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The study uses a novel approach to test for the persistence of green asset returns, fossil 
fuel returns, and climate policy uncertainty. We find evidence of persistence in the series 
when asymmetries are considered in our test. The fossil fuel returns and climate policy 
uncertainty have no effect on the persistence of sustainable green asset returns. Policies 
around climate policy uncertainty and green asset returns should be long term. 

I. Introduction   

The rapid transition to a net-zero carbon economy is 
currently one of the key priorities of policymakers, financial 
regulators, and investors. In addressing climate-related fi
nancial risks over the years, investors are taking drastic 
steps to avoid economic losses and to safeguard their in
vestments. Significant developments have been observed 
such that climate policies appear to be influencing invest
ment returns in both fossil fuel and green asset invest
ments. At the same time, it is necessary to examine the 
potential of green asset investment to withstand shocks 
originating from climate uncertainty and fossil fuel invest
ment. 

Evidence shows that climate uncertainties may dampen 
the global non-renewable energy capacity given the high 
level of green investment (see Syed et al., 2022; Hung, 
2022). Observable evidence shows that options preferred in 
the financial markets over time have shifted to sustainable 
green investment and massive fossil fuel divestment (Hal
coussis & Lowenberg, 2019). However, the events around 
the Russia-Ukraine war show that uncertainty can dampen 
investments in green energy (Deng et al., 2022). In theory, 
Kilian and Park (2009) discover a positive (negative) rela
tionship between oil demand (supply) shocks and stock re
turns. By investigating persistence in green asset invest
ment, climate policy uncertainty, and fossil fuel returns, we 
shed light on the stability of green asset investment in the 
face of shocks to climate policy and fossil fuel returns. This 
is important as we face a future where fossil fuels are sub
stituted for green energy. 

Studies into the effects of climate policy uncertainty on 
fossil fuel and green asset investment exist (Akpa et al., 

2022; Jin et al., 2020; Lasisi et al., 2022; Nasreen et al., 
2020; Oloko et al., 2022); however, there are few studies 
that investigate the persistence of fossil fuel returns, green 
asset investment returns, and climate policy uncertainty. 

This paper fills a significant gap in the literature by as
sessing the persistence of green asset investment returns, 
fossil fuel investment returns, and climate policy uncer
tainty. The study offers the following distinctive contribu
tions. First, it evaluates the persistence of both fossil fuel 
returns, green asset investment returns, and climate policy 
uncertainty, shedding light on their capacity or otherwise 
to rebound in the face of shocks. Second, the study esti
mates the long-run effect of climate policy uncertainty and 
fossil fuel investment returns on the persistence of green 
asset investment returns, controlling for structural breaks 
and asymmetries. 

The study finds that, without controlling for asymme
tries, persistence is low for fossil fuel and green asset re
turns but high for climate policy uncertainty. After control
ling for asymmetries, persistence rises for both fossil fuel 
and green asset investment returns. Controlling for struc
tural break reduces the persistence of fossil fuel returns but 
increases the persistence of climate policy uncertainty. Fi
nally, fossil fuel investment returns and climate policy un
certainty have no effect on green asset returns. Following 
the introduction, we present the data and model in Section 
II, while the results and conclusion are contained in Sec
tions III and IV, respectively. 
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Figure 1. Trends in Brent returns, WTI returns, green        
returns, and climate policy uncertainties      
This figure shows the movements of Brent returns, WTI returns, green asset returns, and 
climate policy uncertainties from March 2005 to December 2021. 

II. Data and Model     
A. Data   

We use monthly data on Brent crude and West Texas In
termediate (WTI) to represent fossil fuel, green energy in
dex, and climate policy uncertainty spanning March 2005 
to December 2021, amounting to 202 observations. Data 
on green energy is the S&P Global Clean Energy Index 
obtained from https://www.spglobal.com/spdji/en/indices/
esg/sp-global-clean-energy-index/#overview, which is de
signed to measure the performance of companies engaged 
in global clean energy related businesses in advanced and 
emerging economies. Data on Brent crude and WTI are 
obtained from https://fred.stlouisfed.org/series/POIL
BREUSDM and https://fred.stlouisfed.org/series/
POILWTIUSDM, respectively. Data on climate policy un
certainty is obtained from https://www.policyuncer
tainty.com/climate_uncertainty.html. 

In this study, we use the return series of Brent crude, 
WTI, and green energy index, computed using the follow
ing: 

where  is the return series and  is the variable to be 
transformed into a return series. A careful observation of 
Figure 1 shows that Brent crude and WTI returns move in 
the same direction, with significant breaks identified and 
reported in Table 1. 

This figure shows the movements of Brent returns, WTI 
returns, green asset returns, and climate policy uncertain
ties from March 2005 to December 2021. 

B. Methodology   

We lay out the methodology adopted for the study in 
this section; this is the fractional differencing methodol
ogy. Traditional methods restrict integrated series to 0, 1, 

and 2. However, economic series can be fractionally inte
grated (Gil-Alana & Carcel, 2020). In fractionally integrated 
series, the impact of shocks is not assumed to be perma
nent, but transitory. We use the fractional integration ap
proach to understand the time series properties of the se
ries by estimating the following equation: 

where  is the vector of brent crude, WTI and green stock 
returns, and the log of climate policy uncertainty;  is any 
real value;  represents the lag operator such that 

;  is a polynomial function of order ; 
 is the model intercept;  is the trend coefficient; and 

. We can use the binomial expansion to refor
mulate the polynomial function, , in Equation (1) 
and thus: 

and Equation (2) becomes 

In Equation (5),  is the degree of dependence of . The 
higher the value of , the more persistent the series is (Gil-
Alana & Carcel, 2020). The parameter  can fall into any 
of these three cases. We estimate d (and the corresponding 
95% confidence intervals) considering: (i) the case of no de
terministic trend, (ii) the model with an intercept, and (iii) 
the model with a linear time trend. 

To confirm fractional cointegration on the multivariate 
series, we follow the two-step procedure of Gil-Alana et al. 
(2019) for the fractional case. This procedure is superior to 
the method of Johansen & Nielsen (2012), which imposes 
the same degree of integration on the system of equation. 

We regress green asset returns on Brent crude returns 
and climate policy uncertainty. The equation is specified as: 

where  is Brent crude return (BR) and  is climate policy 
uncertainty (CPU);  is the intercept,  is coefficient for 
Brent returns, and  is coefficient for climate policy uncer
tainty. In the second step, we test the residual of Equation 
(6) for fractional integration. If the residual of the equa
tion is fractionally integrated, we can conclude that there is 
fractional cointegration among the series. 

We account for unknown structural breaks in each series 
followingthe three-step method of Salisu and Obiora 
(2021). First, we use the ADF method to determine the 
break dates in each series. Next, we construct a dummy 
variable for each of the break periods and we regress each 
of the variables on the dummy, illustrated in Equation (5) 
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Table 1. Estimates of   d  

Series No terms An intercept A linear trend Break date 

Brent returns -0.42 (-0.89, 0.05) -0.41 (0.04, -0.86) -0.74 (-0.13, -1.35) - 

WTI return -0.54 (1.07, 0.01) -0.60 (0.59, -0.71) -0.82 (-0.21, -1.43) - 

Green returns 0.03 (0.32, -0.26) 0.03 (0.32, -0.26) -0.07 (0.36, -0.50) - 

Climate uncertainty 0.31 (0.47, 0.15) 0.29 (0.49, 0.09) 0.27 (0.50, 0.03) - 

Positive Change 

Brent returns 0.48 (0.56, 0.40) -0.14 (0.21, -0.49) -0.15 (-0.50, 0.20) - 

WTI return 0.47 (0.63, 0.31) -0.13 (0.09, -0.35) -0.15 (0.01, -0.31) - 

Green returns 0.47 (0.59, 0.35) 0.15 (0.42, -0.12) 0.09 (0.38, -0.20) - 

Climate uncertainty -0.32(0.01, -0.65) -0.34 (0.01, -0.69) 0.07 (0.50, -0.36) - 

Negative change 

Brent returns 0.47 (0.53, 0.41) 0.14 (0.53, -0.25) 0.13 (0.52, -0.26) - 

WTI return 0.46 (0.60, 0.32) 0.14 (1.88, -1.60) 0.10 (0.35, -0.15) - 

Green returns 0.48 (0.58, 0.38) 0.22 (0.59, -0.15) 0.18 (0.53, -0.17) - 

Climate uncertainty -0.26 (0.05, -0.57) 0.01 (0.32, -0.30) -0.06 (0.21, -0.33) - 

Break adjusted series 

Brent returns -0.27 (0.10, -0.64) -0.30 (0.60, -1.20) -0.80 (-0.25, -1.35) 2020M03 

WTI return -0.18 (0.15, -0.51) -0.23 (0.14, -0.60) -0.90 (-0.49, -1.31) 2020M04 

Green returns 0.04 (0.31, -0.23) 0.03 (0.32, -0.26) -0.09 (0.36, -0.54) 2008M10 

Climate uncertainty 0.29 (0.45, 0.13) 0.24 (0.48, 0.01) 0.24 (0.48, 0.01) 2016M11 

Notes: This table shows the persistence test results. In bold, selected model based on the 5% level of significance. 

where  is the break-adjusted series; is 1 for each  and 
zero otherwise. Lastly, we determine the break-adjusted se
ries by estimating  We test for persis
tence on the break-adjusted series. 

To account for possible asymmetries in the return series, 
we decomposed Brent returns, WTI returns, green asset re
turns, and climate policy uncertainty into the positive and 
negative partial sums thus; 
and ; where  represents 
the four series to be decomposed. 

III. Results   
A. Is there persistence in Brent returns, WTI         
returns, green asset returns, and climate policy        
uncertainty?  

In Table 1, the results show that there is significant short 
memory in Brent and WTI returns, given that the estimated 
d is statistically smaller than 1. There is no significance in 
fractional integration for the green asset returns. The im
plication is that the series as they are, except for green as
set returns, have low persistence, and thus the shock ef
fect does not last into the future. However, climate policy 
uncertainty shows high persistence but is mean reverting, 
given that the estimated d parameter is significantly greater 
than 0. 

In the analysis of the partial sum of the series, we ob
serve that Brent, WTI, and green asset returns are persis
tent but mean reverting, given that d > 0. The estimated d 
for the positive and negative partial sums of climate pol

icy uncertainty is not statistically significant. Thus, climate 
policy uncertainty is not sensitive to shocks because of its 
positive and negative partial sums. 

Furthermore, when the series are adjusted for structural 
breaks, it is observed that Brent and WTI returns exhibit 
short memory, as their estimated d parameter is signifi
cantly less than 1, while climate policy uncertainty exhibits 
long memory. 

B. Are the series fractionally cointegrated?       

Having established persistence (or fractional integration 
in some form), we test whether there is a long-run rela
tionship between climate policy uncertainty, Brent returns, 
and green returns, using the positive and negative change 
in green asset returns as the dependent variables and green 
asset returns for the break-adjusted cointegration analysis. 
The results (in Table 2) show that there is no long-run frac
tional cointegration among the series. 

Given the global reliance on fossil energy as the primary 
source of energy supply, when crises occur, it is unsurpris
ing that the effect of climate policy uncertainty and Brent 
returns is not fractionally cointegrated with green returns, 
jeopardizing efforts to shift away from fossil to green en
ergy. 

C. Robustness Check    

If we adopt WTI returns, will there still be no long coin
tegration? The results in Table 3 for the WTI returns are 
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Table 2. Estimated coefficients in the cointegration regression       

Dependent variable (green returns) d 

Positive Green returns 1.57 (0.58) -0.10 (0.04)** 0.50 (0.58) 0.19 (0.48, -0.10) 

Negative Green returns -0.20 (2.71) 0.08 (0.04)* -0.81 (0.59) 0.24 (0.55, -0.07) 

Break adjusted Climate policy uncertainty 

Green returns 5.68 (3.73) 0.25 (0.06)*** -1.28 (0.86) 0.09 (0.21, -0.03) 

Notes: This table shows the estimated coefficients in the cointegration regression. The values in parenthesis are standard errors. “*”, “**”, and “***” denote 10%, %% & 1% signifi
cance levels respectively. 

Table 3. Estimated coefficient in the cointegration regression       

wt  cp D 

Positive Green returns 1.63 (2.70) -0.09 (0.04)** 0.48 (0.58) 0.18 (0.47, -0.11) 

Negative Green returns -0.29 (2.71) 0.05 (0.04) -0.79 (0.59) 0.23 (0.54, -0.08) 

Break adjusted Climate policy uncertainty 

Green returns 5.47 (3.76) 0.21 (0.05)*** -1.22 (0.86) 0.09 (0.21, -0.03) 

Notes: This table shows the estimated coefficients in the cointegration regression replacing Brent returns with WTI returns. The values in parenthesis are standard errors. “*”, “**”, 
and “***” denote 10%, %% & 1% significance levels respectively. 

similar to those for Brent crude. There is no long-run frac
tional cointegration among the series. 

IV. Conclusion   

In this study, we used the fractional integration ap
proach to study the persistence of Brent returns, WTI re
turns, green asset returns, and climate policy uncertainty. 
We find evidence of low persistence considering the series 
as are. The series, except for climate policy uncertainty, ex
hibit high persistence but are mean reverting when consid
ering asymmetries. Except for green returns, Brent and WTI 

returns show low persistence after controlling for structural 
breaks, while climate uncertainty shows high persistence 
that is mean reverting. The study further shows that there 
is no long-term relationship among the persistent series. 

This study is relevant to policymakers because it shows 
that policies on climate uncertainty must be such that they 
are more focused on long-term issues, since short-term 
measures may not last for long. 
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