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Abstract 

This paper examines the relationship between the logarithms of CO2 emissions and real 
GDP in China by applying fractional integration and cointegration methods. The 
univariate results indicate that the two series are highly persistent, their orders of 
integration being around 2, whilst the cointegration tests (using both standard and 
fractional techniques) imply 
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1. Introduction 

China has been experiencing very rapid economic growth in recent decades, during 

which it has relied mainly on fossil fuels (coal and oil) that generate greenhouse CO2 

emissions. The relationship between economic growth and the environment is often 

understood in terms of the so-called environmental Kuznets curve (EKC) with its 

typical U-shape (as in the case of the original curve describing the relationship between 

income inequality and GDP per capita – see Kuznets, 1955). The basic idea is that 

emissions in countries in the early stages of development are low and therefore 

environmental qualities indicators are good; the subsequent industrialisation process 

initially damages the environment, but as income per capita increases environmental 

legislation is introduced to reduce emissions and pollution (see Grossman and Krueger, 

1991, and Shafik and Bandyopadhyay, 1992, among others). 

A recent study by Riti et al. (2017) analyses the relationship between emissions, 

economic growth and energy consumption in China using a variety of econometric 

techniques such as ARDL, FMOLS and DOLS that produce similar results providing 

support for an EKC but finding a different turning point compared to other studies. 
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2010; Ozcan, 2013 ; Farhani et al., 2014; and Shahbaz et al., 2014), South Asia (Nasir 

and Rehman, 2011; Ahmed and Long, 2012; Shahbaz and Lean, 2012; and Tiwari et al., 
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Onafowora and Owoye, 2014; etc.).1 Gonvinfsraju and Tang (2013) find a long-term 

relationship between CO2 emissions, economic growth and coal consumption in China; 

their Granger causality tests provide 
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the industrial structure on CO2 emissions is gradually changing from positive to 

negative and that the main driver of the reduction of CO2 emissions in China is carbon 

intensity. Zhang et al. (2015) carry out SDA analysis of the factors that influence 

China's pollutants and conclude that increasing efficiency and intensity of emissions are 

important factors in reducing industrial pollution. 

A third line of research investigates the causal relationship between energy 

consumption and economic growth (see the seminal study by Kraft and Kraft, 1978), 

finding long-run unidirectional causality running from GDP to energy consumption in 

the case of the US over the period 1947-1974. Several studies have been carried out 

providing mixed results (Akarca, 1979; Akarca and Long, 1980; Yu and Jin, 1992; Shiu 

and Lam, 
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growth and energy consumptio
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    (2) 

where L is the lag operator (Lkxt = xt-k), and ut is I(0). One can use a Binomial 

expansion in equation (2) such that then, if d is fractional, xt can be expressed as  

   

In other words, xt is a function of all its past history, and the higher its value is, the 

higher is the level of dependence between observations distant in time. Thus, the 

parameter d measures the degree of persistence of the series. A very interesting case 

occurs when d belongs to the interval [0.5, 1), which implies non-stationary but mean-

reverting behaviour, with shocks having transitory but long-lived effects. 

To estimate d for the individual series we use the Whittle function in the 

frequency domain (Dahlhaus, 1989) following the procedure described in Robinson 

(1994) (see also Gil-Alana and Robinson, 1997). The bivariate analysis is based on the 

concept of fractional cointegration, and uses the two-step approach of Engle and 

Granger (1987) extended to the fractional case as in Cheung and Lai (1993) and Gil-

Alana (2003) as well as the Fractional CVAR (FCVAR) model proposed by Johansen 

and Nielsen (2010, 2012). 

 

4. Data and Empirical Results 

We use quarterly data on real GDP and CO2 emissions in China, from 1978 to 2015, 

obtained from the Eikon database, which merges data from different sources into a 

single platform. Both variables appear to be highly trended (see Figure 1). 

[Insert Figure 1 about here] 
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As a first step we examine the orders of integration of the two individual series, 

i.e. of the logs of CO2 emissions and real GDP respectively. For this purpose, we 

consider the following model: 

  (3) 

and test the null hypothesis: 

    (4) 

in (3) for do-values of -2, -1.99, …. -0.01, 0, 0,01,  … , 1.99 and 2 under two alternative 

assumptions for the I(0) error term ut, namely that it follows a white noise and a weakly 

autocorrelated process as in the exponential spectral model of Bloomfield (1973) 

respectively. The latter fits extremely well in the framework suggested by Robinson 

(1994) and it is stationary for all values unlike the AR case (see, e.g. Gil-Alana, 2004). 

As for the deterministic terms, we consider the three cases of i) no terms, ii) a constant, 

and iii) a constant and a linear time trend, and choose the specification with statistically 

significant coefficients. The results are displayed in Table 1. 

[Insert Table 1 about here] 

 The two individual series appear to be highly persistent. In the case of white 

noise residuals the estimated values of d are 1.87 and 1.92 respectively for the log CO2 

and log GDP series, and a significant positive time trend is found in the latter case. 

When allowing for autocorrelation, the estimated values are 1.91 and 1.82, and the null 

hypothesis of I(2) behaviour cannot be rejected since the 95% confidence intervals 

include the value of 2 for both series. 

[Insert Table 2 about here] 
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Table 2 displays the estimates of d using the “local” Whittle semi-parametric 

approach of Robinson (1995).2 When using this method, the estimates must be in the 

range (-0.5, 0.5), and therefore we carry out the analysis using the second differences. 

The null of I(0) behaviour cannot be rejected in any case regardless of the bandwidth 

parameter. Thus, both the parametric and semi-parametric results indicate that the two 

series are non-stationary with orders of integration around 2. 
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   (6) 

where λj = 2πj/T, j = 1, …, T are the Fourier frequencies, and where for arbitrary 

sequences, wt and vt, we define the cross periodogram and periodogram respectively as 

    and   

with being the discrete Fourier transform of wt:  

iii) finally, we also employ 
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of uncorrelated and autocorrelated errors; finally, when using the NBLS estimator in (7) 

the estimates are very sensitive to the choice of the bandwidth parameter and with m = 

(T)
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Figure 1: Time series plots 

Log of CO2 emissions Log of GDP 
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Table 3: Cointegrating regression using 


