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Abstract

The market for renewable electricity certificates (REC) is the primary support system for
renewable energy in Sweden and Norway. Regulatory uncertainty and equity markets have
previously been proven to impact the volatility of the REC spot contract. As policy makers,
renewable electricity investors and other stakeholders aim for profitability and efficient
regulation, additional insights of the dynamics in the REC market is needed. This study
examines regulatory uncertainty on both REC spot contract and forward contracts by estimating
breakpoints on GARCH variance using the Bai- Perron (1998) procedure. Spillover effects from
Brent Crude Oil, OSEBX and OMXS30 to the REC contracts are estimated using the Cross-
Correlation Function. Significant break points linked to regulatory events in the market are
found in all of the REC contracts. The REC spot contract is found to be independent of Brent
Crude Oil but affected by the OSEBX and OMXS30. Significant spillovers from Brent Crude
Oil and equity markets are found in all of the forward contracts.

Keywords: Renewable Electricity Certificates, REC, GARCH, CCF, Spillover Effects,
Structural Breaks, Equity Markets, Brent Crude Oil
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1 Introduction

In 2003 the Swedish government implemented the renewable electricity certificate system, the
REC system, designed to replace subsidies for green energy. The REC system serves as a
financial tool with the objective to support the electricity production from renewable energy
sources. Since January 1% of 2012, Sweden and Norway have a joint REC market which is an
initiative under the EU Renewable Energy Directive (Energimyndigheten & Norges vassdrags-
og energidirektorat [NVE], 2014). Energy producers receive one electricity certificate for each
unit of renewable electricity produced measured in megawatt hour (MWh). In turn, producers
are able to sell their certificates in a market where the price is determined by supply and
demand. In other words, electricity producers earn extra income in addition to the power price.
Due to quota obligation, energy suppliers and certain energy consumers are obligated to buy
certificates in proportion to their electricity sales or consumption, hence demand for certificates
arises. The certificates are traded in two variations; spot contracts and forward contracts of
different maturities with delivery in March each year. As the certificate price is a part of the
final electricity bill, electricity end users finance the development of renewable electricity
production (Energimyndigheten & NVE, 2014).

Both demand and supply for tradable green certificates, such as the RECs, are relatively
inelastic due to obligation of a minimum consumption quota and the low marginal cost of
renewable energy. Combined with the fact that the collaborating REC market is rather
immature, this results in high price volatility (Energimyndigheten & NVE, 2014). High
volatility causes insecurity in predicting cash flows from investment, affecting investor
behavior (Ek, Séderholm & Admundsen, 2004). A study by Jensen and Skytte (2002) shows
that insecurity of market persistence has a negative effect on long-term investments as investors
prefer low cost, fast payback projects. Regulatory events like the creation of a joint REC market

and other changes in the regulatory framework linked to RECs create uncertainty.



On the topic of price volatility and investment uncertainty in the Swedish- Norwegian REC
market, it is also motivated to consider effects of macroeconomic variables. Various empirical
researches have studied the interactions between oil and stock markets. Examination of the
return and volatility transmission mechanisms between different financial assets enables
investors and policymakers to design better asset pricing models and improve decision making
(Lee, Liao, Huang & Huang, 2015). Previous findings show significant oil price volatility
spillover to stock returns in European equity markets (Arouri, Jouini, & Nguyen, 2012). More
closely related to the topic of renewable energy, Sadorsky (2012) finds that clean energy stocks
react more to events in technology companies than to changes in oil prices. In line with
indications of oil price significance on financial assets, the Swedish- Norwegian REC market’s
oil price dependency is thus relevant to examine considering both profitability from an investor
perspective, as well as for the political economic significance regarding sustainable
environmental policymaking. Furthermore, information of REC contract volatility with respect
to stock market index fluctuations contributes with information that can improve predicting

power of risk modelling in the REC market.

Being leading countries in innovation and development of renewable energy technologies and
environmental friendly policy making, the Swedish- Norwegian REC market is crucial to
examine to further support arguments promoting cross-country collaboration in combating
environmental impact. In previous literature, Dinica (2006) argues that the most common
approach when examining support systems for renewable energy technologies is policy-
making oriented. She underlines the importance to investigate factors driving price volatility,
with regards to existing agents and potential investors in the market. To our knowledge, the
empirical work by Fagiani and Hakvoort (2014) is up to this date the only econometric study
addressing price and regulations in this specific market. The study by aforementioned authors
examines the impact of policy related events on the REC spot contract price volatility and finds
that regulations have significant impact. A combination of such an approach with additional
examination of REC forward contracts and its interactions with stock markets and oil prices
implies a more extended investigation of price and volatility in the Swedish- Norwegian REC

market.



1.1 Purpose and Research Questions

The purpose of this study is to investigate the price and volatility dynamics in the Swedish-
Norwegian renewable electricity certificate market. Using a time series approach, the study
examines how different policy events, stock markets and oil price fluctuations, have significant
impact on renewable electricity certificate spot- and forward contracts. The study with the

chosen method proceeds with the objective to answer following research questions:

1. How do regulations in the renewable electricity certificate market affect volatility of the

certificate spot and forward contracts?

2. Towhat extent is the volatility and price of the renewable electricity certificate spot and

forward contracts affected by spillovers from oil and stock markets?

3. How do the implications of the effects differ from the perspective of policy makers and

investors in the renewable electricity certificate market?

1.2 Contribution

Increased knowledge of the market’s volatility dynamics and its impact on economic agents,
both on a policy-maker level as well as for investors and REC market participants. This study
follows up on the work by Fagiani and Hakvoort (2014). Combining its economic political
essence with investor related implications in the REC market. Approaching the volatility
dynamics from two perspectives this study contributes with a better overall understanding of
the Swedish- Norwegian REC contracts and adds information to decrease investment
uncertainty for investors and enables policy makers to generate more efficient market

regulations in the REC market.



1.3 Limitations

This study uses data for the Swedish-Norwegian electricity certificate market, and will solely
focus on the price and volatility dynamics of this specific market during 2003-2016. The time
span is determined by the availability of data for REC spot and forward contracts, being the
assets in focus. This study will not compare the Swedish REC market to other support

instruments.

1.4 Disposition

The paper is organized as follows; a presentation of the REC market and a quick review of
events linked to the market are presented in section 2. Section 3 contains a literature review of
earlier studies on the Swedish-Norwegian REC market, spillover effects and the theoretical
framework used in this paper. Section 4 describes and motivates our chosen methods and
section 5 gives a description of the data. In section 6 the empirical findings are presented and
analyzed with respect to the market events in section 2 and the theoretical arguments in section
3. The findings are further discussed in section 7 and section 8 concludes.



2 The Renewable Electricity Certificate Market

2.1 Overview of the REC Market

The renewable electricity certificate system is the primary policy instrument in Sweden and
Norway to increase investments in renewable electricity. The system was introduced in Sweden
2003 and has since then delivered positive results in terms of effectiveness. Certificates issued
in 2011 nearly doubled compared to 2004, hence it has met its primary objective of driving
renewables deployment. Since the implementation of the REC system some enhancement has
improved its design. Firstly, the system was extended until the end of 2035, this was essential
to maintain potential investors and guarantee them a certificate system for a sufficient time
horizon. Furthermore, the scheme was extended to include Norway, that joined the REC market
in January 2012. The objective of the joint Swedish- Norwegian market is to increase cost-
effectiveness by creating a larger and more liquid market for certificates (Organisation for
Economic Co-operation and Development [OECD], 2014).

Since the mid-2000s, the Swedish government's research and development budget for
environment and energy has increased in support of Sweden’s environmental objectives.
Sweden has a long history in environmental policy and was among the first countries to
introduce a number of environmentally related taxes in the early 1990s, among other taxes on
emission of carbon dioxide, CO2. With 51% of renewable energy, in gross final energy
consumption in 2012, Sweden has already exceeded its renewables policy objectives for 2020.
The implementation of the renewable electricity certificate system has been estimated to be one
of the main factors contributing to this goal fulfillment. Compared to other OECD member
countries, the Swedish REC system has driven the deployment of renewables in power

generation more cost- effectively. (OECD, 2014)

Norway is the largest holder of natural gas and crude oil reserves in Europe and provides much
of the petroleum liquids and natural gas consumed on the continent. In 2013, Norway was the
third largest exporter of natural gas in the world after Russia and Qatar. Moreover, hydropower
is the principal source of Norway’s electricity supply and accounts for 96% of total net
generation, the remaining is generated from fossil fuels and renewables including wind and

biomass (U.S. Energy Information Administration [EIA], 2016). The joint green certificate



scheme with Sweden is expected to further increase wind and hydropower capacity in Norway
(Nordic Energy Research, 2015).

Like any other financial asset, the market for REC consists of supply and demand determining
the certificate price. The supply side of the REC market consists of electricity producers who
receive one certificate per MWh renewable electricity produced. Thus, electricity producers
determine the supply of REC directly through the amount of renewable electricity produced.
The Swedish Energy Agency and the Norwegian Water Resources and Energy Directorate
decide which projects that are entitled to receive certificates. New projects, plants or increased
capacity, are entitled to receive the certificates for 15 years, but no longer than 2035 when the
system expires. The electricity certificates can thereafter be sold to other market participants
and generate extra revenue to the producers. The demand side of the REC market consists of
various market participants with quota obligations. These participants are primarily power
suppliers, distributors and large consumers that are obligated to buy a certain amount of
certificates in proportion to the electricity distributed to final consumers. As the quota
obligation is set and revised by the government, they determine the amount of certificates
demanded in the REC market (Energimyndigheten & NVE, 2014).

Wind power has received most certificates in recent years as seen in Table 1, followed by
biofuel and waterpower. Sun power plants are mainly small actors with their own generating

system, such as solar panels on residential buildings (Energimyndigheten, 2014).

Table 1- Number of issued certificates 2004-2014

Issued certificates per energy source

Year Wind Bio Water Peat Sun
2004 864 546 7670780 1968 242 544 781 6
2005 939 125 7925 794 1798 717 634 008 5
2006 988 340 8593 536 2018520 556 382 20
2007 1431644 9 049 655 2 195 347 579 621 19
2008 200 308 9599 314 2 607 349 834 191 129
2009 2490119 9 765 989 2 441 624 871431 212
2010 3486 077 11 168 923 2611 063 792 424 278
2011 6 104 135 10 337 664 2703 186 658 339 556
2012 7 163 339 10 646 635 3145 650 554 491 1029
2013 9 686 146 5154 515 837 480 129 032 3705
2014 11 023 660 4 705 945 1376114 106 379 10771

Data source: Energimyndigheten



The quota-curve in Figure 1 describes yearly quota obligations that are designed to stimulate
the production of renewable energy. The obligations are calculated so that both Norway and
Sweden will be able to meet their target of 26,4 TWh new renewable electricity production in
2020 with base year 2012 (Energimyndigheten, 2014). As the countries aim to decrease their
CO2 emissions, the quota increases until it reaches a steady state in which the target can be
fulfilled and then decrease to become obsolete when the system expires (Unger & Ahlgren,
2005).

In 2015, before the change in the quota obligation, Norwegian quota obligated participants had
to buy certificates corresponding to 4,9% of their electricity consumption. In Sweden, the
proportion was 13,9 %. Both quotas increased after the change. The certificates cancel out the
1st of April each year and then quota-obligated participants must buy new certificates to comply
with the quota obligations for next year. If a quota-obligated participant does not comply with
the set quota, it will have to pay a penalty that is set higher than the price of the certificates
(Energimyndigheten & NVE, 2014). The penalty fee can be interpreted as a price ceiling, as
the incentive to buy certificates disappears when the certificate price goes above the penalty
fee. Quota obligated agents would then rather pay the penalty fee than buy a certificate, resulting

in a demand equal to zero (Ek et al., 2004).

Quota obligations for Sweden and Norway
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Figure 1 — Quota obligations for Sweden and Norway before and after change in 2012.

Data source: Energimyndigheten



Certificate trading occurs on the Swedish electricity certificate market. Electricity certificates
are traded in two variations, spot contracts and forward contracts. The main actors on the market
are the participants with quota obligations and suppliers. There are also independent agents that
buy and hope to later sell certificates with a profit. The independent actors must, like all other
market participants, have an electricity certificate account in either CESAR or NECS
(Energimyndigheten & NVE, 2014). In 2012, approximately 21 million certificates were issued
in Sweden and Norway. Since the introduction of the trading system the market has experienced
a slight increase in transactions per certificate. This indicates a potentially increased liquidity
over time. However, the number of transactions per certificate it is still at a relatively low level
as it is only twice the size of the number of certificated being issued. Certificates can be used
to oblige with the quota demand received when producing renewable electricity, or banked for

later use (Energimyndigheten, 2014).

Figure 2 shows the amount of issued certificates during the period 2003-2014, the number of
cancelled certificates during the same period, the change in reserves and the accumulated
reserves. The reserves increase during the years in which more certificates are issued than
annulled. The economic logic behind the increase in accumulated reserves is simply that the
supply exceeds the demand during these years, thus decreasing the price of the certificates.
During the first three years this was the case and reserves started to accumulate, the period
2007-2010 saw equilibrium in the market and no further reserves were accumulated. Post 2010

the reserves started to increase again.

Historical Certificate Data
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Figure 2 —Certificates issued, cancelled, reserves/year and accumulated reserves
during 2003-2014.

Data source: Energimyndigheten



2.2 Events in the REC Market

A timeline of events in the REC market are presented in Figure 3. In government proposition
2005/06:154, it is proposed that the current lifetime of the electricity certificate market should
be extended to 2030. It also suggests an increase of the quota obligation, the quota should
increase until 2016 and, thereafter decrease and become obsolete in 2030. This proposition

passed and came into effect the 1% of January 2007.

On the 4™ of March in 2010, the Swedish government handed over proposition 2009/10:133 to
the parliament regarding the REC market. They proposed an extension of the expiration date
for the REC market until 2035 and new certificate quotas. The corresponding amendment to
came into force 1% of June 2010, and the quota adjustments was to take effect as of 2013.
Furthermore, the proposition suggested the need for development to include additional
countries, with the main focus on a joint market with Norway to be established as of January
151 2012. (Prop 2009/10:133)

In April 2010, the Swedish newspaper Dagens Nyheter did an investigation of the electricity
certificate market. The investigation showed that certain market participants abused the current
system by, for example, demolishing existing water power plants to build new plants. By doing
S0, these power suppliers were awarded certificates for the total energy production by the new
plants although little, or none, new energy had been transferred into the system. The Swedish
Energy Department responded to this finding with the statement that it was not in accordance
with the purpose of the system and was then ordered by the Swedish government to investigate
and propose new regulations (Rognerud, 2010, April 28). A new law regarding electricity
certificates with easier rules and a common market, government proposition 2010/11:155, was
delivered to the parliament the 30" of June 2011. It proposed the system and its function to stay
the same. Furthermore, it was suggested to implement stricter rules regarding the distribution
of certificates rewarded to electricity generated by water power. In the proposition, it was
suggested that a common market between Norway and Sweden should be active as of Januray
1%t 2012. The proposition continued by not recommending any price control of the certificates.
Lastly, it was stated that a common market should decrease the risk for high certificate prices
and that communication to market participants should be improved due to its central role in the
functioning of the market. (Prop 2010/11:155)

10



In February 2014 the Swedish Energy Agency presented its first submission for comments, the
so-called Checkpoint 2015, for the REC market. Among other things, the checkpoints should
analyze and evaluate the quota obligation, identify risks for diminishing growth in renewable
electricity production and evaluate the development and function of the certificate system in
general. The Swedish Energy Agency aimed to issue checkpoints every four years. Later in
May 2014, the Swedish Energy Agency received comment letters and statements of opinions
of this checkpoint from various agents in the business and industry sector. Among others the
Confederation of Swedish Enterprise, the Swedish Gas Association and the Swedish Wind
Energy commented on the report (Energimyndigheten, 2014). The feedback from the different
stakeholders emphasized the lack of clearly defined goals for the quota obligation and poorly
specified quantities of the electricity production in the report. Furthermore, they highlighted the
importance of increased transparency in the market and that the checkpoint reports should be
issued with higher frequency than every fourth year, as initially planned (Energigas Sverige,
2014; Svensk Videnergi, 2014; Svenskt Naringsliv, 2014). Preparations for checkpoint 2017
are currently available on the webpage of the Swedish Energy Agency. (Energimyndigheten,
2016).
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3 Theoretical Framework and Literature Review

3.1 Policy Maker Perspective

The first econometric analysis of the Swedish- Norwegian REC market is the study by Fagiani
and Hakvoort (2014). They study the role of regulatory uncertainty in the REC market and
examines how it affects the price volatility. Using a GARCH-model the authors find that
regulatory changes strongly affect the market, as the creation of a joint market with Norway
resulted in a period of higher volatility between 2010 and 2011. Fagiani and Hakvoort (2014)
conclude that regulatory uncertainty affects REC spot contract price volatility and restrains
investments. They recommend caution in announcement of regulatory changes and
policymaking regarding the REC market. Blyth, Bradley, Bunn, Clarke, Wilson and Yang
(2007) show that policy uncertainty increases the risk premium in energy investments. The
closer a company is to a policy change, the greater the demanded risk premium. Policy
uncertainty creates additional risk that may affect investment behavior of private companies,
they recommend policy makers to find ways to reduce uncertainty when implementing new
policies. (Blyth et al., 2007; Fagiani & Hakvoort, 2014)

During 2001-2012 the Norwegian government discussed the implementation of the renewable
energy certificate scheme that, according to Fagiani and Hakvoort (2014), caused market
uncertainty. Gullberg and Bang (2015) analyze the decision making process by which Norway
adopted a renewable energy support scheme compatible with the already existing scheme in
Sweden. The authors interviewed former and present ministers, state secretaries and
representatives of interest groups that were active in this decision making process. The authors
stress the importance of having support from a broad range of interest groups regarding the
decision making process. In this case support from both energy producers as well as from

ENGOs contributed to a more achievable cross-party agreement in parliament.

Linnerud, Andersson and Fleten (2014) show that utilities and other professional investors act
according to the real options investment rule. The possibility of future subsidies delay
investments in small hydropower projects. On the other hand, their results show that ordinary
investors and farmers do not act according to the real options investment rule, thus ignoring the

possibility to create higher value by waiting.
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Amundsen and Bergman (2012) analyze how the Swedish REC market is affected by market
power and that few actors hold significant shares. The results show that market power may be
a potential problem for the Swedish REC market and suggest market integration as a potential
solution. Furthermore it is concluded that efficient implementation of the REC system does not
only rely on market mitigation, but also on certificate price volatility as it poses a problem. For
instance, electricity generated by wind power in Denmark can deviate up to 25 percent from
annual mean due to the wind conditions. A joint Swedish-Norwegian market could be a
potential solution to high volatility. Wind variations are not correlated in the Nordic countries
and would stabilize price changes due to the diversification effect (Amundsen & Bergman,
2012). Bergek and Jacobsson (2010) suggest that the REC system is a “rent-generating-
machine”. For the plants that were built before 2014 and the plants that already existed when
the system started, the rent generated during the period 2003-2030 would amount to 42 billion
SEK, 28% of the payments to producers, assuming no additional rent generating changes. These
substantial rents are reaped by already existing technology. By overcompensating mature

technology, the system does not reward entrepreneurial incentives (Bergek & Jacobsson, 2010).

3.2 Investor Perspective

Dinica (2006) analyses the diffusion of support systems for renewable energy technologies,
RETS, from the perspective of the investor rather than the policy maker. The main argument for
the approach in the study is that it is not the type of support instrument but rather the risk-
profitability characteristics that influence investor behavior and the rate of diffusion of support
systems. The two instruments most frequently discussed and compared in the study are feed-
in-tariffs and the quota model. Dinica (2006) argues that analysis of support systems for RET
from the perspective of potential investors is more helpful than the more common approaches
in policy studies, as the investor-oriented perspective facilitates the development of

expectations regarding the likely rate of market growth.

Two sets of policy recommendations emerge from the approach used in the study of Dinica
(2006); one regards the design of support systems and one regards the choice and change of
support system types in the terms of risk-profitability profiles. The author concludes that policy-
makers should consider business requirements of domestic economic actors - both financing
agents and potential project developers - in terms of minimum expected equity return.

Furthermore, a more careful consideration of the risks associated with policy design is
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proposed. Dinica (2006) underlines the importance of support systems enabling investors to
predict the payment on a long-term basis. This statement is supported by Wolfgang, Jahnert and
Mo (2015) as their study concludes that stakeholders need to know and estimate future price
for electricity certificates to support investment decisions. Moreover, climate uncertainty and
penalty rate both illustrate significant consequences for certificate prices.

The weaker the predictability of payment streams, the higher the financial leakage, and public
financial support is spent less effectively. For example, previous research shows that in national
contexts where most economic actors are strongly risk averse, the legal guarantee of RET
purchases is not sufficient to create an attractive investment context. As orientation for
investors, within the context of risk and predictability, it is necessary to mention the guaranteed
contract duration (Dinica, 2006). The author discusses how to achieve higher numbers and
diversity of economic actors involved in the RET generation, transparency and stability is
mentioned to be factors of great importance. Governments carefully need to define goals and
purposes for implemented support systems in order to achieve transparency and stability.
Lastly, the author emphasizes that profitability is a crucial driver to create incentive for large
developers to join the renewables market. In order to break through the economic financial
obstacles to market growth, profitability motivates investors to lend their financial weight and

influential presence in the market (Dinica, 2006).

3.3 Spillover Effects

The most common method to investigate and interpret causal relations between a pair of
economic variables is to test for Granger- causality in mean. Cheung and Ng (1996) propose an
extension to this well-known procedure testing for causal relation in the second moment-
causality in variance. The test for causality in variance provides useful information on the
interaction between two separate time series. Insights concerning the dynamics and
characteristics of economic and financial prices is useful to construct better economic models
describing the temporal dynamics of the time series (Cheung & Ng, 1996). On the subject of
spillovers, Sadorsky (2012) concludes that very little is known about the relationship between
clean energy stock prices and macroeconomic variables. He contributes by investigating the
volatility dynamics of clean energy stock prices and their possible correlation with financial
markets. More in detail, he models the volatility spillover effect between oil prices, technology

stock prices and the stock prices of clean energy companies. The author finds that alternative
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energy companies react more to shocks in technology stock prices than shocks in oil price.
These results are important in establishing that clean energy companies have more in common

with technology companies than they do with the oil market.

Unger and Ahlgren (2005) form a hypothesis that higher fossil-fuel prices would probably
generate lower prices for both CO2 permits and tradable green certificates (TGC). They show
that the introduction of TGC quotas reduces electricity wholesale prices and tradable CO2
permit prices. They also show that a change in long-term CO2 reduction commitment only
affects demand, and thus prices of the tradable green certificates, to a small extent. This study
was done with the energy-system model generator MARKEL which modelled the electricity
and district-heating supply systems in Sweden, Norway, Denmark and Finland. They discuss
that the model does not incorporate risk-aversion. Thus, the price of certificate is much likely
higher in the real world than in the model. Fagiani and Hakvoort (2014) also examine potential
volatility spillover effects between electricity price, renewable energy certificates and the
Swedish equity market. Their findings show a significant relationship between the REC and the
equity market, but no significant relationship to or from the electricity price. When modeling
the renewable electricity certificates, Benth, Eriksson and Westgaard (2014) conclude that the
market is immature and exhibits great flexibility. Their study provides a general framework for
a valuation model for selling green certificates optimally, but also a general model for the
underlying price dynamics. They conclude that heavy tails, skewness and kurtosis should be

taken into account when modeling certificate prices.
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4 Method

4.1 Choice of Method

This study consists of a three- step procedure to answer the research questions. The first part
consists of ARCH and GARCH modeling of all REC contracts, aiming to estimate univariate
time-series models that allows for time variation in both conditional mean and conditional
variance. The second step is to tests for break points in the estimated variance generated by the
GARCH model and in the resulting residuals. Significant breaks will improve the GARCH
specifications of the REC contracts, thus the results from this part will serve as arguments to
analyze the first research question. The third part of the procedure consists of a causality-in-

variance test, and contributes with results for the second research question.

In order to understand the appropriate modeling for financial data, one must be made aware of

the so-called “stylized facts” of financial return data.

1. Financial return data often show fat tails. The data are more centered on the mean than
a normal distribution would predict and shows more extreme outliers. Thus, financial
data is not normally distributed.

2. It has been found that large changes are often followed by large changes, whether
positive or negative. The same goes for small changes of either sign. This is called
volatility clustering.

In general, the distribution is bell shaped and symmetric.

4. Stock returns tend to be negatively correlated with changes in volatility. This is called
the leverage effect.

5. Black (1976) concluded that in general, when one stock’s volatility changes, other tend
to follow. This is used as an explanation that a common factor affects the second

moments of stocks and the possibility of volatility spillovers.
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4.2 ARCH/GARCH Modeling

Autoregressive conditional heteroskedasticity and generalized autoregressive conditional
heteroskedasticity models are widespread tools for analyzing risk in financial assets in modern
econometrics (Engle, 2001). Time variant volatility, heteroskedasticity, of time series causes
too narrow estimations of confidence intervals in basic least square models, resulting in weaker
precision. In ARCH and GARCH models time variant volatility is instead modeled with the
objective to provide volatility measures valuable for agents in financial markets seeking to
improve portfolio management etc. (Engle, 2001).

4.2.1 Initial Tests and Specification of the Mean Equation

GARCH models requires stationary residuals, thus also require stationary variables. In order to
comply with this requirement, three different tests are used to determine maximum order of
integration and optimal lag length. Analysis of statistics from the standard Augmented Dickey-
Fuller test, the Philips-Perron and the KPSS test is used to ensure stationarity (Dickey & Fuller,
1979; Phillips & Perron, 1988; Kwiatkowski, Phillips, Schmidt & Shin, 1992). After generating
stationary variables, the next step is to specify a mean equation, which is a standard ARMA
model, such to generate white noise residuals and to ensure that no autocorrelation of residuals

can be observed in the Q- statistics.

Benth et al. (2014) conclude in their study of the renewable energy certificates that the data
shows heavy tails and exhibits a flexible structure. Other common features of financial data are
bell shapes and that volatility tends to cluster. With this in mind, the first step of the analysis is
to determine whether the GARCH specifications show a better fit when using fat-tailed
distributions such as the Student’s T distribution or the generalized error distribution compared

to the normal distribution.
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4.2.2 The Standard GARCH (p,q) Model

The standard GARCH (p, g) model is written as the sum of lagged squared returns and the sum
of lagged variance (Bollerslev, 1986). Without accounting for structural changes, the mean
equation and the variance equation are defined in Equation 4.1 and Equation 4.2 respectively,

with weak stationary condition in Equation 4.3.

Ve =Bxs + & &~N(0,h;) (Equation 4.1)

q p
hy =w+ Z ael | + z Bih,—1 + & (Equation 4.2)
i=1 i=1

q
Zai+

i=1 i

p
Bi <1 (Equation 4.3)
=1

In many real world cases, it has been shown that p=g=1. Making Equation 4.2 transform into
Equation 4.4, a GARCH (1,1) model. The model changes slightly into Equation 4.5 when
introducing dummy variables to account for one structural change. The dummy for structural
changes will take the value 0 for all t in which there is no change, and 1 for the regime in which
there is a change. The extension to more structural breaks is quite straightforward and the
specification with two structural changes is presented in Equation 4.6.
hy = w+aet + Brhes + & (Equation 4.4)
hy =+ alag—l + B1he—1 + Y1 Dstructural Change T &t (Equation 4.5)

hy = o+ ajel y + Brhey +v1Dsc1 + Y2Dsc2 + &€ (Equation 4.6)

For a GARCH (1,1) specification to be stationary, it is required that Equation 4.7 holds. The
reason for that is that if the condition is violated, the GARCH process is not stable but explosive.

a; + 1 < 1 (Equation 4.7)
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GARCH- model in Equation 4.4 gives the same weight to positive and negative news, giving
bad and good news the same effect on volatility. In financial data, it is suggested that volatility
reacts different to different news. Nelson (1991) proposes the exponential generalized
autoregressive conditional heteroscedasticity model (EGARCH), Equation 4.8, which allows
positive and negative shocks of the same magnitude to contribute asymmetrically to volatility.
Bad news in this sense is that volatility increases when prices drop, and good news is that

volatility increases with prices.

q p
€
log(h;) = w + Z a;g (ht 1) + Z Bilog(hi—1) + & (Equation 4.8 )
— t-1/

1

Evaluation of the specified models is done by considering the log-likelihood, parameter
significance and the Akaike’s Information Criteria (AlC), which provides us with information

of which specification that best fits the data.

4.3 Structural Break Test

In most of the previous literature it is assumed that the break points must be known a priori.
The most frequently used test with this approach is developed by Chow (1960). When applying
Chow’s test, the researcher must arbitrarily choose a break point in the data series based on
some feature of the series, this can lead to misspecification of the break points. This study
follows the procedure proposed by Bai and Perron (1998) that treats break dates as unknown
that are to be identified. Bai and Perron (1998) propose a test for detecting multiple structural
changes in a linear model estimated by least squares. The starting point is a model with m
structural breaks and therefore m+1 sub samples. Consider the linear regression model in
Equation 4.9. The structural break dates are at this time unknown. The procedure, proposed by
Bai and Perron (1998), detects these breaks by estimating the coefficients of the regression as

well as estimating the breakpoints in the full sample
ye = x(B+z6;+¢, t=T_1+1,..,T (Equation4.9)

Our procedure starts with specifying the variable of interest, in our case the conditional- and
unconditional variance, which equals the squared residuals from the GARCH specification, and
regress the dependent variable on a constant. This can be seen as a pure structural change model
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where all the explanatory variables are subject to change, in our case the constant, shown in
Equation 4.10.

Ye=Ct & (Equation 4.10)

The first step is to test the null hypothesis of no structural breaks versus the alternative of an
unknown number of structural breaks, m. This is called the double maximum test and aims to
suggest the appropriate number of structural breaks based on the maximization of the Fischer
statistic. Perron (2006) proves that this is a good starting point to determine whether a series is

subject to structural breaks or not.

Secondly, knowing if the series is subject to a structural break or not, the null hypothesis of |
breaks is tested against the alternative hypothesis of I+1 breaks. Using this sequential
procedure, the test first considers the whole sample and calculates the F-statistic. If the F-
statistic is greater than the critical value, it is concluded that there is at least one break. Then,
the sample is divided into two subsamples and tests for structural breaks within these
subsamples. If the F-statistic again is greater than the critical value, the date corresponding to
the highest value is a second breakpoint. This procedure is then repeated until no more
significant breakpoints can be detected. (Bai & Perron, 1998)

This analysis enables us to detect the number of breaks in the series and as well as the location
of the breakpoints. Once the breakpoints have been found, they are introduced as dummy
variables in the GARCH specification representing regimes with change in volatility.

4.4 Cross- Correlation Function Test

The second part of the study, with the aim to analyze spillover effects from external factors on
the REC contracts, follows the causality- in- variance test proposed by Cheung and Ng (1996).
This procedure is based on the resulting standardized residuals series from the best fitted
GARCH- models in previous part of the study, later presented in Table 3. Additional GARCH
models for OMXS30, OSEBX and Brent Crude are assumed to be GARCH (1, 1). In order to
generate white noise residuals for these series, a dummy variable for the financial crisis in 2008

is included in the variance equations. As for Brent Crude an additional dummy variable for the
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oil crisis in 2014 is included in the mean equation. Find graphs for estimated variance, residuals

and corresponding Q-statistics in Appendix A.

Similar to test for causality in mean, Pierce and Haugh (1977) suggest that the cross- correlation
function (CCF), of squared standardized residuals can be used to detect patterns of causation in
the second moment — volatility. Standardized residuals from the GARCH specifications for all

series are computed on level as well as squared. (Cheung & Ng, 1996).

X —
Uy = (t—#xt) = ¢ (Equation 4.11)
Rt
X, — 2
Uy, = (th& = &7 (Equation 4.12)
x,t

Computation of CCF coefficients of both leveled and squared standardized residuals are
motivated by their difference of interpretation. Significant CCF coefficients of residuals in level
indicate spillover effects in mean, as they are correlations of standard deviations of the price,
whereas significant CCF coefficients of squared residuals are interpreted as spillover effects in
variance. Prior to computing the CCF coefficient, the cross- covariance function (CCVF) is
defined (Brockwell & Davis, 2010). Considering N pairs of observations, the CCVF between
X and Y is given by Equation 4.13 and Equation 4.14.

N—-k
1
Gy () == > (@t =Dk =3)  [e=01,,N=1)] (Equation 4.13)
t=1
N
1 _ _
Gy =3 > =D =7 [k=—1,-2,+,~(N=1)] (Equation4.14)
t=1-k

Where x and y are the sample means, and k is the lag. The CCF coefficient is then computed as

the sample cross- correlation variance scaled by the variances of the two series as follows:

Cxy (k)

VExx(0)¢y, (0)

Ty (k) = (Equation 4.15)
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Where cxx (0) and cyy (0) are the sample variances of x and y. The sample CCF coefficient, rxy,
is then the second moment correlation as a function of lag, or time- offset, between the two
series. The CCF in Equation 4.13 and 4.14 can be described in terms of a lead and lag
relationship. Equation 4.13 applies to y: shifted relative to x.. With this direction of causal
relation, xt is said to lead yt , which is equivalent to saying that y: lags x:. Explained in other
words; significant CCF coefficients from Equation 4.13 indicate that x:should be considered as
the leading indicator of variable y:. Equation 4.14 describes the reverse situation. (Brockwell
& Davis, 2010). This study will analyze the CCF coefficients computed from equation 4.14 as
the purpose is to detect potential uni-directional spillovers from external factors considered to

be leading indicators.

The last step in the spillover procedure is to construct the null hypothesis of non-causality. To
test for a causal relationship at a specified lag k, the corresponding CCF coefficient should be
compared with a critical value for a two-tailed test, in this study a significance level of 5%.
Under the assumption that 1) the process generating xtand ytare uncorrelated, 2) the processes
are not autocorrelated, 3) the populations are normally distributed, and 4) the sample size is
large, the critical values composing the confidence interval are + 1,96 VN. (Brockwell & Dauvis,
2010).
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4.5 Critique of Method and Ethics

Svensk Kréaftmékling, SKM, is considered to be a reliable source for this type of data collection
as they are an independent and neutral market place also under supervision of the Swedish
financial supervisory authority (http://www.skm.se). All our estimations with corresponding

statistics are found in Appendix A to C to ensure replicability and validity.

In specifying GARCH models the mean and the variance equation are estimated simultaneously
to achieve white noise residuals. Regarding parameter significance, insignificant AR terms in
the Brent Crude Oil mean equation and in the OSEBX mean equation are included. Otherwise,
the error terms would be serial correlated. As absence of autocorrelation of the residuals series
in the CCF test is one of the criteria, this is essential to be able to answer the second research

question.

Resulting residual series used in the CCF test are computed from the GARCH specifications
excluding found break points, this differs from the methodology in the study by Fagiani and
Hakvoort (2014). In their study they include dummy variables for significant break points in
the variance equation when testing for spillover effects. When measuring spillover effects from
stock markets to both REC spot and forward price, it is important to consider correlations

among the two markets.

In this study the CCF tests are performed individually, the results do not account for correlation
among the exogenous variables. One of the assumptions in the test for spillover effects is that
the residuals are normally distributed, however, Monte Carlo simulation results of the proposed
test indicate good empirical size and power properties and is shown to be robust to non-normal
errors (Cheung & Ng, 1996).

24



5 Data

5.1 Data Collection

The data used for the analysis is gathered from SKM and Thomson Retuers Eikon database and
is of weekly frequency starting from January 2005 until January 2016. The data for the REC
price series is gathered from SKM’s website (http://www.skm.se) which is one of the oldest
and largest broker firms in the Nordic electricity market. The dataset contains 587 observation
of the following variables; REC spot contract, REC forward contract for one, two and three
years ahead corresponding to delivery in March 2017, 2018 and 2019, OMXS30 and OSEBX
stock market value and Brent Crude Oil price.

5.2 Variables

When testing for time variant interrelation between the REC market, Brent Crude and stock
markets, not only analysis of REC spot price will be of interest. This study also includes series
for REC forward contracts given the hypothesis that potential structural breaks and spillover
effects can generate fluctuations in expectation of the value of REC, affecting the price of REC

forwards contracts. The co-movement of the REC contracts are illustrated in Figure 4.
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To incorporate oil price, its volatility and effect in the REC market, this study uses Brent Crude
as a benchmark. Price and log returns in Figures 5a and 5b respectively. A benchmark crude is
a specific crude oil that is widely and actively bought and sold and is often used to compare
with other types of crude oil to determine a price by an agreed upon differential. Brent, the most
widely used global crude oil benchmark, is composed of four crude blends: Brent, Forties,
Ekofisk and Oseberg (BFOE). The Brent and Forties blends are produced offshore in the waters
of the United Kingdom, and the Ekofisk and Oseberg blends are mainly produced offshore in
the waters of Norway (EIA, 2016).

To capture potential relation and causality from stock market fluctuations to REC contracts,
stock market indices for both Norway and Sweden are incorporated in the analysis, OSEBX in
Figures 6a and 6b, and OMXS30 in Figures 7a and 7b. OMXS30 is the denomination of the 30
most traded stocks on the Swedish stock market and the OSEBX Index represents the most
traded shares listed on the Oslo Stock Exchange in Norway (Oslo Begrs, 2016; Nasdag, 2016)
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5.3 Descriptive Statistics and Data Properties

As expected, with the characteristics of financial data in mind, the REC contracts show a
kurtosis larger than three with exception from the REC 2019 forward contract. These results
confirm the properties regarding financial data and motivates the analysis to be based on
alternative distributions such as the Student’s t or Generalized Error Distribution (GED). All
three unit root tests are considered to ensure reliability before concluding stationarity of the
series. In each case of the variables the tests confirm stationarity after differentiating once, thus
the series are all integrated of order 1. Furthermore, maximum lag lengths to generate white
noise residuals are estimated to be 2. Find results for unit root tests Appendix A Table 6 and

descriptive statistics in Table 2.

Table 2- Descriptive statistics

REC Spot REC 2017 REC 2018 REC 2019 OMXS30 Brent Crude Oil OSEBX

Contract Forward Contract Forward Forward
Mean 213,6 220,1 226,6 230,9 1094,4 82,8 429,6
Median 196,4 203,5 210,6 217,2 1070,4 77,8 4255
Maximum 376,0 395,6 408,0 3914 1710,9 142,8 656,3
Minimum 136,8 138,8 140,5 1448 567,6 28,4 188,2
Std. Dev. 60,8 63,3 63,2 59,3 237,4 25,6 110,4
Skewness 1,1 1,1 1,1 0,9 0,4 0,1 0,1
Kurtosis 31 3,3 3,3 3,0 2,8 1,8 2,4
Observations 578 578 578 578 578 578 578

Data source: SKM and Thomson Reuters Eikon
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6 Analysis of Empirical Results

6.1 Volatility Specification

The results from this study show that the Student’s T distribution is violating the stationarity
condition in Equation 4.3, indicating that the Student’s T distribution is a poor fit for the data.
The REC spot contract, 2017 forward contract and 2018 forward contract GARCH
specifications all show better log likelihood and AIC values when modeled with GED than
normal distribution, as suggested by the descriptive statistics in Table 2. This result confirms
the findings of Benth et al. (2014) that fat-tailed distributions should be used in modeling the
RECs. The REC 2019 forward contract does not present the same distributional characteristics
as the previous three series. Both the Student’s T distribution and the GED create a violation of
the stationarity condition in Equation 4.3 and a kurtosis of three indicates a normal distribution.
Find all best fitted GARCH specifications in Table 3 and corresponding graphs for estimated

variance and Q- statistics in Appendix A.

To investigate the possibility of asymmetric effects, EGARCH (1,1) models are fitted to all of
the REC contracts. None of the parameters, seen in Appendix A Table 11, indicating such an
effect in the REC contracts are significant. The volatility of the REC contracts does not appear
to react differently to price increases or price drops. From an investor perspective, this result
contributes with insights of what to consider in predictions of the volatility of the REC
contracts. If prices are expected to drop because of a declining quota obligation or decreased
accumulated reserves, or the other way around with an expected price increase, investors do not

need to change their volatility prediction models as there are no asymmetric effects.

Absence of asymmetric effects additionally provides with information relevant from a
policymaker perspective. As the government controls demand for RECs through adjusting the
quota obligation, their policies affect the risk of the market. Since one of the goals is to maintain
and increase cost-efficiency as well as price stability, this result shows that any policy change
affecting the certificate market price, will affect the volatility of the market equally. Thus,
policy makers do not need to worry about the direction of the price change in the context of
market risk.
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Table 3 - Best fitted GARCH models

Generalized Error Distribution

AIC Log-likelihood w(-1) w(-2) w(-3) D, (QOil Crisis -14) a(-1) B(-1) D, (Financial Crisis 08-09) Sum of coefficients ~ Q-stat
REC Spot Contract -4,802 1388,995 0,333 *** 0,316 *** 0,613 *** 0,928 WN
(0,036) (0,106) (0,096)
REC 2017 Forward Contract -4,742 1371,827 0,332 *** 0,266 *** 0,642 *** 0,908 WN
(0,039) (0,093) (0,1005)
REC 2018 Forward Contract -4,916 1421,818 0,376 *** 0,272 ** 0,668 *** 0,941 WN
(0,037) (0,086) (0,082)
Brent Crude Oil -3479 1009,931 0,017 -0,017 *** 0,083 *** 0,884 *** 0,001 0,967 WN
(0,045) (0,005) (0,029) (0,031) (0,001)
OMXS30 -4,492 1300,832 -0,080 * 0,085 *** 0,844 *** 0,001 ** 0,930 WN
(0,044) (0,031) (0,045) (0,000)
OSEBX -4,364 1263,690 -0,041 0,105 ** 0,811 *** 0,002 * 0,917 WN
(0,041) (0,041) (0,054) (0,001)

Normal Distribution
REC 2019 Forward Contract -4,999 1441,583 0,362 *** -0,092 0,102 ** 0,168 *** 0,660 *** 0,829 WN
(0,048) (0,060)  (0,042) (0,040) (0,064)

Note: Final best fitted GARCH specifications used to test for regulatory changes and spillover effects. *, **, *** indicate significance at 10%, 5%, and 1%
respectivley. WN indicates white noise residuals. Find Q- statistics in Appendix A
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Figure 8 - Variance and residuals from REC spot contract GARCH (1,1) estimation



6.2 Break Points and Regulatory Changes

Break point tests are performed on conditional and unconditional variance from the best fitted

GARCH specifications. For the REC spot contract and forward contracts with delivery in 2017
and 2018 break point test are done on GARCH estimates both with GED and normal

distribution. This to validate our results against the earlier study done by Fagiani and Hakvoort

(2014) as they use normal distribution in their tests. By definition, GED requires more extreme

outliers for the coefficients to break and fewer breakpoints will be found compared to using the

normal distribution.

Table 4 - REC spot contract GARCH (1, 1) estimates with dummy variables

Normal Distribution

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
a 0,143426 ***  0,146060 *** 0,148163 *** 0,148472 *** (,136784 *** 0,144185 *** 0,136739 *** 0,150603 ***  0,149897 *** 0,146167 ***
(0,034991) (0,030307) (0,031561) (0,031201) (0,033336) (0,032547) (0,033046) (0,031135) (0,03106) (0,032717)
B 0714464 ***  0,768900 *** 0,767922 *** 0,760432 *** 0,715676 *** 0,736694 ***  0,722521 *** 0,771434 *** (,764902 *** 0,759271 ***
(0,068852) (0,042213) (0,040327) (0,042312) (0,065893) (0,053455) (0,060604) (0,038656) (0,040315) (0,042866)
D ; (May-08) -0,000023 0,000008 0,000010 0,000013
(0,000016) (0,000013) (0,000001) (0,000010)
D, (March-10) 0,000052 ** 0,000114 **  0,000052 **  0,000058
(0,000024) (0,000052) (0,000023) (0,000024)
D ;(Nov-11) -0,000001 -0,000096 * 0,000010 0,000016
(0,000014) (0,000051) (0,000015) (0,000014)
D 4 (Feb-13) -0,000006 -0,000039 -0,000010 0,000030
(0,000014) (0,000025) (0,000019) (0,000031)
D 5 (May-14) -0,000021 -0,000058 -0,000026 -0,000042
(0,000015) (0,000026) (0,000018) (0,000033)
AIC -4,672090 -4,663603 -4,663797 -4,665625 -4,680109 -4,673503 -4,677193 -4,663446 -4,665580 -4,665791
Generalized Error Distribution
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
a 0,296360 ***  0,298786 *** 0,297150 *** 0,287396 *** 0,279615 *** 0,287578 ***  (0,280641 *** 0,288254 ***  (0,292389 *** (,300975 ***
(0,108906) (0,105367) (0,103562) (0,102608) (0,105081) (0,105183) (0,10493) (0,100081) (0,101714) (0,106432)
B 0579272 ***  0,612002 *** 0,616272 *** 0,621244 *** (0577826 *** (0,588283 *** (,572585 ***  0,633565 *** 0,621309 *** 0,605441 ***
(0,118353) (0,102820) (0,100735) (0,102295) (0,121826) (0,116046) (0,122838) (0,097142) (0,098908) (0,104358)
D ; (May-08) 0,000008 0,000043 0,000045 0,000049
(0,000034) (0,000037) (0,000033) (0,000035)
D, (March-10) 0,000063 0,000192 0,000102 * 0,000114 *
(0,000048) (0,000125) (0,000063) (0,000066)
D ;(Nov-11) -0,000006 -0,000150 0,000031 0,000049
(0,0000388) (0,000117) (0,000049) (0,000049)
D, (Feb-13) -0,000014 -0,000066 -0,000018 0,000081
(0,000039) (0,000061) (0,000055) (0,000101)
D 5 (May-14) -0,000040 -0,000100 -0,000054 -0,000091
(0,00004) (0,000065) (0,000055) (0,000104)
AIC -4,802454 -4,799043 -4,799209 -4,800763 -4,807979 -4,804796 -4,807724 -4,796270 -4,798122 -4,797698

Note: GARCH (1,1) estimates on the REC Spot Contract with dummy variables suggested by the Bai-Perron (1998) procedure. *,** *** indicate significiance at 10%, 5% and 1% respectivly.

Standard errors in parenthesis

The results of Jensen and Skytte (2012) enable us to form a hypothesis of two of the events in

the market, namely the changes of the market duration. According to the aforementioned

authors, their results show that insecurity of market persistence will increase the risk in the
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market due to the fact that investors will prefer low-capital-cost technologies with short
payback time. Under this assumption, an increase in the duration of the REC system should
enable investors to focus on more long-term, cost-efficient projects thus decrease the
uncertainty and risk. However, both breaks that can be traced back to dates when changes in
market duration took place are positive and contribute to increased volatility. Both dummy
variables for market extension to 2030 (Prop 2005/06:154) and the extension to 2035 (Prop

2009/10:133) becomes positive and significant, albeit on different contracts.

This study, similar to the one by Fagiani and Hakvoort (2014), finds two significant break points
in the REC spot contract price series, shown in Table 4, corresponding to March 2010 and
November 2011. The parallel Fagiani and Hakvoort (2014) draw between the breaks and the
dates are as following. In March 2010, the government presented proposition 2009/10:133
aiming to extend the market to 2035, and the following week announced its intentions to create
a joint market with Norway. Their second break, between June 2011 and November 2011, does

not coincide with any events in the market.

Blyth et al. (2007) treat policy change as an exogenous risk factor with the hypothesis that
climate policy changes will affect the carbon price. Their findings show that the uncertainty or
the risk premium demanded by market actors, will increase the closer a policy change is to
happen. Thus, it may not be the policy change itself that is affecting the risk premium but the
uncertainty regarding what the policy change will bring. The results from the break point tests
in this study confirm the results of Fagiani and Hakvoort (2014) regarding increased volatility
in March 2010, which they conclude to be caused by the new law and quota obligation. On the
other hand, as Blyth et al. (2007) proposed, a policy change is more likely to affect the market
risk before it has come into effect, due to the insecurity of the actual outcome. When the
newspaper Dagens Nyheter published their investigation, they shone light on the most cost-
efficient way to be awarded certificates (Rognerud, 2010, April 28). By doing this, it called
politicians and organizations into action and demanded a law change with stricter rules
regarding certificates awarded for water power plants. This law came into effect the first of
January 2012, coinciding with the decrease in volatility in our model. Thus, it is possible that
the increase in quota obligation, and the insecurity of the effects of the new law contributed to

the new, higher, volatility regime between March 2010 and January 2012.
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What also coincides with the decrease in volatility in the REC spot contract price series is the
start of the joint Swedish-Norwegian market. The goal of the unification of the markets is to
increase cost-effectiveness and increase liquidity by creating a larger market. Liquidity may not
be the solution of high volatility problems, but illiquidity can be a cause of high volatility.
Amundsen and Bergman (2012) hypothesize that an integration of the Nordic REC market
would stabilize volatility due to the diversification effect. The dummy variable for the period
around New Year’s 2011/2012 is negative for all series suggesting market integration to be a
cause for the decrease in volatility. However, the results are unable to tell whether the decrease
is due to increased liquidity, decreased uncertainty regarding the outcome of the integration
(Blyth et al., 2007) or the diversification effect (Amundsen & Bergman, 2012).

The REC 2017 forward contract shows similar results and breaks as the REC spot contract as
shown in Appendix B Table 13. Firstly, an increase in the volatility coinciding with the
extension of the markets duration to 2035 made in year 2010. Secondly, it also shows similar
results with decreasing volatility around December 2011 and January 2012. In contrast to the
REC spot contract series, the REC 2017 forward contract also shows a significant decrease in
the volatility in the spring of 2014. Gullberg and Bang (2015) point out the importance of having
support from a broad range of interest groups when in the process of decision making, they
concluded that this was a contributing factor for the agreement of which Norway became a part
of the REC market in 2012. As one of the significant dates of change in volatility could be
traced back to May of 2014, when several different stakeholders of the Swedish industry
published their statements on the “Checkpoint report” issued by the Swedish Energy Agency,
its effect is relatable to the conclusions of Gullberg and Bang (2015). The dummy for May of
2014 exhibits significance only for the GARCH specification of the REC 2017 forward contract
when normally distributed, implying a quite modest effect to further analyze. However, it could
be a result worth to mention regarding the discussion of what role different stakeholders play

in the matter of policy changes to the REC market.

The REC 2018 forward contract only shows a break occurring in the spring of 2008, both with
the GED and the normal distribution, shown in Appendix B Table 14. This implies that the REC
2018 forward contract may not be affected by the same events that affect the REC 2017 forward
contract and the REC spot contract. This break, which is not significant on any other contract,
seems to be of significance even when taking Benth et al. (2014) recommendations into account.

It cannot be directly tied to any economic event occurring at the same time, but following the
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theoretical argument made by Blyth et al. (2007), one can hypothesize it to be linked to
proposition 2008/2009:92 made later that year. The actual outcome of the proposition remained
unknown, but it is possible that the debate of whether this proposition would reach the floor

began earlier, and thus increasing the volatility of the REC 2018 forward contract.

The REC 2019 forward contract shows a number of significant break points. Partly due to the
fact that the GARCH model is only estimated with a normal distribution. The lack of a more
forgiving distribution in terms of extreme values robs us of the possibility to know which breaks
that seem to be the clearest. The contract shows five breaks on their own, seen in Appendix B
Table 15, with the best model being with two breaks occurring in May 2010 and May 2014
respectively. The dummy for July 2008 seemed to be of significance at first, but when including
all three of the dummy variables it appears that the May 2010 dummy cancels out the effect of
the dummy for July 2008.

As mentioned before, the break point for May 2010 coincides with a number of different events
in the REC market. As both Gullberg and Bang (2015) and Dinica (2006) emphasize the
importance of consideration of opinions and requirements from different economic agents, the
effect of the letters of statements of opinion issued by different agents in the Swedish business

industry in May 2014 is necessary to assess.

6.3 Spillover Effects

The CCF test results in Table 5 show no significant spillover effects from Brent Crude Oil to
the REC spot contract price, both considering CCF coefficients of residuals on level and
squared. Tables and graphs of coefficients for CCF estimates on REC forward contracts are
presented in Appendix C in Table 16 and Figures 12-14. This finding suggests the REC spot
contract to be somewhat isolated from fluctuations in oil price when considering spillovers in
both mean and variance. The hypothesis from the study by Unger and Ahlgren (2005), where
the price of TGCs is expected to have a negative relationship with higher fossil fuels, can be
rejected in this study as no significant spillover effect from Brent Crude is detected on the REC
spot contract. On the other hand, significant spillovers in variance to the REC spot contract
from both OMXS30 and OSEBX are observed indicating dependency with respect to stock
market fluctuations. Even though Fagiani and Hakvoort (2014) use a different approach when

investigating spillover effects in the REC market, similar evidence of spillovers from stock
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markets is confirmed in this study. However, an important aspect worth to mention when
comparing the results of the two studies, is the exclusion of significant dummy variables for

regulatory changes in the REC market when testing for spillovers in this study.

In the context of volatility dynamics of financial assets related to renewable energy, this study
is comparable with the one of Sadorsky (2012) investigating clean energy stocks. Although the
market for clean energy stocks and RECs differ in, among other things trading system and
market participants. Similarly to Sadorsky’s (2012) conclusions of higher impact of technology
stock prices than of oil prices, the results from the CCF in Table 5 show absence of Brent Crude
Oil spillovers whereas stock markets affect the volatility of the REC spot contract price. More
in detail, stock markets show positive correlation coefficients, this with the economic
interpretation of a positive relation between risk in stock markets and the REC market. The
significant spillovers in variance from OMXS30 and OSEBX are estimated to delay two periods
as the second lags of the squared residuals of both of the stock market indices are significant.
Spillover effects from both OMXS30 and OSEBX present equally significance, thus no
difference in impact between the two stock markets can be established. From the perspective
of potential and existing investors in the joint REC market these results suggest that market
agents could expect shocks in the Swedish stock market to affect the REC spot contract price

to the same extent as the Norwegian stock market.

Table 5 - Spillover test results REC spot contract

Brent Crude OMXS30 OSEBX
Lag k se; se/ se; se se; se/

0 0,0420 0,0020 -0,0241 0,0323 -0,0066 -0,0156
-1 0,0251 -0,0004 0,0379 -0,0269 0,0706 -0,0124
-2 -0,0088 0,0159 0,0009 0,0822** -0,0157 0,0847**
-3 -0,0605 0,0657 -0,0464 -0,0139 -0,0775 0,0277
-4 -0,0200 0,0409 -0,0326 0,0004 -0,0602 0,0108
-5 0,0497 -0,0126 0,0063 0,0524 0,0453 -0,0123
-6 0,0598 0,0157 0,0042 0,0203 -0,0335 0,0155
-7 -0,0233 -0,0160 0,0317 0,0057 -0,0223 -0,0214
-8 0,0306 0,0356 -0,0061 -0,0288 0,0201 0,0014
-9 0,0301 -0,0270 -0,0650 0,0382 -0,0173 -0,0292
-10 -0,0167 0,0007 0,0236 0,0236 -0,0120 0,0089
-11 0,0168 0,0273 -0,0372 -0,0243 -0,0245 -0,0199
-12 0,0736 0,0080 -0,0507 -0,0101 -0,0107 0,0675

Note: CCF coefficients up to lag 12. Standardized residuals (se ;) and standardized squared residuals (se ;%) under the
assumption of uni-directional spillover running from external factors to REC Spot Contract. ** indictaes significance at 5%.
Find corresponding graphs in Appendix C

35



As for the REC forward contracts, seen in Appendix C Table 16 and Figures 12-14, Brent Crude
spillovers in mean are detected consistently for all maturity periods, and for the REC 2018 and
2019 forward contracts also in variance. The positive signs of the CCF coefficients indicate a
positive effects on price and volatility of REC forward contracts with respect to Brent Crude
Oil price fluctuations. This contradicts the hypothesis of a negative relation between fossil fuels
and TGC:s prices by Unger and Ahlgren (2005). Whereas both stock markets seem to affect the
REC spot contract price to the same extent, test results regarding the REC 2018 forward contract
indicate additional significant spillover effects from OSEBX both in mean and in variance.
When comparing the number of significant spillover coefficients from OMXS30 and OSEBX
to the REC 2018 forward contract, this study finds that the Norwegian stock market appears to

affect REC 2018 forward contract more than the Swedish stock market.

The causal relations between the REC spot contract and forward contracts, presented in
Appendix C Table 16, indicate decreasing spillover effects with higher maturity date. Thus the
outcome shows that REC forward contracts are more affected by the REC spot contract price
the closer the maturity date. Relating this to the general function of converging forward price,
effects of spillovers in both mean and variance increase as the forward price converges. The
CCF can also be interpreted as indication of regressing power as they indicate leading
properties. With this in mind it is also confirmed by the CCF test that REC forward contracts
are better forecasted with lags of the REC spot contract price closer in time. In general, when
comparing REC spot with REC forward contracts, results from the CCF tests give an indication
of a slightly higher sensitivity of REC forward contracts with respect to Brent Crude Oil.
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7 Discussion

Seen from the point of view of Gullberg and Bang (2015), the submitted letters of comments
and opinions from the different economic actors is a sign of participation in the design and fine
tuning of the regulations in the support system. It can also be seen as an invitation from the
government’s side in order to obtain feedback on their assessment work of the REC system,
thus a sign of the government's willing to include and co-operate with economic actors and
potential investors in the REC market. This kind of feedback system could be of importance for
market growth if investors and traders in the REC market have the opportunity to engage and
possibly affect the regulatory work in higher levels. For example, several agents requested the
checkpoint reports to be issued by The Swedish Energy Agency with higher frequency, and not
just only every fourth year. As it appears, this demand influenced the intended routines of the
checkpoints and resulted in the decision of the reports being issued every second year. This
seems to be in line with the conclusions from the investor- oriented study by Dinica (2006) who

argues that policymakers should consider business requirements of economic actors.

On the other hand, it is also relevant to consider to the recommendations of Dinica (2006)
regarding transparency in the matter of communication between policy-makers and the
economic agents involved in the support system. Although the different organizations and
agents varied on their specific opinions and critique, one reappearing comment was regarding
the ambiguous and unclear objectives stated by the government and the Swedish Energy
Agency. Among others, The Confederation of Swedish Enterprise expressed in their comment
letter the lack of clearly defined goals for the quota obligation, and also poorly specified
quantities of the electricity production underlying the calculations in the report (Svenskt
Néringsliv, 2014). This could be seen as dissatisfaction on the matter of communication
between agents in position of market regulation and agents investing in the market.

Blyth et al. (2007) recommend policy makers to be aware of the potentially increased risk
premium before and close in time to a policy change affecting the market. Although the results
in this study show increased volatility related to extension of market duration in two periods, it
is relevant to discuss the scope of persistence of its effect. This study provides with detection
of different types of events affecting volatility, however, additional analysis of the long run-

impact of such a policy change is necessary to investigate if the market uncertainty decreases
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over time. This paper shows that the REC contracts’ second moments are affected by external
factors such as the Swedish and Norwegian stock markets. The spillover effects to REC
contracts from external factors such as the Swedish OMXS30 and the Norwegian OSEBX,
implies that policy makers must take these external factors into account when implementing
new policies. This to avoid potential double risk increase with both policy risk and external

spillover risk.

Dinica (2006) argues that transparency and long term stability is key for policy makers to create
effective policies. If the transparency can be increased, it could mean that the uncertainty of
policy outcome can decrease. By committing to the system for a longer period than 2035, the
financial leakage caused by insecurity of payments streams could be reduced and increase the
predictability of the future cash flows of investments. This can also be the case if the market
continues to include more countries. As Amundsen and Bergman (2012) hypothesized, and as
this paper shows, the inclusion of Norway in the Swedish REC market contribute to more stable
certificate prices. By including more countries, such as Denmark, the certificate risk could
decrease further due to the diversification effect. The increased liquidity, which is likely to
follow, may increase the cost effectiveness in the investments. This can cause more
entrepreneurial incentives and combat the claim made by Bergek and Jacobsson (2010), that

the rents are reaped by mature technology.

As Amundsen and Bergman (2012) points outs, few actors with large market shares could pose
a problem in the REC market. Dinica (2006) proposes that in order to create an attractive
investment environment, government policies must ensure a stable income stream and avoid
complex payment structures. This to increase entrepreneurial incentives and increase
competition in the market. Although the REC system may be seen as complex by outsiders, our
assumption is that the market actors are well aware of the system. Thus, the criteria of a stable
income stream remain. The framework developed by Dinica (2006) tries to translate policy

language to investor language.

An important part in promoting investments in renewable energy, she states, is the risk-
profitability trade-off. This study shows that political regulations, and other events tied to the
market, affect the volatility of both the REC spot contract and the forward contracts. As the
RECs serve as an extra-income for energy producers, its benefits may therefore be included in

the investment decisions. With political regulations affecting the risk of the certificates, it also
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makes forecasts of project profitability more volatile and less reliable. This in turn could lead
to projects that are close to their breakeven point gets scrapped. Less renewable energy would
thus be transferred into the system and harming the overall goal of the REC system, to increase
electricity production from renewable energy sources. As Linnerud et al. (2014) shows, the
possibility of future subsidies delays investments in small hydro power plants. By increasing
the predictability of cash flows and avoiding complex payments structures, the speculation of
future subsidies decreases and the information available to market actors becomes more
accurate. As Wolfgang et al. (2015) concludes, investors and stakeholders need this information

to support investment decisions.

Regarding Unger and Ahlgren’s (2005) hypothesis; higher fossil fuel prices probably generate
lower prices for tradable green certificates. This hypothesis can be rejected with the results
presented in this paper. But it is shown that it exists significant spillovers from the external
factors’ second moments to certificate volatility. By including external factors’ second
moments when modelling the certificate risk, investors can create higher predicting power when

forecasting future cash flows from investments.
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8 Conclusion

On all of the REC contracts, no matter the distribution, the results show at least one dummy
variable per contract that can be linked to a regulatory change which significantly affects the
volatility of the contract. It is concluded that regulatory changes can both increase and decrease
the risk in the renewable energy certificates. By taking the stylized facts of financial data into
account, one can achieve more robust estimates of the volatility and make the estimates of
regulatory uncertainty decrease as the coefficients will not break as frequently. The most
frequently significant dummy variable, May 2010, can have two explanations for change in
volatility. Firstly, and most probable, the new law from proposition 2010/11:155 which
extended the market to 2035 and began preparing for a joint Swedish-Norwegian market. This
volatility increase may depend on the uncertainty of the outcome (Blyth et al., 2007). Secondly,
the uncertainty that followed the investigation of Dagens Nyheter when the market actors were
unable to receive certificates for renovations and rebuilding of demolished water power plants.
(Rognerud, 2010, 28 April)

The integration of Norway in the Swedish REC market seems to have contributed to a decrease
in the volatility of the certificates, both in the REC spot contract and the longer forward
contracts. Test results indicate significant spillover effects both in mean and in variance from
the OMXS30 and the OSEBX to the REC spot and forward contracts. Oil prices do not seem
to affect the short term REC contracts, but have significant spillover on the more long-term
two- and three year forward contracts. By including external factors such as the stock markets
and oil price, investors may increase the predictability of future cash flows received from
certificates and better model the risks associated with new investments. Policy makers are
recommended to take external factors such as the OMXS30 and OSEBX into account when
implementing new policies. Furthermore, increased transparency in policy making can decrease

uncertainty and improve the investment environment.

Another aspect important to mention is the inclusion of Norway in the REC market. This study
examines spillover effects for the whole period of 2003-2015, thus the analysis does not account
for any changes in spillovers when Norway entered the REC market. As Norway is an oil
exporting country one could expect the oil dependency to differ between the periods before and
after the joint market which could be a subject for future research.
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Appendix A

Presented in this section are unit root test results, ARCH/GARCH estimates with corresponding

graphs and tests for white noise, for all series included in the study.

Table 6 Appendix A - Unit root test results

Level ADF PP KPSS
Intercept REC Spot Contract -1,383(1) -1,393 0,832***
REC 2017 Forward Contract -1,361(1) -1,372 0,844***
REC 2018 Forward Contract -1,353(1) -1,353 0,901***
REC 2019 Forward Contract -1,411(3) -1,331 0,978***
Brent Crude Oil -1,665(3) -1,617 0,636**
OMXS30 -1,731(2) -1,753 1,607***
OSEBX -2,001(0) -2,064 1,567***
Intercept and Trend REC Spot Contract -1,656(1) -1,632 0,419***
REC 2017 Forward Contract -1,634(1) -1,622 0,425***
REC 2018 Forward Contract -1,663(1) -1,646 0,423***
REC 2019 Forward Contract -1,806(3) -1,679 0,430***
Brent Crude Oil -1,172(3) -0,991 0,327***
OMXS30 -2,044(1) -2,146 0,305***
OSEBX -2,206(0) -2,372 0,269***
First difference ADF PP KPSS
Intercept REC Spot Contract -17,864(0)***  -17,888*** 0,109

REC 2017 Forward Contract  -18,040(0)*** -18,013*** 0,108
REC 2018 Forward Contract  -17,193(0)*** -17,173*** 0,107
REC 2019 Forward Contract  -17,253(0)***  -17,467*** 0,106

Brent Crude Ol -11,721(2)***  -24,724*** 0,381*
OMXS30 -26,653(0)***  -26,642*** 0,071
OSEBX -24584(0)***  -24,605*** 0,084
Intercept and Trend REC Spot Contract -17,858(0)*** -17,881*** 0,078

REC 2017 Forward Contract  -18,033(0)*** -18,006*** 0,078
REC 2018 Forward Contract  -17,189(0)***  -17,166*** 0,074
REC 2019 Forward Contract  -10,799(2)***  -17,461*** 0,068

Brent Crude Oil -11,878(2)*** -24,804*** 0,072
OMXS30 -26,635(0)***  -26,625*** 0,073
OSEBX -24575(0)***  -24596*** 0,076

Note: All variables in natural logs. Optimal lag legnth is determined by comparing AIC
value. *, ** and *** indicate significance at 10, 5, and 1% respectively. The null
hypothesis of ADF and PP tests is presence of unit roots. Null hypothesis for the KPSS
tests is stationarity



Table 7 Appendix A - ARCH and GARCH estimates REC spot contract

Student's T-Distribution

AIC  Log-likelihood a(-1) a(-2) a(-3) B(-1) B(-2) B(-3) Sum of coefficients Q-stat
ARCH (1) -4,735 1368,548 0,614 ** 0,614 WN
(0,273)
ARCH (2) -4,754 1375,140 0,582 ** 0,394 ** 0,977 WN
(0,256) (0,181)
ARCH (3) -4,780 1383,654 0,502 ** 0,309 ** 0,279 ** 1,090 WN
(0,195) (0,140) (0,127)
GARCH (1,1) -4,790 1385,642 0,455 *** 0,566 *** 1,021  WN
(0,157) (0,084)
GARCH (2,1) -4,787 1385,679 0,438 *** 0,046 0,539 *** 1,023 WN
(0,166) (0,172) (0,135)
GARCH (2,2) -4,786 1386,405 0,417 **  -0,019 0,928 *** -0,301 * 1,024  WN
(0,162) (0,261) (0,338) (0,172)
GARCH (1,2) -4,790 1386,400 0,409 *** 0,912 ***  -0,297 *** 1,025 WN
(0,134) (0,152) (0,108)
GARCH (1,3) -4,787 1386,513 0,459 *** 0,679 ** -0,011 -0,103 1,024 WN
(0,167) (0,345) (0,436) (0,184)
Normal Distribution
AIC  Log-likelihood a(-1) o(-2) a-3) B(-1) B(-2) B(-3) Sum of coefficients Q-stat
ARCH (1) -4,611 1331,983 0,148 *** 0,148 WN
(0,057)
ARCH (2) -4,625 1336,856 0,160 *** (0,139 *** 0,300 WN
(0,057) (0,039)
ARCH (3) -4,646 1344,123 0,176 *** 0,105 ** 0,155 *** 0,436 WN
(0,058) (0,046) (0,057)
GARCH (1,1) -4,670 1349,946 0,149 *** 0,769 *** 0,918 WN
(0,029) (0,039)
GARCH (2,1) -4,667 1349,996 0,167 *** -0,020 0,777 *** 0,923 WN
(0,059) (0,060) (0,047)
GARCH (2,2) -4,663 1350,088 0,178 *** 0,008 0,503 0,216 0,905 WN
(0,061) (0,262) (1,545) (1,175)
GARCH (1,2) -4,667 1350,085 0,181 *** 0,533 * 0,194 0,908 WN
(0,056) (0,307) (0,252)
GARCH (1,3) -4,664 1350,116 0,162 *** 0,615 * 0,198 -0,062 0,913 WN
(0,058) (0,352) (0,521) (0,294)
Generalized Error Distribution
AIC  Log-likelihood a(-1) 0(-2) 0(-3) B(-1) B(-2) B(-3) Sum of coefficients Q-stat
ARCH (1) -4,757 1375,011 0,351 ** 0,351 WN
(0,147)
ARCH (2) -4,772 1380,251 0,357 ** 0,238 ** 0,595 WN
(0,147) (0,109)
ARCH (3) -4,791 1386,861 0,332 ** 0,213 ** 0,215 ** 0,761  WN
(0,132) (0,108) (0,104)
GARCH (1,1) -4,802 1388,995 0,316 *** 0,613 *** 0,928 WN
(0,106) (0,096)
GARCH (2,1) -4,799 1389,028 0,308 *** -0,011 0,644 *** 0,941 WN
(0,130) (0,141) (0,124)
GARCH (2,2) -4,795 1389,066 0,317 ** 0,057 0,356 0,184 0,915 WN
(0,131) (1,095) (3,490) 2,177)
GARCH (1,2) -4,799 1389,053 0,322 ** 0,497 0,109 0,929 WN
(0,131) (0,368) (0,282)
GARCH (1,3) -4,794 1388,804 0,391 *** 0,253 0,163 0,129 0,935 WN
(0,136) (0,233) (0,219) 0,173)

Note: ARCH and GARCH estimates on the REC Spot Contract under different distributions. *,** *** indicate significiance at 10%, 5% and 1% respectivly. WN

indicates white noise residuals. Standard errors in parenthesis. Mean equation specified as an AR (1)



Table 8 Appendix A - ARCH and GARCH estimates for REC 2017 forward contract

Student's T-Distribution

AIC  Log-likelihood a(-1) o(-2) o(-3) B(-1) B(-2) B(-3) Sum of coefficients Q-stat
ARCH (1) -4,668 1349,388 0,361 ** 0,361 WN
(0,160)
ARCH (2) -4,719 1365,204 0,312 ** 0,553 *** 0,865 WN
(0,130) (0,182)
ARCH (3) -4,745 1373,579 0,267 ** 0,463 *** 0,244 ** 0,974 WN
(0,108) (0,150) (0,107)
GARCH (1,1) -4,745 1372,525 0,346 *** 0,625 *** 0,971 WN
(0,114) (0,084)
GARCH (2,1) -4,750 1375,102 0,215 ** 0,296 * 0,452 *** 0,964 WN
(0,097) (0,152) (0,126)
GARCH (2,2) -4,748 1375,383 0,224 ** 0,235 0,669 * -0,168 0,960 WN
(0,099) (0,199) (0,369) (0,227)
GARCH (1,2) -4,749 1374,689 0,276 *** 1,011 *** -0,320 ** 0,967 WN
(0,095) (0,204) (0,148)
GARCH (1,3) -4,750 1375,889 0,259 *** 1,366 *** -0,951 *** 0,306 *** 0,980 WN
(0,086) (0,197) (0,250) (0,118)
Normal Distribution
AIC  Log-likelihood o(-1) a(-2) o(-3) B(-1) B(-2) B(-3) Sum of coefficients Q-stat
ARCH (1) -4,583 1323,912 0,106 ** 0,106 WN
(0,051)
ARCH (2) -4,623 1336,382 0,111 ** 0,269 *** 0,380 WN
(0,044) (0,066)
ARCH (3) -4,639 1341,974 0,121 *** 0,247 *** 0,115 ** 0,483 WN
(0,042) (0,061) (0,053)
GARCH (1,1) -4,642 1341,944 0,157 *** 0,693 *** 0,849 WN
(0,042) (0,078)
GARCH (2,1) -4,646 1344,121 0,094 ** 0,161 ** 0,482 *** 0,737  WN
(0,043) (0,073) (0,135)
GARCH (2,2) -4,647 1345,225 0,110 ** 0,166 ** 0,814 *** -0,381 *** 0,708 WN
(0,044) (0,076) (0,170) (0,105)
GARCH (1,2) -4,643 1343,321 0,138 *** 1,022 *** -0,321 * 0,839 WN
(0,051) (0,249) (0,194)
GARCH (1,3) -4,668 1351,263 0,100 **=* 1,787 ***  -1,631 *** 0,667 *** 0,923 WN
(0,016) (0,048) (0,068) (0,045)
Generalized Error Distribution
AIC  Log-likelihood a(-1) a(-2) a(-3) B(-1) B(-2) B(-3) Sum of coefficients Q-stat
ARCH (1) -4,683 1353,708 0,250 ** 0,250 WN
(0,122)
ARCH (2) -4,723 1366,186 0,212 ** 0,409 *** 0,621 WN
(0,099) (0,136)
ARCH (3) -4,742 1372,773 0,204 ** 0,367 *** 0,193 ** 0,764 WN
(0,091) (0,123) (0,097)
GARCH (1,1) -4,742 1371,827 0,266 *** 0,642 *** 0,908 WN
(0,093) (0,099)
GARCH (2,1) -4,746 1373,918 0,167 * 0,246 * 0,447 *** 0,860 WN
(0,088) (0,144) (0,160)
GARCH (2,2) -4,746 1374,919 0,243 ** 0,315 *** -0,314 *** (0,511 *** 0,755 WN
(0,101) (0,077) (0,111) (0,063)
GARCH (1,2) -4,744 1373,286 0,227 ** 0,978 *** -0,297 0,908 WN
(0,093) (0,275) (0,204)
GARCH (1,3) -4,749 1375,685 0,199 *** 1,485 ***  -1144 *** (401 *** 0,941 WN
(0,062) (0,174) (0,227) (0,119)

Note: ARCH and GARCH estimates on the REC 2017 Forward Contract under different distributions. *,** *** indicate significiance at 10%, 5% and 1%

respectivly. WN indicates white noise residuals. Standard errors in parenthesis. Mean equation specified as an AR (1)



Table 9 Appendix A - ARCH and GARCH estimates for REC 2018 forward contract

Student's T-Distribution

AIC  Log-likelihood o(-1) a(-2) a(-3) B(-1) B(-2) B(-3) Sum of coefficients Q-stat
ARCH (1) -4,848 1401,299 0,447 ** 0,447  WN
0,174)
ARCH (2) -4,876 1410,206 0,402 *** 0,361 *** 0,764  WN
(0,149) (0,138)
ARCH (3) -4,905 1419,582 0,390 *** 0,320 ** 0,293 ** 1,003 WN
(0,139) (0,125) (0,130)
GARCH (1,1) -4,920 1423,021 0,353 *** 0,654 *** 1,008  WN
(0,111) (0,071)
GARCH (2,1) -4,918 1423,414 0,295 *** 0,115 0,597 *** 1,006 WN
(0,114) (0,138) (0,103)
GARCH (2,2) -4,915 1423,649 0,293 *** 0,026 1,010 -0,279 0,998 WN
(0,113) (0,320) (0,732) (0,460)
GARCH (1,2) -4,919 1423,646 0,289 *** 0,956 *** -0,247 0,998 WN
(0,101) (0,248) (0,185)
GARCH (1,3) -4,915 1423,647 0,298 *** 0,880 * -0,136 -0,045 0,997 WN
(0,114) (0,474) (0,656) (0,277)
Normal Distribution
AIC  Log-likelihood a(-1) o(-2) o(-3) B(-1) B(-2) B(-3) Sum of coefficients Q-stat
ARCH (1) -4,751 1372,169 0,190 *** 0,190 WN
(0,059)
ARCH (2) -4,774 1380,046 0,200 *** 0,177 *** 0,378  WN
(0,057) (0,046)
ARCH (3) -4,792 1386,037 0,206 *** 0,166 *** 0,112 ** 0,483 WN
(0,058) (0,047) (0,051)
GARCH (1,1) -4,815 1391,755 0,187 *** 0,687 *** 0,874 WN
(0,042) (0,062)
GARCH (2,1) -4,812 1391,776 0,179 *** 0,015 0,672 *** 0,866 WN
(0,053) (0,058) (0,083)
GARCH (2,2) -4,895 1416,713 0,166 *** -0,172 *** 1,679 ***  -0,675 *** 0,998 WN
(0,047) (0,048) (0,079) (0,079)
GARCH (1,2) -4,812 1391,829 0,169 *** 0,833 *** -0,124 0,878 WN
(0,051) (0,261) (0,207)
GARCH (1,3) -4,809 1391,862 0,172 *** 0,774 **  -0,030 -0,042 0,874 WN
(0,052) (0,369) (0,550) (0,262)
Generalized Error Distribution
AIC  Log-likelihood a(-1) 0(-2) o(-3) B(-1) B(-2) B(-3) Sum of coefficients Q-stat
ARCH (1) -4,858 1403,982 0,318 ** 0,318 WN
(0,128)
ARCH (2) -4,880 1411,326 0,305 *** 0,272 *** 0,577  WN
(0,117) (0,105)
ARCH (3) -4,900 1418,072 0,304 *** 0,251 ** 0,201 * 0,756  WN
(0,112) (0,098) (0,106)
GARCH (1,1) -4,916 1421,818 0,272 *** 0,668 *** 0941  WN
(0,086) (0,081)
GARCH (2,1) -4,913 1421,957 0,243 ** 0,059 0,628 *** 0,931 WN
(0,099) (0,119) (0,113)
GARCH (2,2) -4,950 1433,680 0,289 ***  -0,295 *** 1,596 *** -0,593 *** 0,997 WN
(0,093) (0,096) (0,081) (0,085)
GARCH (1,2) -4,913 1422,043 0,236 ** 0,891 *** -0,186 0,941  WN
(0,093) (0,323) (0,245)
GARCH (1,3) -4,910 1422,048 0,246 ** 0,813 -0,088 -0,034 0,939 WN
(0,099) (0,519) (0,729) (0,321)

Note: ARCH and GARCH estimates on the REC 2018 Forward Contract under different distributions. *,** *** indicate significiance at 10%, 5% and 1%
respectivly. WN indicates white noise residuals. Standard errors in parenthesis. Mean equation specified as an AR (1)



Table 10 Appendix A - ARCH and GARCH estimates for REC 2019 forward contract

Student's T-Distribution

AIC  Log-likelihood o(-1) a(-2) o(-3) B(-1) B(-2) B(-3) Sum of coefficients Q-stat
ARCH(1) -5,120 1476,380 0,721 ** 0,721  WN
(0,343)
ARCH(2) -5,138 1482,599 0,758 * 0,339 1,097  WN
(0,407) (0,233)
ARCH(3) -5,148 1486,364 0,723 * 0,300 0,223 1,246  WN
(0,371) (0,214) (0,163)
GARCH(1,1) -5,164 1490,173 0,488 ** 0,582 *** 1,070 WN
(0,227) (0,091)
GARCH(2,1) -5,161 1490,180 0,500 **  -0,020 0,589 *** 1,069 WN
(0,239) (0,214) (0,143)
GARCH(2,2) -5,165 1492,218 0,364 **  -0,254 * 1,467 ***  -0,582 *** 0,995 WN
(0,168) (0,155) (0,112) (0,071)
GARCH(1,2) -5,163 1490,644 0,250 ** 1,203 ***  -0,443 *** 1,010 WN
(0,122) (0,176) (0,131)
GARCH(1,3) -5,162 1491,386 0,303 ** 0,814 * 0,149 -0,260 1,005 WN
(0,149) (0,484) (0,703) (0,304)
Normal Distribution
AIC  Log-likelihood a(-1) o(-2) o(-3) B(-1) B(-2) B(-3) Sum of coefficients Q-stat
ARCH(1) -4,955 1428,137 0,298 *** 0,298 NO
(0,069)
ARCH(2) -4,965 1432,014 0,300 *** 0,080 ** 0,380 NO
(0,067) (0,031)
ARCH(3) -4,972 1435,043 0,286 *** 0,053 0,063 * 0,402 WN
(0,065) (0,035) (0,034)
GARCH(1,1) -4,999 1441,583 0,168 *** 0,660 *** 0,829 WN
(0,040) (0,064)
GARCH(2,1) -4,998 1442,495 0,248 ***  -0,094 0,715 *** 0,869 WN
(0,059) (0,062) (0,091)
GARCH(2,2) -4,996 1442,836 0,262 *** -0,076 0,538 0,123 0,847 WN
(0,061) (0,143) (0,597) (0,362)
GARCH(1,2) -4,998 1442,404 0,219 *** 0,377 * 0,206 0,801 WN
(0,052) (0,202) (0,174)
GARCH(1,3) -5,017 1448,746 0,318 *** 0,167 **  -0,087 0,422 *** 0,819 NO
(0,0615) (0,080) (0,064) (0,084)
Generalized Error Distribution
AIC  Log-likelihood a(-1) 0(-2) o(-3) B(-1) B(-2) B(-3) Sum of coefficients Q-stat
ARCH(1) -5,134 1480,508 0,438 *** 0,438 NO
(0,160)
ARCH(2) -5,145 1484,632 0,434 *** 0,174 * 0,608 NO
(0,155) (0,104)
ARCH(3) -5,154 1488,073 0,457 *** 0,153 0,118 0,728 NO
(0,155) (0,112) (0,088)
GARCH(1,1) -5,169 1491,458 0,318 *** 0,577 *** 0,895 NO
(0,110) (0,104)
GARCH(2,1) -5,166 1491,570 0,360 *** -0,066 0,615 *** 0,909 NO
(0,135) (0,167) (0,169)
GARCH(2,2) -5,169 1493,490 0,285 ***  -0,242 ** 1,515 ***  -0,586 *** 0,972 NO
(0,101) (0,106) (0,089) (0,076)
GARCH(1,2) -5,166 1491,568 0,350 *** 0,477 0,066 0,893 NO
(0,132) (0,384) (0,290)
GARCH(1,3) -5,164 1492,083 0,215 *** 0,747 0,183 -0,250 0,895 NO
(0,092) (0,501) (0,734) (0,335)

Note: ARCH and GARCH estimates on the REC 2019 Forward Contract under different distributions. *,** *** indicate significiance at 10%, 5% and 1%
respectivly. WN indicates white noise residuals. Standard errors in parenthesis. Mean equation specified as an AR (3)



Table 11 Appendix A - EGARCH estimates on REC contracts

Student's T-Distribution

AIC  Log-likelihood C(4) C() C(6)

EGARCH (1,1) REC spot contract -4,790 1386,386 0,550 ***  -0,013 0,848 ***
(0,120) (0,064) (0,051)

EGARCH (1,1) REC 2017 forward contract -4,716 1365,196 0,520 *** 0,017 0,973 ***
(0,084) (0,045) (0,006)

EGARCH (1,1) REC 2018 forward contract -4,926 1425,597 0,519 *** 0,014 0,882 ***
(0,107) (0,054) (0,038)

EGARCH (1,1) REC 2019 forward contract -5,172 1493,242 0,634 *** 0,082 0,813 ***
(0,175) (0,082) (0,059)

Normal distribution

AIC  Log-likelihood C(4) C() C(6)

EGARCH (1,1) REC spot contract -4,677 1352,966 0,292 ***  -0,003 0,894 ***
(0,048) (0,032) (0,031)

EGARCH (1,1) REC 2017 forward contract -4,648 1344,585 0,300 *** 0,018 0,852 ***
(0,061) (0,034) (0,044)

EGARCH (1,1) REC 2018 forward contract -4,824 1395,209 0,326 *** 0,009 0,868 ***
(0,057) (0,0286) (0,034)

EGARCH (1,1) REC 2019 forward contract -5,008 1445,424 0,312 *** 0,028 0,830 ***
(0,056) (0,028) (0,040)

Generalized Error Distribution

AIC  Log-likelihood C4) C(5) C(6)

EGARCH (1,1) REC spot contract -4,804 1390,442 0,442 ***  -0,013 0,856 ***
(0,109) (0,064) (0,059)

EGARCH (1,1) REC 2017 forward contract -4,745 1373,634 0,436 *** 0,021 0,852 ***
(0,107) (0,060) (0,057)

EGARCH (1,1) REC 2018 forward contract -4,921 1424,355 0,447 *** 0,014 0,873 ***
(0,102) (0,053) (0,044)

EGARCH (1,1) REC 2019 forward contract -5,175 1494,258 0,494 *** 0,049 0,802 ***
0,122) (0,068) (0,068)

Note: E-GARCH estimates on REC Contracts under different distributions. *,** *** indicate significiance at 10%,
5% and 1% respectivly. Standard errors in parenthesis. Mean equation specified as an AR (1) for all but REC 2019

Forward Contract which is an AR (3). C(5) measures the E-GARCH effect
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Figure 9 Appendix A - Graphs of estimated variances and standardized residuals of best fitted GARCH for REC forward contracts
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Figure 10 Appendix A - Graphs of estimated variance and standardized residuals of best fitted GARCH for OMXS30,

OSEBX and Brent Crude Oil



Appendix B

Presented below are GARCH (1, 1) models estimated with dummy variables for significant
dates from break point tests of estimates variances. All combinations of dummy variables are
estimated with both Normal and Generalized Error Distribution with exception for REC 2019.

Table 12 Appendix B - Q-statistics for AC and PAC of best fitted GARCH models

REC Spot REC 2017 REC 2018 REC 2019 OMXS30 OSEBX Brent Crude Oil
Contract Forward Forward Forward
Lag Q-Stat Prob Q-Stat Prob Q-Stat Prob Q-Stat Prob Q-Stat Prob Q-Stat Prob Q-Stat Prob
1 0,68 0,10 0,74 0,12 0,00 1,46 0,08
2 110 029 1,13 0,29 164 020 059 012 073 152 022 092 034
3 195 038 2,68 0,26 346 018 191 065 072 168 043 094 062
4 385 0728 3,78 0,29 365 030 192 0,17 073 087 218 054 107 078
5 387 042 384 043 463 033 333 0,19 097 091 227 069 116 088
6 400 055 515 0,40 555 0,35 333 0,34 195 086 403 055| 276 074
7 408 067 5,86 044 5,77 0,45 3,33 0,50 254 086 474 058 284 083
8 473 069 597 0,54 578 057 344 0,63 47 070 569 058 612 053
9 705 053 7,28 051 663 058 3,59 0,73 488 077 570 068 613 063
10 785 055 7,93 0,54 715 062 6,56 0,48 501 083| 617 0,72 884 045
11 827 060 9,80 0,46 846 058 8,51 0,39 761 067 920 051 964 047
12 865 065 | 1043 049 8,77 064 | 961 0,38 778 073] 961 057 993 054
13 1133 050 | 1104 053 | 1199 045 1101 036 888 071 961 065 1017 0,60
14 1135 058 | 1125 059 | 1219 051 | 1205 036 | 1259 048] 974 072| 1073 063
15 1188 062 | 1126 067 | 1242 057 | 1410 029 1468 040| 98 0,77| 1125 0,67
16 1381 054 | 1235 065 | 1399 053 | 1416 036 | 1496 046| 1049 079 1166 0,70
17 1417 059 | 1256 0,71 | 1406 059 | 1417 044 | 1522 051| 1049 084 1294 068
18 1418 065 | 1257 076 | 1414 066 | 1418 051 | 1566 055| 1382 068 1332 0,72
19 1441 070 | 1264 081 | 1417 072 | 1427 058 | 1746 049| 1876 041| 1778 047
20 1443 076 | 1267 086 | 1417 077 | 1476 061 | 1917 045| 1894 046 1781 054
21 1533 076 | 1283 088 | 1432 081 | 1478 068 | 1966 048] 2027 044| 1781 0,60
22 1565 079 | 1287 091 | 1449 085 | 1479 074 1968 054 2051 049| 1820 0,64
23 1622 081 | 1303 093 | 1516 086 | 1482 079 | 2037 056| 2087 053| 1832 0,69
24 1789 076 | 1339 094 | 1532 088 | 1483 083 2039 062| 2144 055| 1878 0,71
25 1810 080 | 1363 096 | 1542 091 | 1529 085 | 2112 063| 2146 061| 1884 0,76
26 1856 082 | 1374 097 | 1556 093 | 1884 071 2113 069| 21,74 065| 2310 057
27 1995 079 | 1443 097 | 1711 091 | 2000 070 | 2299 063| 21,83 0,70| 2461 054
28 1995 083 | 1445 098 | 1716 093 | 2005 074 2303 068 2198 0,74| 2462 0,60
29 2011 086 | 1454 098 | 1716 095| 2053 0,77 [ 2359 070| 2200 0,78 2466 065
30 2052 088 | 1455 099 | 1720 096 | 2059 081 | 2575 064| 2237 08l| 2467 0,70
31 2121 088 | 1473 099 | 1795 09 | 2103 082 3005 046| 238 0,78 2556 0,70
32 2126 091 | 1492 099 | 1873 096 | 21,72 083 | 3092 047| 2656 069| 2559 0,74
33 2132 093 | 1498 100 | 1910 097 | 2293 082 3107 O051| 2656 0,74 2796 067
34 2200 093 | 1581 100 | 1934 097 | 2295 085 3203 052| 2681 0,77 2807 071
35 2337 092 | 1627 100 | 2040 097 | 2395 085 3204 O056| 268 080 2807 075
36 2341 093 | 1627 100 | 2052 098 | 239 088 3211 061| 2717 083 2846 0,78

Note: Ljung- Box test for white noise of residuals. Q- statistics and p- values for null hypoethesis of no autocorrelation
up to lag order k



Table 13 Appendix B - REC 2017 forward contract GARCH (1, 1) estimates with dummy variables

Normal distribution
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10

a 0151567 *** 0,150106 *** 0,153183 *** 0153041 *** 0,155265 *** 0,154610 *** 0,156877 *** 0,159989 *** 0160637 *** 0,160850 ***
(0,046565)  (0,045563)  (0,044256)  (0,047699)  (0,044700)  (0,044519)  (0,042034)  (0,044418)  (0,042423)  (0,042617)
B 0,662216 *** 0665281 *** 0,657409 *** 0,665430 *** 0,686630 *** 0,687524 *** 0,680883 *** 0,691318 *** 0,686570 ***  0,685955 ***
(0,095592)  (0,093490)  (0,090906)  (0,102134)  (0,087727)  (0,087468)  (0,082244)  (0,078792)  (0,073552)  (0,073808)
D, (May-08) -0,000014 0,000026 0,000025 0,000026
(0,000015)  (0,000020)  (0,000020)  (0,000018)
D,(March-10) 0,000110 **  0,000103 **  0,000065 **  0,000045 *
(0,000054)  (0,000051)  (0,000030)  (0,000025)

D5 (Nov-11) -0,000098 * -0,000022 -0,000040 0,000013
(0,000052) (0,000021) (0,000153)  (0,000022)
D, (Feb-12) -0,000092 * -0,000022 0,000033 0,000015
(0,000049) (0,000021) (0,000155) (0,000023)
D s (May-14) -0,000078 ** -0,000045 ** -0,000044 -0,000045
(0,000033) (0,000023) (0,000026)  (0,000027) *
AIC -4,650485 -4,649803 -4,650240 -4,640967 -4,637664 -4,637573 -4,641514 -4,635577 -4,639389 -4,639490

Generalized Error Distribution

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
a 0,244523 ***  (,243266 *** 0,250914 *** (,257487 *** (,258094 *** (,258105 *** 0,257663 *** 0,263469 0,265147 ***  (0,267794 ***
(0,094540) (0,093540) (0,095241) (0,098152) (0,095494) (0,095505) (0,094261) (0,093839) (0,094222) (0,095002)
p 0,613874 *** 0,614332 *** 0,605330 *** 0,611679 *** 0,627332 *** 0,626853 *** 0,621683 *** 0,640787 0,633001 *** 0,631626 ***
(0,119257) (0,118300) (0,117862) (0,119489) (0,112317) (0,112417) (0,111617) (0,101063) (0,101452) (0,101414)
D ; (May-08) 0,000021 0,000058 0,000058 0,000065 *
(0,000033) (0,000040) (0,000040) (0,000039)
D, (March-10)  0,000153 0,000148 0,000101 * 0,000047
(0,000097) (0,000094) (0,000057) (0,000043)
D ;(Dov-11) -0,000116 -0,000018 0,000008 0,000046
(0,000091) (0,000039) (0,000386) (0,000049)
D 4 (Feb-12) -0,000112 -0,000018 0,000007 0,000047
(0,000088) (0,000040) (0,000389) (0,000051)
D 5 (May-14) -0,000094 -0,000052 -0,000057 -0,000058
(0,000059) (0,000042) (0,000055) (0,000056)
AIC -4,748447 -4,748241 -4,749407 -4,744045 -4,742145 -4,742143 -4,744753 -4,736077 -4,738719 -4,738777

Note: GARCH (1,1) estimates on the REC 2017 Forward Contract with dummy variables suggested by the Bai-Perron (1998) procedure. *,** *** indicate significiance at 10%, 5% and 1%
respectivly. Standard errors in parenthesis



Table 14 Appendix B - REC 2018 forward contract GARCH (1, 1) estimates with dummy variables

Model 1

Normal distribution

Model 2

Model 3

Model 4

Model 5

Model 6

a 0,180909 ***

0,180296 ***

0,178411 ***

0,188489 ***

0,187125 ***

0,184104 ***

(0,044931) (0,044545) (0,043518) (0,044791) (0,042945) (0,043070)
B 0,668406 *** 0,671453 *** 0,670368 *** 0,681955 *** (,688536 *** (0,682934 ***
(0,072990) (0,072696) (0,070213) (0,064381) (0,059835) (0,061749)
D, (April-08) 0,000039 **  0,000030 * 0,000033 **
(0,000018) (0,000016) (0,000016)
D ,(May-12) -0,000026 -0,000016 0,000003
(0,000018) (0,000030) (0,000019)
D ;(Feb-13) -0,000012 0,000016 0,000028
(0,000018) (0,000033) (0,000029)
D ,(May-14) -0,000029 -0,000017 -0,000039
(0,000019) (0,000023) (0,000032)
AIC -4,814967 -4,813000 -4,815010 -4,808818 -4,809065 -4,810375
Generalized Error Distribution
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
a 0,269448 *** 0,270418 **  0,268466 *** 0,275272 *** (0,272960 *** 0,273718 **
(0,093737) (0,093404) (0,093015) (0,088028) (0,086933) (0,087398)
B 0,620313 *** (0,622780 *** 0,621162 *** 0,661404 *** 0,663772 *** (0,660096 ***
(0,104613) (0,103471) (0,103543) (0,083412) (0,082026) (0,083794)
D, (April-08) 0,000068 * 0,000062 * 0,000064 *
(0,000038) (0,000035) (0,000035)
D,(May-12) -0,000021 0,000021 0,000027
(0,000037) (0,000062) (0,000038)
D ;(Feb-13) -0,000016 -0,000004 0,000033
(0,000037) (0,000066) (0,000049)
D 4, (May-14) -0,000028 -0,000018 -0,000026
(0,000040) (0,000046) (0,000056)
AIC -4,921807 -4,921522 -4,922136 -4,910385 -4,910787 -4,910303

Note: GARCH (1,1) estimates on the REC 2018 Forward Contract with dummy variables suggested by the Bai-Perron
(1998) procedure. *,** *** indicate significiance at 10%, 5% and 1% respectivly. Standard errors in parenthesis



Table 15 Appendix B - REC 2019 forward contract GARCH (1, 1) estimates with dummy variables

Normal Distribution

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Modell 11
a 0,214382 *** (,212847 *** (,215807 *** 0,211878 *** 0,166003 *** (0,169869 *** 0,167241 *** (,171164 *** (0,159324 *** (0,150323 *** (,159574 ***
(0,046073) (0,049305) (0,046106) (0,044423) (0,045753) (0,041827) (0,040422) (0,045309) (0,043233) (0,039479) (0,043165)
B 0543406 *** 0,505751 *** 0,539019 *** (0,557780 *** 0,598562 *** 0,641885 *** (,651993 *** 0,606418 *** 0,616201 *** 0,664194 *** 0,616796 ***
(0,075264) (0,089837) (0,079628) (0,071081) (0,089408) (0,072271) (0,066304) (0,084888) (0,081634) (0,068556) (0,081301)
D, (Oct-06) 0,000064 *** 0,000051 *** 0,000071 *** 0,000072
(0,000017) (0,000015) (0,000018) (0,000018)
D, (Jul-08) 0,000008 0,000001 0,000033 ***  0,000036 *** 0,000001
(0,000015) (0,000011) (0,000012) (0,000012) (0,000010)
D ;(May-10) 0,000053 ** 0,000055 ** 0,000068 ***  0,000070 *** 0,000069 ***
(0,000022) (0,000022) (0,000023) (0,000023) (0,000025)
D ,(Feb-13) 0,000002 -0,000004 -0,000032 0,000050
(0,000019) (0,000015) (0,000021) (0,000032)
D 4, (May-14) -0,000025 * -0,000026 -0,000054 *** -0,000055 -0,000054 ***
(0,000016) (0,000014) * (0,000020) (0,000031) (0,000020)
AIC -5,010328 -5,018225 -5,010180 -5,011644 -5,009052 -4,999945 -5,002238 -5,010916 -5,014953 -4,996179 -5,011481

Note: GARCH (1,1) estimates on the REC 2019 Forward Contract with dummy variables suggested by the Bai-Perron (1998) procedure. *,** *** indicate significiance at 10%, 5% and 1% respectivly.

Standard errors in parenthesis
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Appendix C

In this section all tables and graphs corresponding to the investigation of spillover effects are

presented.
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Figure 11 Appendix C - Graphs for Cross- Correlation Function Coefficients REC spot contract corresponding to coefficients
presented in Table 5



Table 16 Appendix C - CCF coefficients from spillover results from external factors to REC forward contracts

REC 2017 Forward Contract

Brent Crude OMXS30 OSEBX REC Spot Contract
Lagk se; sef’ se; sef? se; sef? se; se

0 0,0404 0,0138 -0,0082 0,0451 0,0102 -0,0087 0,9024** 0,921**
-1 0,0376 -0,0087 0,0355 -0,0424 0,0783 -0,0210 0,0121 -0,0326
-2 -0,0045 0,0137 -0,0029 0,1132** -0,0100 0,1063** -0,0242 -0,0301
-3 -0,0469 0,0714 -0,0435 -0,0160 -0,0778 0,0059 0,0426 -0,0142
-4 -0,0315 0,0290 -0,0285 -0,0017 -0,0492 -0,0168 0,0496 0,0271
-5 0,0624 -0,0140 0,0331 0,0495 0,0489 -0,0112 0,0035 -0,0195
-6 0,0749 0,0276 -0,0039 0,0060 -0,0385 -0,0031 0,0540 -0,0292
-7 -0,0287 -0,0097 0,0179 0,0230 -0,0328 0,0080 -0,0416 -0,0190
-8 0,0181 0,0452 0,0059 -0,0286 0,0548 0,0132 -0,0127 0,0104
-9 0,0435 -0,0227 -0,0367 0,0295 0,0040 -0,0305 0,0698 0,0934**
-10 -0,0271 -0,0319 0,0083 -0,0161 -0,0220 -0,0074 0,0310 -0,0171
-11 0,0111 0,0201 -0,0452 -0,0164 -0,0133 -0,0204 0,0433 -0,0242
-12 0,0879** 0,0036 -0,0430 -0,0053 -0,0092 0,0672 -0,0305 -0,0188

REC 2018 Forward Contract

Brent Crude OMXS30 OSEBX REC Spot Contract
Lagk se; sef? se; sef? se; sef? se; se

0 0,0167 -0,0127 -0,0178 0,0328 -0,0160 -0,0179 0,8726** 0,8841**
-1 0,0560 0,0166 0,0517 -0,0294 0,1059** -0,0058 0,0454 -0,0378
-2 -0,0121 0,0210 -0,0120 0,0892** -0,0244 0,0844** -0,0225 -0,0209
-3 -0,0561 0,0974** -0,0691 -0,0047 -0,0992** 0,0284 0,0469 -0,0043
-4 0,0020 -0,0027 -0,0477 -0,0064 -0,0567 -0,0326 0,0455 0,0308
-5 0,0622 -0,0252 0,0530 0,0474 0,0702 -0,0071 0,0029 -0,0295
-6 0,0619 0,0353 0,0028 -0,0152 -0,0297 -0,0192 0,0533 -0,0364
-7 0,0001 0,0103 0,0301 0,0228 -0,0130 0,0111 -0,0280 -0,0191
-8 0,0134 0,0259 0,0273 -0,0129 0,0653 0,0054 -0,0018 0,0131
-9 0,0264 -0,0342 -0,0335 0,0338 0,0002 -0,0315 0,0633 0,083**
-10 -0,0124 -0,0213 0,0077 -0,0077 -0,0177 0,0038 0,0249 -0,0275
-11 0,0235 -0,0027 -0,0577 -0,0170 -0,0337 -0,0400 0,0392 -0,0272
-12 0,0879** 0,0276 -0,0140 -0,0220 0,0059 0,0602 -0,0242 -0,0050

REC 2019 Forward Contract

Brent Crude OMXS30 OSEBX REC Spot Contract
0 0,0300 0,0674 -0,0036 0,0295 0,0052 0,0019 0,7771** 0,6912**
-1 0,0646 0,0555 0,0193 -0,0476 0,0925** -0,0200 0,1009** 0,0007
-2 0,0233 0,0024 0,0440 0,0074 0,0398 0,0027 0,0545 -0,0171
-3 -0,0682 0,0809 -0,0538 -0,0120 -0,0685 0,0157 0,0038 -0,0237
-4 0,0039 0,0709 -0,0470 0,0133 -0,0519 -0,0001 0,0200 0,0770
-5 0,0523 -0,0209 0,0539 -0,0108 0,0593 -0,0492 -0,0032 -0,0133
-6 0,0272 0,0427 -0,0085 0,0198 -0,0297 -0,0335 0,0590 -0,0196
-7 0,0137 -0,0205 0,0428 -0,0072 0,0031 -0,0345 -0,0391 -0,0117
-8 0,0278 0,0124 0,0260 -0,0168 0,0381 0,0059 -0,0339 0,0682
-9 0,0089 -0,0313 -0,0560 0,0105 -0,0232 -0,0330 0,0042 0,0558
-10 0,0108 0,0000 0,0638 0,0287 0,0323 0,0425 0,0666 -0,0262
-11 -0,0095 0,0824** -0,0769 0,1113** -0,0411 0,0228 0,0360 -0,0081
-12 0,089** 0,0385 -0,0074 -0,0287 0,0012 0,0396 -0,0303 -0,0207

Note: CCF coefficients up to lag 12. Standardized residuals (se ;) and standardized squared residuals (se ;%) under the assumption of uni-directional spillover running
from external factors to REC Forward Contracts.** indicates significance at 5%. Find corresponding graphs in Appendix C
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Figure 12 Appendix C - Graphs for Cross- Correlation Function Coefficients REC 2017 forward contract
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Figure 13 Appendix C - Graphs for Cross- Correlation Function Coefficients REC 2018 forward contract



Cross-Correlation Coefficient Cross-Correlation CoefTicient Cross-Correlation CoefTicient

Cross-Correlation CoefTicient

-0,02
-0,06
-0,10

Volatility Spillover OMXS30 REC 2019 Forward
Contract (se;)

0,10

0.06 " .
/.

0,02 . \ /

L] .
-0.02 /
-0.06 ¢ R

....... e e e et enee s s smne s s emne e s s smme e e s end
-0.10

12 10 -8 6 4 -2 0

Number of lags
--------- Upper Boundry 95% ++s==-eo+ Lower Boundry 95%

—@— Cross-Correlation Coefficient

Volatility Spillover OSEBX REC 2019 Forward Contract
(s&;)

0,14
0,10
0,06
0,02

Number of lags

--------- Upper Boundry 95% ++s-=-+-+ Lower Boundry 95%

—=&— Cross-Correlation Coefficient

Volatility Spillover Brent Crude Qil REC 2019 Forward

Contract (se;)
.
/. / \
- o/.\‘"/. \o /. !
-0.06 \.
-0.10
12 10 -8 6 4 -2 0
Number of lags
--------- Upper Boundry 95% ++sseeess Lower Boundry 95%
—=@— Cross-Correlation Coefficient
Volatility Spillover REC Spot Contract REC 2019
Forward Contract (se;)
0,90
L]
0,70
0.50
0,30
0.10
-0.10

-12 -10 -8 -6 -4 -2 0

Number of lags

--------- Upper Boundry 95% seeeeeee Lower Boundry 95%

—=®— Cross-Correlation Coefficient

Cross-Correlation Coefficient Cross-Correlation Coefficient Cross-Correlation CoefTicient

Cross-Correlation Coefficient

-0.02
-0,06
-0,10

-0.10

Volatility Spillover OMXS30 REC 2019 Forward
Contract (se;?)

0,14

0,10

0,06

0,02

Number of lags

--------- Upper Boundry 95% =+e+ee- Lower Boundry 95%

—&— Cross-Correlation Coefficient

Volatility Spillover OSEBX REC 2019 Forward Contract

(sei”)

0.10
0,06

o_\_\ /.
0,02 . . e

] . .
002 / \ / \./
L L] .\.

-0.06
-0.10

12 10 -8 6 4 -2 0

Number of lags

--------- Upper Boundry 95% «esseeens Tower Boundry 95%

—=®— Cross-Correlation Coefficient

Volatility Spillover Brent Crude Qil REC 2019 Forward

Contract (se;%)
0,10
....... ...........................................................;:_..f._.}.........................;
0,06 ./ . -—
002 . /\ yd
L] L]
-0,02 \./ S ‘
-0,06
gy T e
12 10 -8 6 4 2 0
Number of lags
--------- Upper Boundry 95% «ssiniees Lower Boundry 95%
—&— Cross-Correlation Coefficient
Volatility Spillover REC Spot Contract REC 2019
Forward Contract (se;?)
0,90
0,70

0,50
0,30
0,10

Number of lags

--------- Upper Boundry 95% =+++2--» Lower Boundry 95%

—&— Cross-Correlation Coefficient

Figure 14 Appendix C - Graphs for Cross- Correlation Function Coefficients REC 2019 forward contract



