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Abstract

This paper investigates static and dynamic connectedness between the first and second
moments of fossil and renewable energy stock indices in the last decade at the daily frequency.
For this purpose the Diebold and Yilmaz (2014) methodology is applied; in addition, endoge-
nous break tests are carried out and sub-sample estimates are also obtained. The results
suggest that renewable energy stock indices play a significant role in terms of connectdness;
moreover, the two detected breaks indicate that both the unsuccessful COP17 held in Durban
in 2011 and the anticipation of decisive action at the COP26 in Glasgow affected the degree
of connectedness. The finding that spillovers are stronger during periods characterised by



1 Introduction

The use of renewable instead of fossil energy is being increasingly advocated by experts, govern-
ments and public opinion as a necessary choice to





ering an updated sample as well as a wider set of indices and examining the possible impact of
the COP policy decisions on the evolution of the connectedness parameters by testing for breaks
and doing sub-sample estimation as well.

3 The United Nations Framework Convention on Climate Change

In June 1992, years of diplomatic efforts finally led to the establishment of the UN Conference
on the Environment and Development (UNCED), also known as the Earth Summit, and of three
frameworks: the UN Framework Convention on Climate Change (UNFCCC), the UN Convention
on Biological Diversity (UNCBD), and the UN Convention to Combat Desertification (UNCCD).
The governments of the signatory countries became parties to these legally binding conventions
and began to meet regularly to discuss progress at the so-called Conferences of Parties (COPs)
on climate, biodiversity, and desertification.

The UNFCCC, signed by 197 countries as of 2015, has since become the best known of the
three conventions, with the 197 national delegations being divided into five regional groups:
Africa, Asia, Latin America, Western Europe, Eastern Europe and Other States. Starting with



where  is an  × 1 vector of endogenous variables,  indicates the VAR order, and  is a
vector of 



the West Texas Intermediate Crude Oil Index, the Newcastle Coal Index, and the Natural Gas
Index. One of the following four renewable energy indices is then added in turn to the bench-
mark model: the European Renewable Energy Index (ERIX), the S&P500 Global Clean Energy
Index (S&P500), the World Renewable Energy Index (RENIXX), and the Wilder Hill Clean
Energy Index (ECO). The sample period goes from 25/03/2010 to 23/12/2021, for a total of
2943 observations. Table 1 provides precise variable definitions and data sources. Daily re-
turns are then calculated as the log difference of consecutive daily prices indices, whereas their
volatility is modelled as a GARCH (1,1) process. Table 2 reports descriptive statistics for fossil
and renewable energy stock index returns. It can be seen that ERIX and RENIXX exhibit the
highest daily mean (0.03%), followed by ISE Wind, Crude Oil, and Coal (0.02%). The Natural
Gas Index has the highest standard deviation (2.98%), followed by Crude Oil (2.64%) and MAC
(2.23%). Of the renewable energy indices, ECO is the most volatile (2.00%), whereas S&P500
has the lowest mean returns (0.01%) and volatility (1.51%). Excess skewness is exhibited by ISE
Wind and Coal, whilst all series appear to be leptokurtic, especially in the case of ISE Wind,



finally after the second break). These estimates suggest a higher degree of spillovers during the
first and third sub-samples compared to the second one in all cases, for both returns and their
volatilities. Interestingly, the first break follows the 2011 UNCCC (COP17) meeting held in
Durban, South Africa, 28 November - 11 December 2011, which was not very successful, despite
a new legally binding treaty to limit carbon emissions being agreed, since experts soon concluded
that this was not sufficient to avoid global warming beyond 2 .0 degrees and that more decisive
action would be required. The second break follows instead COP25, Madrid, 2-13 December
2019. This was also a disappointing event, since any decisions concerning carbon emission cuts
were postponed to the next climate conference, namely COP26. However, precisely because of
the perceived failure of this meeting, calls for further action soon gathered momentum and, in a
briefing given exactly on 6/3/2020 about the UN Climate Change Conference COP26, expected
to take place in Glasgow in November 2020 (then postponed to 31 October - 13 November 2021
due to COVID-19), UN Secretary-General António Guterres called 2020 “a pivotal year for how
we address climate change”, adding that "success in Glasgow depends on countries, the private
sector and civil society demonstrating that they are taking signifi
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Table 1: Variables Sources and Definitions
Index Definition Source

MAC Global
Energy Index

The MAC Global Solar Energy Index
is a rules-based stock index tracking
the performance of companies in global
solar energy businesses.

The "MAC Global Solar Energy
Stock Index" is the tracking Index



Table 2: Descriptive Statistics
Fossil and Renewable Energy Stock Index Returns

Variables Mean S.D. Min Max Skewness Kurtosis
MAC 0.01 2.23 -14.96 11.95 -0.14 6.53
ISE Wind 0.02 1.40 -23.42 11.95 1.11 97.12
Crude Oil 0.02 2.64 -28.22 31.96 0.17 31.87
Coal 0.02 1.59 -43.25 14.49 -6.49 29.25
Gas 0.01 2.98 -18.05 19.80 0.33 6.95

ERIX 0.03 1.62 -12.97 8.76 -0.41 6.51
S&P500 0.01 1.51 -12.50 11.03 -0.55 10.15
RENIXX 0.03 1.65 -10.79 9.12 -0.26 6.71
ECO 0.01 2.00 -16.24 13.40 -0.48 8.76

Note: The series used are daily and span from 25/03/2010 to 23/12/2021, for a total of 2943 observations.

11



Table 3: Structural Breaks Dates





Table 5: Benchmark model including ERIX (Returns)

Variables Whole sample

MAC ISE.Wind Crude Oil Coal Gas ERIX From

MAC 62.15 15.98 4.36 0.04 0.14 17.32 37.85

ISE.Wind 15.37 54.65 3.02 0.05 0.08 26.83 45.35

Crude Oil 5.95 4.36 85.58 0.51 0.89 2.71 14.42

Coal 0.04 0.14 0.62 98.76 0.35 0.08 1.24

Gas 0.12 0.12 1.00 0.10 98.60 0.07 1.40

ERIX 16.73 26.62 1.89 0.04 0.05 54.67 45.33

Directional to others 38.21 47.22 10.90 0.74 1.51 47.01 145.59

Net Directional Con. 0.36 1.87 -3.53 -0.50 0.11 1.68 24.26

First Sub-sample

MAC ISE.Wind Crude Oil Coal Gas ERIX From

MAC 53.87 14.14 9.31 0.36 0.02 22.30 46.13

ISE.Wind 14.15 56.86 7.58 0.73 0.15 20.55 43.14

Crude Oil 11.61 9.32 67.06 1.22 1.10 9.68 32.94

Coal 0.96 1.72 2.24 94.06 0.45 0.57 5.94

Gas 0.57 1.23 1.62 0.59 95.74 0.24 4.26

ERIX 22.39 19.61 7.48 0.26 0.07 50.19 49.81

Directional to others 49.68 46.03 28.23 3.15 1.79 53.34 182.22

Net Directional Con. 3.55 2.88 -4.71 -2.79 -2.47 3.53 30.37

Second Sub-sample

MAC ISE.Wind Crude Oil Coal Gas ERIX From

MAC 68.08 13.97 5.88 0.02 0.02 12.03 31.92



Table 6: Benchmark model including S&P500 (Returns)

Variables Whole sample

MAC ISE.Wind Crude Oil Coal Gas S&P500 From

MAC 48.63 12.70 3.39 0.03 0.11 35.14 51.37

ISE.Wind 15.63 54.78 3.06 0.05 0.07 26.41 45.22

Crude Oil 5.67 4.24 82.00 0.50 0.84 6.75 18.00

Coal 0.04 0.14 0.63 98.74 0.36 0.09 1.26

Gas 0.11 0.11 0.99 0.10 98.48 0.22 1.52

S&P500 32.26 20.24 3.71 0.04 0.16 43.59 56.41

Directional to others 53.71 37.44 11.79 0.71 1.53 68.60 173.78



Table 7: Benchmark model including RENIXX (Returns)

Variables Whole sample

MAC ISE.Wind Crude Oil Coal Gas RENIXX From

MAC 53.98 13.82 3.80 0.02 0.12 28.25 46.02

ISE.Wind 16.78 59.96 3.30 0.06 0.07 19.83 40.04

Crude Oil 5.91 4.30 84.70 0.51 0.88 3.71 15.30

Coal 0.04 0.15 0.62 98.83 0.35 0.01 1.17

Gas 0.12 0.10 1.00 0.09 98.62 0.07 1.38

RENIXX 29.87 16.78 2.57 0.05 0.08 50.65 49.35

Directional to others 52.72 35.14 11.29 0.74 1.50 51.87 153.26

Net Directional Con. 6.69 -4.90 -4.01 -0.43 0.12 2.52 25.54

First Sub-sample

MAC ISE.Wind Crude Oil Coal Gas RENIXX From

MAC 50.69 12.34 8.80 0.34 0.02 27.81 49.31

ISE.Wind 14.58 61.77 7.65 0.65 0.09 15.27 38.23

Crude Oil 12.00 8.73 68.95 1.28 1.16 7.88 31.05

Coal 0.98 1.49 2.28 94.29 0.47 0.50 5.71

Gas 0.57 1.10 1.66 0.60 95.77 0.31 4.23

RENIXX 31.36 13.75 6.45 0.19 0.04 48.21 51.79

Directional to others 59.47 37.40 26.84 3.06 1.79 51.77 180.33

Net Directional Con. 10.16 -0.84 -4.21 -2.66 -2.44 -0.02 30.05

Second Sub-sample

MAC ISE.Wind Crude Oil Coal Gas RENIXX From

MAC 60.17 11.55 4.05 0.02 0.01 24.19 39.83

ISE.Wind 13.97 60.84 3.97 0.07 0.09 21.06 39.16

Crude Oil 5.50 5.13 85.42 0.02 1.03 2.89 14.58

Coal 0.01 0.15 0.14 99.26 0.37 0.06 0.74

Gas 0.03 0.21 1.22 0.13 98.40 0.00 1.60

RENIXX 26.07 18.54 2.50 0.07 0.02 52.80 47.20

Directional to others 45.58 35.59 11.89 0.31 1.52 48.21 143.10

Net Directional Con. 5.75 -3.57 -2.69 -0.43 -0.08 1.01 23.85

Third Sub-sample

MAC ISE.Wind Crude Oil Coal Gas RENIXX From

MAC 43.97 22.26 1.20 0.02 1.08 31.47 56.03

ISE.Wind 25.10 47.66 1.01 0.03 0.36 25.85 52.34

Crude Oil 3.36 3.42 88.21 1.27 0.93 2.80 11.79





Table 9: Benchmark model (Volatility)



Table 10: Benchmark model including ERIX (Volatility)



Table 11: Benchmark model including S&P500 (Volatility)

Variables Whole sample

MAC ISE.Wind Crude Oil Coal Gas S&P500 From

MAC 56.78 0.85 0.35 0.04 0.04 41.93 43.22

ISE.Wind 1.22 95.52 0.06 0.00 0.00 3.19 4.48

Crude Oil 3.57 0.27 87.20 0.09 0.08 8.79 12.80

Coal 0.05 0.00 0.37 98.84 0.72 0.02 1.16

Gas 0.06 0.06 0.49 0.28 99.07 0.04 0.93

S&P500 36.33 1.50 1.25 0.01 0.03 60.89 39.11

Directional to others 41.21 2.68 2.53 0.42 0.88 53.97 101.69

Net Directional Con. -2.00 -1.80 -10.27 -0.74 -0.05 14.87 16.95

First Sub-sample

MAC ISE.Wind Crude Oil Coal Gas S&P500 From

MAC 46.42 13.65 5.31 0.03 0.14 34.45 53.58

ISE.Wind 14.87 46.92 6.20 0.06 0.22 31.73 53.08

Crude Oil 5.72 14.48 65.45 0.00 0.09 14.26 34.55

Coal 0.05 0.08 0.70 92.77 6.36 0.04 7.23

Gas 0.09 2.08 0.63 0.54 95.59 1.07 4.41

S&P500 26.22 23.74 6.75 0.04 0.23 43.01 56.99

Directional to others 46.95 54.03 19.60 0.68 7.04 81.55 209.85

Net Directional Con. -6.63 0.95 -14.96 -6.55 2.63 24.57 34.98

Second Sub-sample

MAC ISE.Wind Crude Oil Coal Gas S&P500 From

MAC 74.54 0.17 0.15 0.11 0.02 25.01 25.46

ISE.Wind 0.23 98.99 0.00 0.00 0.05 0.73 1.01

Crude Oil 1.93 0.06 93.78 0.03 0.27 4.04 6.22

Coal 0.31 0.00 0.03 98.20 1.44 0.02 1.80

Gas 0.12 0.15 0.26 0.06 99.28 0.13 0.72

S&P500 27.52 0.08 1.07 0.08 0.13 71.12 28.88

Directional to others 30.12 0.46 1.51 0.28 1.80 29.93 64.10

Net Directional Con. 4.65 -0.55 -4.71 -1.52 1.08 1.05 10.68

Third Sub-sample

MAC ISE.Wind Crude Oil Coal Gas S&P500 From

MAC 36.42 23.17 5.44 0.31 0.16 34.50 63.58

ISE.Wind 25.77 32.28 7.16 0.03 0.03 34.74 67.72

Crude Oil 15.21 15.33 50.87 0.15 0.03 18.40 49.13

Coal 0.17 0.17 0.47 98.61 0.53 0.05 1.39

Gas 0.03 0.65 0.11 0.07 99.06 0.08 0.94

S&P500 31.03 24.79 7.16 0.08 0.08 36.86 63.14

Directional to others 72.22 64.10 20.34 0.64 0.82 87.78 245.90

Net Directional Con. 8.64 -3.62 -28.79 -0.74 -0.12 24.64 40.98

Note: The table reports in each case the contributions from i to j . The row "Directional to others"

shows the spillover effects from each variable to all others, while the last column, "From", reports the total

spillover received by each variable from all others. The total connectedness is in bold.
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Figure 1: Benchmark model overall spillover (Return System).
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Figure 2: Benchmark model including ERIX overall spillover (Return System).
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Figure 3: Benchmark model including S&P500 overall spillover (Return System).
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Figure 4: Benchmark model including RENIXX overall spillover (Return System).
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Figure 5: Benchmark model including ECO overall spillover (Return System).
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Figure 6: Benchmark model overall spillover (Volatility System).
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Figure 7: Benchmark model including ERIX overall spillover (Volatility System).
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Figure 8: Benchmark model including S&P500 overall spillover (Volatility System).
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Figure 9: Benchmark model including RENIXX overall spillover (Volatility System).
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Figure 10: Benchmark model including ECO overall spillover (Volatility System).
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