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Summary
In this paper, the main objective is to assess how different risk factors affect stock
returns of the Oslo Energy Index. Previous papers suggest that the following
factors should affect stock returns: foreign exchange exposure, the term premium,
the market portfolio and fluctuations in the oil and natural gas price. These factors
are found to be significant, and we will therefore apply these in several
multifactor models to obtain the exposure and the risk premia. This will enable us

to compare the expected returns using different approaches.
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1.0 Introduction

The oil sector is considered as a volatile industry. As presented by Mork et. al.
(1994), the Norwegian economy is affected by changes in the oil price, and due to
Norway’s status as a relatively large net exporter of oil, the Norwegian economy
benefits significantly from increases in oil price. During the last years, the oil
sector has gone through a large number of fluctuations as a result of political

events, exchange rate of the US dollar, geopolitics and other factors.

The factors describing the return on assets has been a debated topic in asset
pricing, with numerous suggestions of factors and models based on theory and
conducted in empirical research. The Capital Asset Pricing Model (Sharpe, 1964;
Lintner, 1965; and Mossin 1966) suggests that the market return is the only factor
explaining the expected return. Based on limitations to the CAPM model,
multifactor models such as the Intertemporal CAPM (Merton, 1973) and
Arbitrage Pricing Theory (Ross, 1976) was introduced. Empirical multifactor
models such as the Fama-French 3-factor (Fama and French, 1993) and 5-factor
model (Fama and French, 2015) extends the CAPM by several explanatory
variables, and its empirical results has proven to be significant over time.
Alternative models that are also still applied extensively was introduced in Chen
et. al. (1986) which suggests a multifactor model using a two-step cross-sectional
regression method with macroeconomic variables following Fama and MacBeth
(1973). More up-to-date research by Sadorsky (2001) conducted a study on
Canadian oil and gas companies. This study estimates the exposures to Canadian
oil and gas industry stock prices for a set of risk factors between 1983 and 1999

by applying market multifactor models.

To examine the expected return on oil and gas companies in Norway, we will
apply different approaches and compare these. We will apply the method
introduced by Fama and MacBeth (1973) and Chen et. al. (1986) to obtain the
exposures to risk factors and risk premia for the various risk factors. Further, a
more recent approach by Sadorsky (2001) will be applied to obtain the exposures,
whereas another method will provide us with the risk premia. It is interesting to

gain knowledge of the determinants of expected return of Norwegian oil and gas
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companies, i.e. the amount of risk and the price of risk. The exposure of oil and
gas companies returns to different risk factors can further be applicable for both
the companies and institutional investors, as this information could be used for

hedging of the relevant risk factors.

To our knowledge, there are no prior research on this particular topic within” the
Norwegian oil and gas sector. Hence, we have arrived at the following research
question: “How does risk factors affect stock returns of the Oslo Energy Index

based on different multifactor market models?”

2.0 Literature Review

2.1 The CAPM, ICAPM, APT and Fama-French factor approaches to
explaining returns

The Capital Asset Pricing Model (CAPM) is a single factor model that describes
the relationship between the expected return and risk. The foundation of this
single factor model is built upon the work of Sharpe (1964), Lintner (1965) and
Mossin (1966). They suggested that the only component that explains the

expected return is the market return.

Major criticisms to the CAPM are related to the heavy assumptions and the
requirement of the additional assumptions such as homogeneous expectations and
that the CAPM is a single-period model. The critique of Roll (1977) suggests that
the market portfolio is impossible to observe. Further, Merton (1973) argues that
these assumptions are unrealistic to accomplish in the real-world investing, since
an investor often participates in the financial market for multiple years, and not a
single year like the CAPM assume. Due to these limitations, the Intertemporal
Capital Asset Pricing Model (ICAPM) was introduced by Merton (1973). ICAPM
is a consumption based asset pricing model that in contrast to CAPM takes the
investors participation behavior in the market into account. Hence, investors
require a compensation for changes in the investment opportunity set. The returns
of the securities are normally distributed over multiple time periods and all future

consumption will be funded by these returns.
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As an alternative to the CAPM with softer assumptions, the Arbitrage Pricing
Theory (APT) was introduced by Ross (1976). The APT states that the
relationship between the asset and common risk factors can predict an asset’s
return. Ross (1976) describes that a linear combination of many independent
macroeconomic variables can explain the relationship between returns of a

portfolio and the return of a single asset.

Fama and French (1993) extended the CAPM due to its limitations in explaining
expected returns by adding two additional factors, related to firm size and book-
to-market equity, to better capture the differences in returns. Further, Carhart
(1997) introduced a fourth factor to the 3-factor model, momentum, to examine
the trends for stocks to continue to increase or decrease. Recently, Fama and
French (2015) introduced a 5-factor model, extending their three-factor model by

including profitability and investment as factors.

2.2 The Fama and MacBeth, Chen, Roll and Ross and recent empirical
approaches to explaining returns

Fama and MacBeth (1973) introduced a time series two-pass cross-sectional
(rolling) regression method to examine if the relation between expected return and
betas are linear (Jagannathan et. al., 2010). Firstly, by running a time-series
regression, estimates of the return’s exposure to the risk factors are obtained.
Secondly, the obtained estimates are applied using alternative cross-sectional
regressions for each period to provide the risk premia for the risk factors.
Consequently, this approach can be used to test the CAPM and an extended
version, i.e. with multiple factors (Cochrane, 2000, p. 245). However, this
approach introduces the errors in variables problem by using the estimated betas
in the second regression, which often are handled by grouping stocks into
portfolios following Black et. al. (1972) (Jagannathan et. al., 2010 p. 75).

Following the APT and the factor-analytic methods of Roll and Ross (1980),
Chen et. al. (1986) introduced an approach in which the two-pass cross-sectional
regression of Fama and MacBeth (1973) was applied. Chen et. al. (1986) tests
whether several observable macroeconomic variables, suggested by financial

theory that affects stock market returns, are rewarded. Among these suggested
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variables are the industrial production and the term premium. It is observed that
the suggested sources of risk are significantly priced. Further, it is concluded that
stock market returns are exposed to systematic economic news that can be

identified through rather intuitive financial theory, and priced accordingly.

Following Jorion (1990), Khoo (1994), Faff and Chan (1998), Faff and Brailsford
(1999), a multifactor market model relating an oil and gas stock index to several
macroeconomic risk factors is constructed in Sadorsky (2001). Among the recent
empirical studies conducted within the oil and gas industry that applies
multifactor models to estimate the exposure of oil and gas firms to several risk
factors are Sadorsky (2001), EI-Sharif et. al. (2005) and Boyer and Filion (2007).
Sadorsky (2001) firstly introduce a 2-factor model containing the monthly return
to oil prices and the monthly excess return on the market index. Further, Sadorsky
(2001) introduces a 4-factor model to avoid an underspecified model, by including
additional variables such as the CAD/USD exchange rate and the term premium.
This multifactor model is later adopted by El-Sharif et. al. (2005). Sadorsky
(2001) and El-Sharif et. al. (2005) both employ the same multifactor model to
examine the relationship between risk factors and oil and gas returns in Canada
and the UK, respectively. To examine Canadian oil and gas companies’ exposure
to related risk factors, Boyer and Filion (2007) adopts a similar approach to that of
Sadorsky (2001), but introduces a fifth common risk factor, the natural gas price
return and fundamental factors as well. Nevertheless, neither of these studies
concerns pricing the risk of the exposures, only the variance decomposition of the
returns. Hence, it is necessary to apply an additional step to obtain the risk premia

for the factors to be able to determine the expected return.

2.3 Risk factors

Which factor that explain the return of stock prices, i.e. the determinants of stock
market returns have been a debated topic in asset pricing for a long time. The
literature suggests numerous factors for explaining the return of stock prices, such
as the CAPM (Sharpe, 1964; Lintner, 1965; Mossin, 1966) and the multifactor
models proposed by Fama and French (1993; 2015), and Carhart (1997). For the
purpose of this paper, we will primarily focus on factors provided in studies

conducted on stock returns within the same industry, which is the oil and gas
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industry. We follow the suggestions of Roll and Ross (1980) and Kryzanowski
and To (1983) with five factors as sufficient to obtain a noteworthy explanatory

power.

2.3.1 Foreign exchange exposure

Sadorsky (2001) applies a multifactor model to investigate the relationship
between risk factors and Canadian oil and gas stock returns. The results indicate
that the returns of the Canadian oil and gas companies are sensitive to several risk
factors, including the CAD/USD exchange rate. More specifically, an increase in
the CAD/USD exchange rate decreases the return to Canadian oil and gas stock
prices. Further, EI-Sharif et. al. (2005) provides a similar research to that of
Sadorsky (2001) and examines the relationship between oil prices and equity
values in the UK. Their findings indicate that oil and gas stock returns are
impacted by changes in oil prices, the stock market as a whole and the GBP/USD
exchange rate to a lesser extent. In the UK, an increase in the USD exchange rate
is found to decrease the return. In similarity to Sadorsky (2001), Boyer and Filion
(2007) assesses the common and fundamental factors in stock returns of Canadian
oil and gas companies, and notably conclude that a weakening of the CAD against

the USD has a negative impact on the returns.

Further, Gjerde and Saettem (1999) investigates causal relations among
macroeconomic variables and stock returns in Norway by utilizing a multivariate
vector autoregressive approach. It is shown that the USD exchange rate seemingly
is important, due to its effect on both the Norwegian and international real
activity. In a more recent study, Kopytin (2014) assesses the influence of various
global and national factors on the stock market indices in Norway and Russia.
Using a VAR- approach, Kopytin (2014) finds that the changes in the Norwegian
index is determined by the USD exchange rate and the S&P500 stock index.
Hence, previous studies reveal different impacts of oil and gas companies’
exposure to the USD exchange rate both for the oil and gas industry in Canada

and the UK, but also on the stock market in Norway.
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2.3.2 Qil price

A great deal of studies has assessed the relationship between oil prices and returns
in the oil and gas industry, as the oil prices will directly affect the cash-flows for
the companies within the oil and gas industry. Chen et. al. (1986) found no
significant evidence that oil price risk was rewarded in the stock market. Further,
the reaction of stock returns in Canada, Japan, the UK and the US to oil price
fluctuations is examined by Jones and Kaul (1996) based on a cash-flow dividend
valuation model. They conclude that the reaction of the stock market in Canada
and the US are explained by the impact of oil shocks on cash flows, whereas the

results for Japan and the UK are inconclusive (Arouri and Nguyen, 2010).

Further, Huang et. al. (1996) applies an unrestricted vector autoregressive model
and do not find evidence of a relationship between the S&P500 market index and
the oil prices. Park and Ratti (2008) examines the relationship between oil price
shocks and the stock markets in the US and twelve European countries, including
Norway. It is concluded that the Norwegian stock market responds positively to
an increased oil price, whereas the US and the remaining European countries
stock returns are negatively affected (Arouri and Nguyen, 2010). Sadorsky (2001)
and Boyer and Filion (2007) examines the effect of oil price changes in stock
returns of Canadian oil and gas companies. The former finds evidence that an
increase in the oil price factor increases the return to the oil and gas stock prices.
Similarly, the latter finds that the stock returns are positively associated with
increases in the prices of crude oil. Furthermore, in a study on causal relations of
macroeconomic variables in Norway, Gjerde and Saettem (1999) concluded that
the strong dependency of Norway to oil is reflected in the stock market, which
responds rationally to changes in oil price, and that the oil price affects stock

returns.

2.3.3 Term premium

The risk emerging from changes in the interest rate is a common risk factor, due
to the relation to general macroeconomic conditions. Nevertheless, there is a
discrepancy in the literature regarding the impact of the interest rate to returns in
the oil and gas industry. The findings of Sadorsky (2001) and Boyer and Filion
(2007) indicates that the term premium has a significant negative impact on the

Page 6



GRA 19502

return of Canadian oil and gas companies. The term premium is computed
consistently to Harvey (1989), i.e. the difference in returns of a 3-month and 1-
month T-bill. Similar findings for the Norwegian stock market are presented in
Gjerde and Saettem (1999), where changes in the real interest rate are found to
immediately affect Norwegian stock returns. The results in EI-Sharif et. al. (2005)
exhibits a positive correlation between the term premium and the oil and gas
returns in the UK, nevertheless the result is not significant. Further, the findings
presented in Oberndorfer (2009) indicates that in the Eurozone the term premium

yields positive and significant effects on the oil and gas returns.

2.3.4 The market portfolio

A market factor as a part of either a multifactor model or a vector autoregressive
model is fairly common when investigating the sensitivity of the returns in this
particular industry. Examining oil and gas companies in Canada and the UK,
Sadorsky (2001), Boyer and Filion (2007) and El-Sharif et. al. (2005) finds
evidence supporting that an increase in the market increases the return. Boyer and
Filion (2007) further concludes with a noteworthy result: the market beta of
Canadian oil and gas firms is smaller than 1, i.e. the systematic market risk is
lower for the oil and gas firms than that of the average Canadian company. For the
Norwegian stock market, Kopytin (2014) suggests that changes in share
quotations are determined by changes in the S&P500 index, i.e. a proxy for the

market.

2.3.5 Natural gas price

Boyer and Filion (2007) concludes that the stock return determinants for firms
producing mainly oil and mainly gas are not the same. This may be due to the
direct effect a change in the price of natural gas will have on the cash flows for the
firms mainly producing gas. Hence, it might be beneficial to include the natural
gas price risk. Including the natural gas prices as an additional factor in the
multifactor models introduced by Sadorsky (2001) are among the main
contributions of Boyer and Filion (2007) to the literature on the financial
determinants of Canadian oil and gas company stock returns. Their findings
indicate that the influence of prices of natural gas on the stock returns increase
significantly between the two periods 1995-1998 and 2000-2002.
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3.0 Data

In the following sections, we will specify where we will gather the data needed for
the purpose of applying the multifactor models with the different risk factors. We
will examine data from the beginning of 2010 until the end of 2017, where the
pre-crisis period is defined from the beginning of 2010 until the end of 2013,
whereas the crisis period is defined as the beginning of 2014 until the end of 2017.
However, if the number of observations shows to be limited we need to readjust

our period of study which will depend on the dataset we will be able to gather.

3.1 Return on the Oslo Energy Index

We currently possess daily data for the Oslo Energy Index for the period January
2013 until January 2018, collected from Oslo Bgrs. However, as this data is
strictly limited to the official turnover in NOK, last, high and low, we find it
appropriate to examine whether it is possible to obtain more detailed data if
needed, in addition to a longer horizon. However, the OSLENX might contain a
limited number of historical operational data because the index was recently
created in June 2010 (e.g. Netfonds Bank quote the highest and lowest price since
30/6-2010). Bernt Arne @degaard is the contact person for students from Bl that
needs to obtain data for a period longer than 5 years. Hence, we will contact
@degaard to hopefully obtain the necessary data. We also have the possibility to
gain access to Oslo Bars Informasjon (OBI) through BI, which should provide us

access to these data.

Due to these limitations to the data on OSLENX, it is probable that we will create
a new portfolio consisting of Norwegian oil and gas companies. The companies in
the portfolio will be given weights according to their market capitalization each
year in the period of study. To focus specifically on oil and gas companies might
be more relevant as to draw a plausible conclusion, as the literature we apply on
the determinants of returns mainly concerns oil and gas companies. In such a
portfolio, we will primarily focus on big companies within the oil and gas sector
in which we can obtain a sufficient amount of data, such as Aker BP, Statoil,
Hydro, Fred. Olsen Production, Petroleum Geo-Services and DNO ASA. Further,
we are certain that obtaining data on these companies will not be an issue through

Oslo Bars Informasjon, Bloomberg or Infront.
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3.2 Return on the Benchmark Index

We will use OSEBX as proxy for the market return in this paper. OSEBX
comprise the most traded shares on Oslo Bars and adjusts for dividend payments.
In similarity to the OSLENX, we currently have daily data for OSEBX. We have
been able to obtain data since the launch of the OSEBX, i.e. for the period
December 1995 until January 2018, collected through Oslo Bers. This data is also
limited to the official turnover in NOK, last, high and low. If it is necessary to
obtain more detailed data for OSEBX, this should be possible through either

@degaard or OBI as mentioned above.

3.3 Exchange rate for USD

We currently have the daily exchange rates between NOK and USD from
December 1980 until January 2018. These data are obtained through Norges
Bank.

3.4 Interest rate variable
Further, we will use the the three-month treasury bills as a proxy for the risk-free
interest rate. Treasury Bills are considered as a reasonable and commonly used
proxy when applying asset pricing models. Data with the monthly average of
treasury bills for the period February 2003 until November 2017 are currently
available for download on the Norges Bank website. Nevertheless, if it is shown
that we need to obtain additional information on the term premium, data is
available from the Bloomberg terminal, which is available for students at BI.
Further, it is possible to compute the monthly yields as presented in equation 1:
i = (1 4+ My -1 (1)

where:

M

is the monthly yield for the risk-free rate

et is the annualized 3-month rate.

3.5 Oil prices
The monthly return on oil prices is another factor, which will be calculated by
using 3-month oil futures prices on Brent Crude Oil Futures, which is

denominated in US dollar. By using prices denominated in USD, Boyer & Filion
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(2007) suggest that this will enable us to identify and isolate the impact of
variations in the exchange rate independently of variations in the oil prices. Brent
Crude (or Brent Blend) is used rather than WTI, as European oil production tends
to be priced relative to this oil (Bjernland, 2009). We will obtain historical data on
prices for Brent oil futures through Investing.com. However, we will examine
whether other sources such as the US Energy Information Administration or

Bloomberg can provide data as well.

3.6 Natural Gas Prices

Boyer and Filion (2007) based their common factor model on Sadorsky (2001)
and takes into account a factor on the natural gas prices when assessing the
financial determinants of Canadian oil and gas company stock returns. As they
conclude that stock return determinants are different for firms producing mainly
oil and for firms producing mainly natural gas, we have decided to include the
return on natural gas 3-month futures prices as a common factor in our models as
well. We will obtain historical data on natural gas futures prices from

Investing.com. Similar to the oil prices, we will examine other sources as well.

4.0 Methodology

This research paper will primarily focus on gaining knowledge of several common
risk factors affecting the return on Norwegian oil and gas companies, similar to
earlier studies conducted for oil and gas companies within Canada and the UK
(Sadorsky, 2001; EI-Sharif et. al., 2005; Boyer and Filion, 2007). Therefore, the
methodology will be based upon several studies conducted within similar sectors,
such as Jorion (1990), Khoo (1994), Faff and Chan (1998), Faff and Brailsford
(1999), Henriques and Sadorsky (2001). Further, another approach to gaining
knowledge of the expected return of the oil and gas companies will be based upon
the methodology introduced in Fama and MacBeth (1973) and Chen et. al. (1986).

The expected returns of the stocks can be computed as shown in equation (2).
Hence, it is necessary to obtain the exposures of the stock returns to the risk

factors, as well as the corresponding risk premia.
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j=k
Expected Return = Riskfree Rate + Z B; (Risk Premr;umf-} (2)
i=1

These are classic linear regression models and will be estimated using the
Ordinary Least Squares (OLS) method. We will describe the single factor model,
multifactor models and common risk factors that will be applied in the following

sections.

4.1 The Sadorsky, El-Sharif and Boyer and Filion approach

We will apply a factor model that only takes the excess return of the market into
account. A single-factor model is often referredas the single-index model, as it
utilizes a market index to proxy for a common macroeconomic factor. (Bodie et.
al., 2014). For the purpose of this paper, the return on the Benchmark Index
(OSEBX) is used to proxy for the market return. Therefore, the following

regression is applied:

Ry =t + B Ry + & (3)

where Ritand Rmt are the excess returns on the stock and the market index,
respectively. Further, o is the constant term and et are the residuals. The
parameter Bm represents the market beta, i.e. the stock return’s sensitivity to the

market index.

Further, we apply multifactor models based on Jorion (1990), Khoo (1994), Faff
and Chan (1998), Faff and Brailsford (1999), Henriques and Sadorsky (2001),
Sadorsky (2001) and Boyer and Filion (2007). Hence, we assume that the
variation of stock prices of Norwegian oil and gas companies are associated with
variations of risk factors as identified by these authors. The equations (4) and (5)
are standard market models augmented by an oil price factor and a natural gas
price factor, respectively. Equation (4) has been used in earlier asset pricing
literature, in addition to several oil related studies such as Chen et. al. (1986), Al-
Mudhaf and Goodwin (1993), Faff and Brailsford (1999), Hammoudeh and L.
(2004) and Nandha and Faff (2008). Equation (5) is a similar model, but the oil
price factor is substituted by a natural gas price factor to capture the stock returns

sensitivity to price changes in natural gas. Equation (6) contains the market factor,
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oil price factor and the natural gas factor, whereas equation (7) is similar to those

of Sadorsky (2001) and Boyer and Filion (2007). The following regressions are

applied:

Rjy = + R + BoRoe + & (4)

Ry = +f Roi+ BucBuce + & (5)

Ry = + BpBime + BoRoe + BucBuge + & (6)

Rip = + B Ripe + BoRoe + BugRuge + BipRepe + BeRee + & (7)

where Rit is the excess return on the oil and gas stocks, Rmt is the excess return on
the market, Rot is the return on the oil price futures, Rnat is the return on the gas
price futures, Ript is the term premium and Ret is the change in the USD/NOK

exchange rate.

Running these regressions will yield the exposures of the oil and gas stock return
to each risk factor. Further, to be able to examine how the risk factors affect the
stock returns, it is necessary to compute the risk premia for the factors. However,
we have not yet found the optimal model to compute these to obtain a comparable
result to the approach of Fama and MacBeth (1973) and Chen et. al. (1986).

4.2 The Fama-MacBeth and Chen et. al. approach

Further, a multifactor model based on the two-pass cross-sectional regression
method used in Fama and MacBeth (1973) and Chen et. al. (1986) is applied.

In the first part, the betas are estimated using time series regression. The factor
loadings or exposures for a portfolio or asset to the m risk factors are obtained by
regressing the individual portfolio’s or asset’s return on the factors using the

regression:
Rn.z =oint ﬂn.!—‘lpl.r + ﬁn,r‘ipz,r + e ﬁﬁ.FmFm..! + Eny (8)

where Rnt is the return of the portfolio or asset i (n total) at time t, Fm are the risk

factors and Bnrm are the exposures (IHS EViews, 2014).

Further, the second part examines the relation between the estimated betas and

returns using cross-sectional regression. Regressing the returns on the obtained
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betas in the first step yields coefficients for the risk premium for each risk factor.

The following regression is applied:

Riz =¥+ ¥y Bir1 + ?nlz.S[.Fz +o + }'n,mﬁ:'fm + Eir (%)

where the returns R are similar to that of step 1, 3 the is the estimated factor
exposures from step 1 and vy are the coefficients that is further used to calculate the
risk premium for each factor. Lastly, to obtain the expected premium for a unit
exposure to each factor, the average of the computed risk premium coefficients is
used (IHS EViews, 2014).

4.3 Risk factors

The dependent variable in our models is the monthly excess returns on the
OSLENX index, i.e. the share price in excess of the 1-month treasury bill rate.
This is calculated similarly to Henriques and Sadorsky (2001), Sadorsky (2001)
and Boyer and Filion (2007):

R;, = OS5LENX monthly return — 1lmonth treasury bill rate (107}

As mentioned under the data section, we reserve the right to change the dependent
variable to a portfolio of large Norwegian oil and gas companies. In this case, the
OSLENX monthly return in equation (10) will be substituted by the monthly
return on the portfolio.

A factor in our models is the monthly excess return on the market index, i.e. the
price in excess of the 1-month treasury bill rate. The Benchmark Index (OSEBX)
will be used as a proxy for the market return, calculated as:

R; = OSEBX monthly return — 1lmonth treasury bill rate

The monthly growth rate of the exchange rate between NOK and USD is another

factor in our models. The monthly growth rate will be calculated as:

NOK
_ {(Exchange rate W)r 1
et —

NOK
(Exchange rate W)f i

(1)
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In the application of asset pricing models, three-month treasury bills are
commonly used as a proxy for the risk-free rate. As we are examining the monthly
excess returns on the OSLENX and OSEBX, these may be in excess of the 1-
month treasury bill rate. Further, the interest rate variable, i.e. term premium,
following Sadorsky (2001), EI-Sharif et. al. (2005) and Harvey (1989), is
calculated as the return on the premium between the annual yield 3-month

treasury bill and the yield on the 1-month treasury bill, as shown in equation (12).
(12)

We depart from using spot prices as Sadorsky (2001) suggests that spot prices are
affected by short-run price fluctuations to a greater extent. We will compute the

monthly return on the oil prices using the formula as shown in equation (13).

_ (Futures price of Brent Crude oil barrel in USD),
 (Futures price of Brent Crude oil barrel in USD),_, 13
p t-1 (13)

ot
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