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Abstract 

 
We conduct empirical analyses on the relationship between environmental quality 
and income levels in three income groups, i.e. high, middle and low income 
economies for the periods of 1970 to 2008.  Two approaches i.e. panel and 
non-panel data analyses are applied in examining the existence of two-way 
inter-relationship of environmental quality and income levels.  Apart from this, 
the study also seeks to reveal the determinants that affect the inter-relationship of 
these two variables. The control variables to be tested include trade, foreign direct 
investment (FDI), population density, inflation, agricultural land and labour 
participation rate.  Our results (both panel and non-panel) reveal no or low 
interaction between environmental quality (proxy by CO2 emissions) and income 
(proxy by GDP).  The control variables have different impacts on growth and 
environmental degradation across economies. Trade and inflation have small or 
non significance impact on the two variables across economies. FDI can have 
negative effect on environmental quality in middle and low income economies. 
Population density and labour participation rate can have negative effect on 
emissions of carbon dioxide in low and middle income economies respectively. 
 
 

Keywords: Economic Growth; Environmental Quality; CO2 Emissions; Panel 
data analysis
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1 Introduction 
 

Global warming has become one of the hottest topics of concerned among the 
world leaders for the past few decades.  The consequences of global warming 
such as the rise of sea levels, the decrease in glacial mass, more frequent extreme 
weather are threatening the well-being of humankind.  Climate scientists are 
almost certain that the global warming is caused by the rise in concentration of 
greenhouse gases such as carbon dioxide (CO2), methane (CH4), nitrous oxide 
(N2O), etc.  Nevertheless, carbon dioxide has been claimed to be the gas 
responsible for the global warming as its concentration is the highest as compared 
to the other greenhouse gases.   The increase in carbon dioxide emissions 
generated by human activities due to industrialisation such as deforestation and 
combustion of fossil fuels has further deteriorated the effects of global warming.     
It is argued that industrialisation has led to lower environmental quality and 
pollution problems. Many studies have been conducted to reveal if higher 
economic growth leads to lower environmental quality both theoretically and 
empirically. Theoretically, the Environmental Kuznets Curve (EKC) says that the 
impact of growth on environmental quality can be represented in an inverted U 
curve, i.e. higher growth leads to better environmental condition until it reaches 
the turning point. After the turning point, higher growth may cause to lower 
environmental quality. The theory of EKC only focuses on a one-way relationship, 
i.e. the impact of growth on environmental quality. Deviate from previous studies 
that focus on a one-way relationship analysis, we study the two-way relationship 
between the growth and environmental quality. Our main objectives of this study 
are: (1) to examine the existence of two-way inter-relationship between economic 
growth and environmental quality and (2) to reveal the determinants that affect the 
inter-relationship between economic growth and environmental quality. Our 
results reveal no significance interactions between growth and environmental 
quality in these three groups of economies using panel and non-panel approaches. 
We also fail to detect any significance impact of control variables on determining 
the relationship. Both income growth and environmental quality variables are 
dependent on their own previous movements regardless the income levels.  
The remainder of the paper is divided into 5 main sections.  Section 2 is about 
the literature review.  Section 3 explains the data and methodology employed.  
Section 4 and 5 summarize the results of panel and non-panel approaches 
respectively. Section 6 concludes the findings. ext of section 1. 
 
 

2 Literature Review 
 

The relationship between environmental degradation and economic growth 
can be explained by the Environmental Kuznets Curve (EKC) in an inverted-U 
shaped curve (see Figure 1).  The EKC shows that higher economic growth at  
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initial stage leads to higher environmental quality. The environmental quality will 
improve until it reaches a certain level of economic growth (turning point). At this 
turning point, it begins to decline as the economic growth continues to increase.  

 

 
Figure 1:  The Environmental Kuznets Curve: The Relationship between Environmental Quality and Economic Growth 

 
The EKC is originally used to hypothesize the relationship between income 
inequality and economic growth.  EKC became popular after Grossman and 
Krueger (1991) has applied the hypothesis of EKC in the study of a North 
American Free Trade Agreement (NAFTA).  Since then, the hypothesis of EKC 
is used in solving environmental degradation issues besides attaining economic 
growth. 

Many empirical studies have been conducted to detect the EKC regarding the 
environmental issues. Most studies use annual cross-section panel data, either 
using a single year (Gangadharan & Valenzuela, 2001), a number of years 
(Holtz-Eakin & Selden, 1995; Halkos & Tzeremes, 2011) or in an interval of 
x-years (Hill & Magnani, 2002).  The longest period noted by author is 173 years 
(Fosten et al., 2012).   

Previous studies use different data to proxy for environmental quality. The 
commonly used data/ variables include carbon dioxide (CO2) emissions 
(Holtz-Eakin & Selden, 1995; He & Richard, 2010) and sulphur dioxide (SO2) 
emissions (Stern, 2004; Fosten et al., 2012), nitrogen oxides (NOx) emissions, 
suspended particulate matter (SPM), deforestation, dissolved oxygen in river and 
municipal waste (Shafik, 1994; Gangadharan & Valenzuela, 2001; Hill & 
Magnani, 2002).  Gross domestic product (GDP) is usually used to proxy for 
economic growth (Soytas & Sari, 2007; He and Richard, 2010).  
Some studies seek to reveal the determinants that impact the relationship between 
environmental degradation and economic growth. The determinants to be tested 
include trade, energy consumption, deforestation, population density, etc.  This 
modeling helps to validate the significance of all the exogenous variables in a 
single multivariate model (Soytas & Sari, 2007; Lantz & Feng, 2006).  The 
results provide information for policy makers to implement effective policies in 
preserving environment for future generations. 
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Some studies focus their analyses in a single-country (Fosten et al., 2012; Cialani, 
2007; Halkos & Tzeremes, 2011; Jalil & Mahmud, 2009; Soytas & Sari, 2007). A 
number of studies focus the analyses in a group of countries from similar 
economic background (Unruh & Moomaw, 1998; Martinez-Zarzoso & 
Bengochea-Morancho, 2004) or of different economic background (Holtz-Eakin 
& Selden, 1995; Gangadharan & Valenzuela, 2001).  

Previous studies report different results in detecting the evidences of EKC. In 
the analysis on the relationship between CO2 emissions and income per capita, 
some studies find evidences to support the existence of EKC (Holtz-Eakin & 
Selden, 1995; Jalil & Mahmud, 2009; Halkos & Tzeremes, 2011; Fosten et al., 
2012).  Holtz-Eakin and Selden (1995) report the EKC turning points to be as 
high as $35,428 while Halkos and Tzeremes (2011) show the value to be as low as 
$9930. In contrast, other studies fail to reveal the turning point with 
monotonically increasing or decreasing relationship between CO2 emissions and 
income per capita (Unruh & Moomaw, 1998; Hill & Magnani, 2002; Cialani, 
2007; He & Richard, 2010).  A small number of studies find a N-shaped 
relationship between CO2 emissions and income per capita (Martinez-Zarzoso & 
Bengochea-Morancho, 2004). The empirical findings are sensitive to the choice of 
pollutant, sample of countries and time period (Hill & Magnani, 2002). 
  

 

3 Data and Methodology 

 
3.1 The Data 

 

We focus the study in three groups of economies i.e. high, middle and low 
income economies. The classification of the income groups follows the World 
Bank (2011) classification that based on the 2010 gross national income (GNI) per 
capita as shown below: 

 
Table 1.  GNI per capita by Income Group 

Income group GNI per capita Number of Countries 

High USD12,276 or more 70 

Middle USD1,006 - USD12,275 110 

Low USD1,005 or less 35 

Total 215 

Data source: World Bank 
 

 
The data spanned from 1970 to 2008. Carbon dioxide (CO2) emissions per 

capita are used to proxy for environmental degradation indicator while gross 
domestic product (GDP) is the proxy for economic growth. All the data are 
obtained from the World Development Indicators (2012), compiled by the World 
Bank. The control variables to be tested include trade (TRADE), foreign direct 
investment (FDI), population density (POP), inflation (INFLATION), agricultural 
land (AGLAND) and labour participation rate (LABOUR) (see Table 2).   
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Table 2.  Variables Description 

Variable Description 

CO2 CO2 emissions (metric tons per capita) 

GDP GDP per capita (constant 2000 USD) 

TRADE Trade (% of GDP) 

FDI Foreign direct investment, net inflows (% of GDP) 

POP Population density (people per sq. km of land area) 

INFLATION Inflation, GDP deflator (annual %) 

AGLAND Agricultural land (% of land area) 

LABOUR Labour participation rate, total (% of total population ages 15+) 

Note: Variables for high, middle and low income economies will be labelled as H, M or L behind the variable names.  
For instance, GDP for high, middle and low income economies will be labelled as GDPH, GDPM and GDPL respectively. 

 

 
3.2 Methodology 

 
Two approaches are applied in this study, namely the panel Vector Autoregressive 
(VAR)/Vector Error Correction Model (VECM) and non-panel VAR/VECM. 
Cointegration tests are performed to decide between VAR and VECM models.  
 
3.2.1 Cointegration tests 

 
Two variables are cointegrated if they have a common stochastic trend (Engle & 
Granger, 1987). Johansen (1988) proposes two different likelihood ratio tests to 
identify the existence of cointegration vectors (or cointegration ranks) in times 
series.  They are the trace test and maximum eigenvalue test.  The respective 
statistics are shown below: 

i) trace statistic: 

( ) ( )
1

ˆlog 1
k

trace i

i r

LR Tλ λ
= +

= − −∑
 

 
 

ii) maximum eigenvalue statistic: 
 

( ) ( )max 1
ˆlog 1 rLR Tλ λ += − −

 
     
                       

where T is the number of observations, while λ�� are the estimated eigenvalues of 
Π.  The hypotheses involved in the trace test are: 
 

H0: rank (Π) is at most r cointegration vectors  versus   
H1: Π has full rank, rank (Π) = k cointegration vectors 

 
while the maximum eigenvalue test examines: 
 

H0:  rank (Π) = r cointegration vectors  versus 
H1:  rank (Π) = (r +1) cointegration vectors 
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Alternatively, to identify the number of cointegration vectors, the following 
sequence of hypotheses will be considered: 
 

H0(0) :  rank (Π) = 0  versus   H1(0) :  rank (Π) > 0,  
 H0(1) :  rank (Π) = 1  versus   H1(1) :  rank (Π) > 1, 
   :         :    : 
 H0(k-1) :  rank (Π) = k-1 versus   H1(k-1) :  rank (Π) = k. 
 
The decision on the number of cointegration vectors can be determined as follows 
(Lütkepohl & Krätzig, 2004): 
 

1. When the null hypothesis cannot be rejected for the first time, the 
respective cointegrating rank is selected.  For instance, if the first null 
hypothesis cannot be rejected is H0(1), then cointegration is detected, 
whereby the cointegration vectors is 1.  VECM process will be 
considered for the subsequent analyses. 

 
2. If H0(0), cannot be rejected, then there is no cointegration vector and a 

VAR process in first differences is considered for the subsequent analyses. 
 

3. If all the null hypotheses i.e. from H0(0) until H0(k−1) can be rejected, then 
there is no cointegration vector and a levels VAR process is considered. 

For panel cointegration test, the author uses Johansen Fisher panel 
cointegration test.  The test was developed by Maddala and Wu (1999) whom 
have considered Johansen cointegration test and Fisher’s (1932) method of 
combining individual cross-sections cointegration test results to obtain the 
cointegration test outcome for the panel data.   
 

The test statistic is as follows:  

( )
1

2 log

k

i

i

JF π
=

= − ∑
   

 
where p-value ���� cointegration test for each of the k individual cross-section 

are added and  
2
2kJF χ� . If cointegration exists, VECM will be applied to 

establish short-run and long run relationships between variables, else VAR will be 
employed for the subsequent analyses.   
 
3.2.2 The Model – Non-panel VAR/VECM 

 
A non panel pth order of vector autoregression model, VAR(p) can be written as: 
 

   1 1 ...
t t p t p t t

y A y A y Bx ε− −= + + + +
                    (1) 

  

where ( ),..., '
t it kt

y y y=
 denotes the vector of k  observable endogenous variables, 
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 iA  ’s are ( )k k×
 coefficient matrices. In this study, the endogenous variables 

are ( )2, '
t

y CO GDP=
. ( ),..., '

t it mt
x x x=

 is a vector of m  observable exogenous 
variables, consists of  trade (TRADE), foreign direct investment (FDI), 
population density (POP), inflation (INFLATION), agricultural land (AGLAND) 
and labour participation rate (LABOUR). B  is a vector  consists of m  

exogenous coefficients and ( ),..., '
t it kt

ε ε ε=
, is a vector consists of white noise 

process (Lütkepohl & Krätzig, 2004).  The VECM(p-1) can be written as: 
 

  1 1 1 1 1 1...
t t t p t p t t

y y y y Bx ε− − − − +∆ = Π + Γ ∆ + + Γ + +
           (2) 

 

such that ∆ is the differencing operator and 1t t ty y y −∆ = −   

 

                      1 (  ... )
k p

I A AΠ = − − − −
                    (3)

  
and 

i 1 ( ... )
i p

Г A A+= − + +                     (4) 

 
for i = 1, . . . , p − 1.      

where s ( 1,  . . . , 1)iГ i p= −  are often interpreted as the short run or short term 

parameters, while 1 1ty −Π  indicates the long run part or the error-correction term 
of the model. This long run part captures the long run relationship information 

between ty  variables (Lütkepohl & Krätzig, 2004). 
 
β is a cointegrating matrix where columns of β are cointegrating vectors and α is 
the loading matrix which contains the weights of the cointegrating relations in the 
individual equations of the model.  α and β each has rank r, i.e. there are r 
linearly independent cointegrating relations among the components of yt and thus 
both matrices of α and β are not unique (Lütkepohl & Krätzig, 2004).   
 
3.2.3 The Model – Panel VAR/VECM 

 

A panel VAR(p) model has the following representative form: 

, 1 , 1 , , ,...i t i t p i t p i t i ty A y A y Bx ε− −= + + + +
           (5) 

 
A panel VECM(p-1) model can be written as: 
 

       , , 1 1 , 1 1 , 1 , ,...i t i t i t p i t p i t i ty y y y Bx ε− − − − +∆ = Π + Γ ∆ + + Γ ∆ + +
          (6) 

 
where i = high, middle and low income economies and t = period. 
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      In order to decide between VAR(p) and VECM(p-1), Johansen 
cointegration test (for non-panel data) or Johansen Fisher panel cointegration test 
(for panel data) are applied in detecting the existence of cointegrating relationship 
in a system equation. In case it is detected, we opt for VECM(p1) model. 
Otherwise, VAR(p) is applied. The estimated model is tested with diagnostic tests 
to ensure the goodness of fit of the model. These tests include Lagrange Multiplier 
(LM) test for autocorrelation, white test for heteroscedasticity and CUSUM 
stability test for testing of parameters stability.    In addition, Granger causality 
test is applied to examine the causality direction between the growth and 
environmental degradation. 

 

 

4 Results 

 
4.1  Empirical Results on Panel Data Analyses 

   In order Table 3 presents the results of the trace and maximum eigenvalue 
tests employed in Johansen Fisher panel cointegration test.  Both trace and 
maximum eigenvalue statistics reject all the null hypotheses at 10% significant 
level. The results suggest that there is no cointegration between LOGCO2 and 
LOGGDP.  Therefore, a levels VAR process is considered for subsequent 
analyses. After checking for lag length criterion (Schwartz Information Criterion 
(SC), Hannan-Quinn Information Criterion (HQ) and Akaike Information 
Criterion (AIC)) and tested with diagnostic tests (Lagrange Multiplier (LM) test 
for autocorrelation, white test for heteroscedasticity and CUSUM stability test), 
the final model to be selected is panel VAR(2).   
 

Table 3   Johansen Fisher Panel Cointegration Test – Panel Data 

No. of CE(s) 
Trace Test Maximum Eigenvalue Test 

Statistic Probability Statistic Probability 

None  12.87  0.0452  10.75  0.0966 

At most 1  10.77  0.0956  10.77  0.0956 

 
 
      Table 4 summarizes the estimates of panel VAR(2). Our results reveal no 
interaction between economic growth and environmental degradation or carbon 
dioxide emissions. Both variables are dependent on their own previous 
movements. The results also indicate no significance impact of the control 
variables on the emissions of carbon dioxide. However, trade and labour 
participation rate have impacts on the movements of economic growth. Higher 
trade leads to higher growth but higher participation rate of labour may impose 
negative impact on growth. The panel data analysis provides general result 
combining three income groups. In order to have clearer information on different 
economies, we proceed with non panel analysis.  
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Table 4.  Estimates of the Panel VAR(2) 

Variable LOGCO2i,t LOGGDPi,t 

LOGCO2i,t-1 1.086*** 0.007 

LOGCO2i,t-2 -0.155 -0.014 

LOGGDPi,t-1 -0.352 1.387*** 

LOGGDPi,t-2 0.345 -0.395*** 

Constant 1.479 0.291 

TRADEi,t 0.001 0.001* 

FDIi,t -0.015 -0.001 

LOGPOPi,t -0.008 -0.015 

INFLATIONi,t -0.002 -0.001 

AGLANDi,t -0.002 0.001 

LABOURi,t -0.019 -0.003** 

 R-squared 0.9965 0.99996 

Note : * 10% significant level, ** 5% significant level and *** 1% significant level 

 
 
 Table 5 summarizes the results of forecast error variance decomposition 
(period 1 to period 5) from panel VAR estimates. The results are consistent with 
the results of VAR(2) estimates, i.e. both LOGGDP and LOGCO2 do not have 
significance impact on each other. They are most impacted by their previous 
movements. As observed, LOGCO2 can be predicted by LOGGDP less than 1% 
but it can be predicted by its own shocks of 99%. The same condition goes to 
LOGGDP. 
 
 

Table 5 Forecast Error Variance Decomposition – Panel Data 

Impacted by  Period 
Variable 

LOGCO2 LOGGDP 

LOGCO2  1  100.0000  0.0000 

   2  99.8931  0.1068 

   3  99.7667  0.2333 

   4  99.6662  0.3338 

   5  99.5933  0.4067 

LOGGDP  1  0.5621  99.4379 

   2  0.9790  99.0210 

   3  0.8734  99.1266 

   4  0.6437  99.3563 

   5  0.4941  99.5059 

 
 

 
4.2  Empirical Results of Non-Panel Data Analyses 
 
Table 6 presents the results of the trace and maximum eigenvalue tests employed 
in Johansen cointegration test. 
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Table 6   Johansen Cointegration Test – non panel data 

Income 
Group 

No. of CE(s) 
Trace Test Maximum Eigenvalue Test 

Statistic Probability Statistic Probability 

H 
None  14.9365  0.0605  12.3244  0.0990 

At most 1  2.6121  0.106  2.6121  0.1060 

M 
None  15.2803  0.0538  10.8421  0.1623 

At most 1  4.4382  0.0351  4.4382  0.0351 

L 
None  7.1617  0.5589  7.0999  0.4774 

At most 1  0.0618  0.8037  0.0618  0.8037 

Note : 
H - High Income Economy   

M - Middle Income Economy 

 
L - Low Income Economy 

 
In all the three income economies, both trace and maximum eigenvalue statistics 
do not reject the first null hypotheses, H0(0) at 5% significant level. Again, 
Johansen cointegration test detect no cointegration between CO2 emissions and 
GDP in all cases.  Since we fail to reject the first null hypothesis at 5% level, a 
VAR process in first differences (DVAR) is considered for the subsequent 
analyses. After considering the lag length criterion and tested for diagnostic tests, 
we opt for non panel DVAR(1). The estimates for non-panel data of high income 
economy are shown in Table 7: 
  

 
Table 7.  Estimates of non panel DVAR(1) 

Variable 
High Income  Middle Income  Low Income  

∆LOGCO2t ∆LOGGDPt ∆LOGCO2t ∆LOGGDPt ∆LOGCO2t ∆LOGGDPt 

∆LOGCO2t-1  0.379  0.479*** 0.057 0.263** -0.161 0.010 

∆LOGGDPt-1 -0.148 -0.369 0.047 0.178 -0.214 0.265 

Constant  1.097 1.794*** 2.449** 1.121 -19.125 0.464 

TRADEt -0.002  0.001 0.000 -0.001 0.009 0.003** 

FDIt  0.004 0.007***  -0.049*** 0.000 -0.222** -0.008 

LOGPOPt -0.024 -0.343* 0.091 0.048 -1.565** 0.038 

INFLATIONt -0.006** -0.005***  -0.001 0.002 -0.013 -0.002* 

AGLANDt -0.01 -0.004 0.002 -0.002 0.359* -0.009 

LABOURt -0.009 -0.008 -0.042** -0.018 0.160 -0.005 

R-squared 0.598 0.610 0.696 0.775 0.356 0.768 
Note : * 10% significant level, ** 5% significant level and *** 1% significant level 

 

Applying non panel VAR analysis, we obtain results quite different than the 
results obtained under panel VAR. Panel VAR only provides general results from 
the combination of three economies. However, under non panel VAR, we obtain 
results for three economies separately. Comparing the results across economies, 
we observe both economic growth and emissions of carbon dioxide do not have 
interaction in the low income economies. In high and middle income economies, 
emissions of carbon dioxide are not impacted by economic growth but economic 
growth is impacted by emissions of carbon dioxide.  

The relationship between these two variables is impacted by some factors. 
The results indicate that the control variables have different impacts on economic 
growth and emissions of carbon dioxide across economies. Trade and inflation  
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have very small or non significance impact on the relationship between growth 
and environmental quality. On the other hand, FDI has effect on the movements 
of growth and/ or environmental quality (emissions of carbon dioxide) in these 
three groups of economies. Population density and agricultural land have negative 
and positive significance impacts on the emissions of carbon dioxide respectively 
in low income economies. Labour participation rate has negative effect on the 
emissions of carbon dioxide in middle income economies but not in other cases. 

Overall, we observe that the control variables have small or non significance 
effect on growth in the middle and low income economies but some of the factors 
can have significance impact on the growth in high income economies. On the 
other hand, the control variables have small/ limited impact on the emissions of 
carbon dioxide in high income economies. FDI can have negative effect on 
environmental quality in middle and low income economies. Population density 
and labour participation rate can have negative effect on emissions of carbon 
dioxide in low and middle income economies respectively. 

Table 8 summarizes results of forecast error variance decomposition under 
non panel data. The results are consistent with the results obtained under panel 
data analysis, i.e. very low interaction between growth and emissions of carbon 
dioxide. Both variables can be predicted mainly by their own previous movements. 
The results hold in all groups of economies.  

 
 

 
Table 8 Forecast Error Variance Decomposition – non panel DVAR(1) 

Impacted by  Period 
High income Middle income Low income 

LOGCO2 LOGGDP LOGCO2 LOGGDP LOGCO2 LOGGDP 

LOGCO2  1  100.0000  0.0000  100.0000  0.0000  100.0000  0.0000 

   2  99.4195  0.5805 99.9260 0.07399 99.9708 0.02919 

   3  99.4221  0.5779 99.9219 0.07805 99.9705 0.02949 

   4  99.4197  0.5803 99.9217 0.0783 99.9704 0.02956 

   5  99.4197  0.5803 99.9217 0.07830 99.9704 0.02957 

LOGGDP  1  21.7332  78.2668 18.3980 81.6020 0.4505 99.5495 

   2  39.7361  60.2639 33.179 66.821 2.1523 97.8477 

   3  39.7066  60.2934 33.8261 66.1739 2.1691 97.8309 

   4  39.7661  60.2339 33.8642 66.1358 2.1733 97.8267 

   5  39.7661  60.2339 33.8665 66.1335 2.1734 97.8266 

 

 

6 Conclusions 
 
   In this study, we seek to investigate the relationship between environmental 
degradation (represented by CO2 emissions) and income/ economic growth 
(represented by GDP) in three groups of economies, i.e. high, middle and low 
income economies. We employ the data collected from the World Bank spanning  
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from 1970 to 2008.  For the purpose of analysis, we employ the panel and 
non-panel data analyses in estimating the VAR model. Besides, we also seek to 
reveal the determinants that affect the relationship between these two variables. 
The factors to be tested include trade, foreign direct investment (FDI), population 
density, inflation, agricultural land and labour participation rate. 
     The empirical results reveal no cointegration between CO2 emissions and 
GDP using both panel and non-panel data approaches.  Our results reveal small/ 
limited interaction between economic growth and environmental degradation. The 
control variables have different impacts on growth and environmental degradation 
across economies. Trade and inflation have small or non significance impact on 
the two variables across economies. Overall, we observe that the control variables 
have small or non significance effect on growth in the middle and low income 
economies but some of the factors can have significance impact on the growth in 
high income economies. On the other hand, the control the emissions of carbon 
dioxide in high income economies do not impacted by the control variables. 
Conversely, the emissions of carbon dioxide in the middle and low income 
economies are more impacted by the control variables (e.g. population density, 
FDI, labour participation rate etc.). 
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