exists, but there is no heteroskedasticity issue  

4. The model reflects good functional specification  

5. The model may have an OVB problem, which cannot be remedied 

The same diagnostics were also conducted but unreported for the rest of the datasets. Similar 

results were obtained.  
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