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Abstract
In this study spot and one month forward contract prices are researched. It is demonstrated that the risk premium for a one month forward contract is very high and that the convenience yield is relatively low in winter months, so that both theories are not optimal. The forward price has a more important influence on the spot price than the lagged spot price and the forward basis has influence on the spot price change. As the forward price has power to forecast the future spot price it does not agree with the theory of storage.
Variance and skewness solely have no significant influence on the risk premium theory, but on the convenience yield they have. Variance and skewness have significant additional information together with other variables for convenience yield and the risk premium, the signs are as described by Bessembinder and Lemmon (2002) and variance and skewness can be replaced by the forward basis for the risk premium. 
The reservoir level is the most important variable and all variables that are tested are best at the moment of trading for the convenience yield. The risk premium is mainly influenced by the spot price change. Inflow, consumption and reservoir level are important dependent physical variables for both the convenience yield and the risk premium. The estimated spot price change, inflow and consumption are unknown variables wherefore the market participant expects a risk premium for the risk he bears. Other variables like reservoir level, skewness and variance are known at the moment of trading and when those are lower (higher for skewness) the market participants expect a higher risk premium. 
The convenience yield can not be used by itself because of the forecast power of the forward basis, but the convenience yield, the inverse of the forward basis, has additional information for the risk premium and can add information next to the other financial and physical variables.
Keywords: Futures pricing, electricity, theory of storage, convenience yield, risk premium
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Chapter 1
Introduction

Futures markets have become more and more important for the risk management of electricity producers, generators, and the consumers or load serving entities (LSEs). The largest power, electricity, derivatives exchange is the Nordic Power Exchange, Nord Pool (NPX). Scandinavia, where Nord Pool started, is one of the regions of the world that has the longest experience with a restructured power market. Futures contracts have been traded at NPX since 1995. Since October 2000 the markets served are Norway, Sweden, Finland and Denmark. The NPX has three marketplaces; Eltermin, Elspot and Elbas. The futures, forwards and options are traded at the Eltermin market and are purely financial contracts at the NPX, there is no physical delivery. Physical delivery takes place on the spot market, named Elspot, and is in reality a day-ahead market and Elbas is the intra-day market (Nord Pool, 2010). 
Nord Pool (NPX) is a market with a high share of controllable hydropower in the system. More than 55% of the generated electricity is based on hydropower (Gjolberg & Johnsen, 2004; Nordel, 2008). This makes NPX a different market than other thermal markets. Hydropower makes it easy to regulate the generation on short notice. For this reason the spot price of electricity varies less over the day than in pure thermal systems (Botterud et al., 2002). More characteristics will be explained about the NPX market in the following chapters.

The research will focus on electricity spot and futures of the NPX Market. Electricity is a particular commodity, calculating the forward price has to be done in a different way than by other commodities due to the non storability of electricity. Electricity cannot be economically stored directly in suitable quantities. Due to this non direct storability market clearing prices are volatile and there are occasionally spikes, as inventories cannot be used for to smooth supply or demand shocks. In other words price dampening effects of stocks are lacking and there is the necessity of an exact match of supply and demand. The absence of storage allows for predictable inter temporal variation in equilibrium prices (Bessembinder & Lemmon, 2002). The non storability means that the no-arbitrage approach to pricing derivative securities of electricity cannot be applied in the usual cost-of-carry method. Cost-of-carry is the cost of holding a position. Normally you can arbitrage the forward contract by purchasing the asset at spot price, t=0, and storing it for subsequent sale at the forward price at t=1, such that it doesn’t matter when you take the forward contract or buy the asset at t=0 and hold it until t=1. Due to the non storability this is not possible with forward contracts for electricity. 
On the other hand power plants can store electricity indirectly by storing the underlying fuels to have the flexibility in production, like gas storage in salt caverns, aquifers and depleted gas wells or by hydro-power due to water storage in reservoirs. Producers owning storage facilities benefit from the varying electricity prices and use their production flexibility most favorably, since they have the option of selling immediately, alternatively it is possible to store the water and sell electricity later or sell it in the futures market (Botterud et al.,2009). Due to this indirect storability Botterud et al. (2009) argue that the theory of storage costs and convenience yield is also relevant for electricity on the NPX market because of the high share of hydropower with the large reservoirs as storage in the market. They make the assumption that spot and futures prices are known and that the producer does not face risk of overflow from reservoirs by storing the water. In this case the options are risk-free and must yield the same risk-free return, so that the theory of storage is applicable (Botterud et al., 2009). Gjolberg and Johnsen (2004) also did research about the spot and futures relationship with storage at the NPX market and used seasonality in their research, but didn’t research the forecast power and didn’t compare the theory of storage with the expectations, risk premium, theory.
Research statement 

The problem definition of this thesis will be: The theory of storage is equally relevant for the NPX electricity market as the expectations theory.
Research motivation and relevancy 
The research motivation of this thesis encompasses the ability to forecast the forward price in line  with the theory of storage than with the expectations theory. Fulfilling this research gives a better insight in the relevance of the theory of storage in the electricity market of the NPX. By taking into account physical influences like reservoir levels on the future spot and futures price. The core of this research is contributing to the process of theory of the NPX market to improve the market operations.
Thesis content

The content of this thesis is organized as follows: Chapter two will give an overview of the existing literature. Chapter three describes the data and chapter four shows the set up of the methodological analysis plan to test the presented research propositions. After this chapter five presents the findings of the proposed analyses. Finally, chapter six is about the implications and conclusions of found similarities and ambiguities in this research. This chapter concludes the research with a discussion of the findings, their implication for theory and measurements development and other future research interest. 

Chapter 2
Literature Review
The second chapter of this thesis proposes the theoretical foundations to the research question. Also a start of the explanation of the equations which will be used in this thesis will be done. The first section introduces the theoretical concepts of the seasonality in the NPX market.  The second section summarizes what the conclusions were from earlier research about the forward contract and the spot price relationship. In the third section risk premium and convenience yield are explained and the characteristics of the NPX forward market are described. At section four the assumptions underlying the theory of storage are explained. Section 5 introduces the important variables for the energy market variance and skewness and the equation of the paper of Bessembinder and Lemmon from 2002. And the last section, section 6, describes important conclusions on the research of indirect storage.
2.1 Seasonality

In the Nordic Market seasonality is an essential characteristic of electricity prices due to forces on both the demand and the supply side. The supply side relies on Norwegian and Swedish hydropower plants that receive high levels of inflow (the flow of water into reservoirs) from May until October from precipitation and snow that melts in the mountains. The seasons for the futures NPX market were early winter, 1 January-30 April (week 1-16), summer, 1 may-30 September (week 17-40), and late winter 1 October-31 December (week 41-52). This  however is changed to quarters, but the former seasons give a good insight in the seasons in Scandinavia. In the summertime there is more inflow into the reservoirs than generation for consumption and in early and late winter it is less. 
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Figure 1. Monthly average reservoir inflow and hydro generation NPX market.
This seasonality makes the price volatility higher on yearly basis. The seasonal price fluctuations tend to be higher than at other commodities due to the variations in inflow to the reservoirs and this is strengthened by consumption because of the demand for electricity power for heating purposes in the wintertime. This is plotted in figure 1 by monthly reservoir inflow and electricity generation. The amount demanded by consumers is generated, so consumption=generated electricity. 

The seasonality of figure 1 is also clearly visible in the amount of water at the reservoir level. Figure 2 shows the reservoir level in percentages and shows a distinct seasonal pattern of the reservoir level. In summertime the reservoir gets a lot of water inflow, but during wintertime there is insufficient inflow and the water reservoir is in greater demand.
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Figure 2. Reservoir level of Norway, Sweden and Finland 2000-2008

Botterud et al. (2002) show that when the reservoir level is lower than normal for a couple of months, the spot price is much higher and they state that this can be explained from the low inflow that year. With this they illustrate how dependent the prices are upon the hydropower generation in the region. Kristiansen (2004) adds that prices of contracts depend on the inflow in a year and that inflow (the lack of it) is an important factor in creating transmission congestion. From theory it is expected that the futures market exhibits backwardation with positive net convenience yield in winter periods and contango with negative convenience yield in summer periods. The convenience yield is positive when the spot price is expected to decrease due to the reservoir level and consumer demand (from winter to summer) and negative when the spot price is expected to increase (from summer to winter) (Botterud et al.,  2009).
2.2 Relationship Spot prices and futures at the NPX market
Electricity prices are strongly dependent on generation costs. Current spot electricity prices influence forward prices at the NPX market, most likely due to the high amount of hydro storage (Redl et al., 2009). Redl et al. (2009) compared spot price at delivery period, ST, with forward price, Ft,T. It is  found that spot prices can be explained easily by their own lagged prices (sT-1 => ST) whereas lagged forward prices do not significantly influence spot prices (Ft,T ≠>ST). On the other hand, forward prices can be explained by their own lagged values and lagged spot prices which indicate pronounced adaptive price formation(ST-1& Ft,T =>FT). So spot prices in the trading period of the forward contracts are relevant for price formation of the forwards whereas the opposite is not true. Hence, it is concluded that the predictive power of the forward price is weak (Redl et al.,2009). Gjolberg and Jonhsen (2004) did research with absolute, change and relative change with ST as dependent variable and (Ft,T-St) / St  as independent variables and came to the conclusion that the future price is a poor predictor. 
2.3 Normal backwardation and contango

Fama and French (1987) researched commodity futures prices in their famous paper “Commodity futures prices: Some evidence on forecast power, premiums, and the theory of storage”. They examined two models, the theory of storage and the risk premium theory (the expectations theory). Fama and French’ theory of storage has the equation:
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Where 
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 is the forward basis.

The theory of storage predicts that the return from purchasing the commodity at t and selling it for delivery at T, Ft,T-St, equals interest , St rt,T, plus the marginal storage cost, ut,T, less the marginal convenience yield from an additional unit of inventory, yt,T.

Fama & French’ risk premium theory has the following equation:
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By this equation the difference between the futures price and the current spot price can be expressed as the sum of an expected premium, pt,T ,and an expected change in the spot price, where the expected premium is defined as the bias of the future price as a forecast of the future spot price, Ft,T-E(ST) (Fama & French,1987). In terms of the expected future spot price and a corresponding risk premium, the equation can be expressed as:
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Where rt is the risk free rate and it the appropriate risk-adjusted discount rate for the commodity.

This makes the following equation for estimating the risk premium:
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Fama and French (1987) found in the commodity markets that they researched, like wood, metal, agriculture products etc., that there is a zero or a positive risk premium, normal backwardation. 
Pindyck (2001) studied the same for crude oil and came to the conclusion that the market was in backwardation and particularly when the variance of the spot price is high. In other words that the spot price at delivery is equal or higher than the future price. This is when an overweight of risk-averse producers hedge their products in the futures market and this results in futures prices lower than the expected spot price, because the producers get a little less for their products for the certainty, the consumer gets a risk premium for dropping the flexibility.
 Put differently a futures contracts is a mean to transfer risk to those who are able and willing to bear it, the party transferring risk achieves price certainty but has to pay a premium for it (Kristiansen, 2004).

A different view is considering the futures contract like other financial assets. If the futures contract is positively correlated with the stock market or the underlying spot price, holding the futures contract involves positive systematic risk and an expected return above the risk-free rate is required (Kristiansen 2004).

However Botterud et al.(2002) and Gjolberg and Johnsen (2004) found that the futures prices for electricity  at the NPX market on average exceeds the actual spot price at delivery. Hence, there is a negative risk premium in the electricity futures market, contango. This deviates from the other commodity markets, which normally are in normal backwardation. The electricity forward market is in contango due to the characteristic difference in supply and demand. The demand side is probably more risk averse, consumers of electricity may prefer to pay a fixed price and don’t want to have the risks of the possibility of electricity price spikes and pay a risk premium for the forward contract. 
This explained with the theory of storage; the supply side has water reservoirs and thus more flexibility, producers have the convenience of water storage. Due to the reservoirs the generators have the flexibility to produce power when the electricity price is optimal for them and can adjust the generation on a very short notice. For this reason the producers do not want to hedge their production in the forward market and expect for a fixed contract a price higher than the expected spot price at delivery (Kristiansen 2004). In contrast consumers don’t have that convenience, because electricity is not storable for consumers, so they have to pay more for the forward contract. Botterud et al. (2009) conclude that the risk premium is driven by the same variables influencing price formation as net convenience yield at the theory of storage.
In brief; the reservoirs give the producers a positive convenience yield, so a negative convenience yield (negative risk premium) for the electricity futures market and the risk premium can be traced back to the concepts of storage costs and convenience yield for the commodity. The two theories are not mutually exclusive (Fama & French 1987; Botterud et al., 2009).
2.4 Storability and underlying assumptions theory of storage
Due to the limited storage capacity and flexibility at the NPX market there are periodic variations in price. Wolfgang et al. (2009) mentions that the reservoirs can store approximately 70% of the normal annual inflow, and from my own calculations the average storability from 2000 until 2008 is 66%. As mentioned in the introduction Botterud et al. (2009) makes the assumption that there is no risk of overflow. Since the reservoirs can store 70% of the annual inflow and the maximum of the reservoir level never went beyond 95%, it is plausible that the inflow is controllable and that there is no risk of overflow. The other assumption that is made by Botterud et al. (2009) is that all prices are known. As the producers are the ones that can best estimate and control what the price of the spot will be in the future and what the futures price will be, this assumption of Botterud et al.(2009) sounds also plausible.
2.5 Variance and Skewness
Bessembinder and Lemmon (2002) calculate the risk forward premium in a different way than Fama and French (1987). Their equilibrium model makes use of variance and skewness to estimate the risk premium. The equilibrium model relies on the assumption that prices are determined by industry participants and that electricity cannot be stored. “The forward risk premium is in the model a function of the difference between two covariance terms that can be related to the variance and skewness of spot power prices.” (Bessembinder and Lemmon, 2002; p.1350) In other words Bessembinder and Lemmon (2002) present an equilibrium model whereas the forward premium is a function of the variance and skewness of the spot price. They derive the premium in the model of risk averse buyers and sellers; the forward premium rises and falls to maintain equilibrium between supply and demand for forward contracts. The possibility of price spikes creates positive skewness in the perceived distribution of the electricity spot price. So following Bessembinder and Lemmon (2002) the forward premium equation is; 
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where 
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>0. Both parameters increase in absolute value with risk aversion and with the 
convexity of the production cost function. However Redl et al. (2009) found for the NPX market for monthly futures that variance and skewness are not significant and an adjusted R2 of 0.02.
Variance and skewness can also be used for the convenience yield calculations. Pindyck (2001) argues that volatility has a positive influence on the convenience yield and Botterud et al. (2009) found in their empirical tests significant variance and skewness for the NPX market for 1 week and 6 weeks futures. More over variance and skewness with addition of other variables will be discussed in the next chapter.
2.6 Indirect storage

Douglas and Popova (2008) went further with research on the electricity forward premium by using Bessembinder and Lemmon’s (2002) equilibrium approach model. Douglas and Popova (2008) developed a test model describing the influence of natural gas storage inventories and temperature on day-ahead forward electricity prices. The model of Douglas and Popova (2008) uses according to Bessembinder and Lemmon (2002) variance and skewness and added cooling degree hours, heating degree hours, gas storage inventories and interaction variables in the regression. 

They confirm that the forward premium is related to variance and skewness. Furthermore, the increasing gas storage inventories decrease the forward premium as the likelihood of price spikes in the real-time spot market decreases. The two most important conclusions related to inventories:

· “The information about gas inventories adds information to electricity price analysis beyond the information contained in the temperature data by itself.” (Douglas and Popova ,2008; p.1762)

· “The electricity forward premium is limited by the availability of gas storage inventories, but only in times of relatively high demand for electricity and low space-heating demand for gas.” (Douglas and Popova ,2008,;p.1712-1713,)

Bloys van Treslong and Huisman (2010) concluded in their research that the choice of the BL model, the input of variance and skewness, or Fama and French’ (1987) Forward basis: 
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does not cause many outcomes to differ. So they concluded that for the research of Douglas and Popova (2008) also the forward basis could have been used.

Routledge, Spatt and Seppi (2001) argue that due to the conversion option of gas and other fuels to electricity, the theory of storage can also model goods which are not directly storable. “As a result of the conversion option, an equilibrium theory of basis spreads across commodities is derived.” In other words storage-conversion equilibrium exists.

The correlation between electricity and potential fuel prices like oil and natural gas are not constant, but depend on the exogenous demand state and endogenous inventory level. For instance, when the price is very high, or the generation of electricity is done by other more expensive fuels, than when the price is low and the more expensive fuels are not used because they are not cost-effective enough. RSS calls this a multi-commodity framework. So from Routledge, Spatt and Seppi (2001) it can be concluded that the research of Douglas and Popova (2008) could also have been done via the theory of storage. Theory of storage is used by Botterud et al. (2009) and this research will be used in the methodological part, Chapter 4.
Chapter 3
Data 

In this chapter the data that is used will be described. Firstly the financial data will be explained following by the physical data. 
The dataset that is obtained includes the daily quoted Nord Pool spot price, future price and realized spot price. The spot price is the day-ahead price on 24 hours base; the daily system price of the Elspot market at the Nord Pool spot and is quoted seven days a week. The daily system price is the average of 24-hours hourly prices of one day-ahead of the Elbas market, the intra-day market (Nord Pool, 2010).
The forward prices at the NPX market are of monthly (one to six months ahead), quarterly (three to seven quarters ahead) and yearly (one to three years ahead) futures and have a quote five days a week. In this research only the one month forward contract is used. At the NPX market the forward contracts have as reference price the spot price, this is as mentioned above the actual day-ahead price. So underlying the forward price is the day-ahead price at the Elspot market.
 The realized average spot price in delivery period, ST, is the average day-ahead price of all days in a period. The data is from 2005 until 2008.

From Nordel weekly reservoir level and monthly generation and consumption are taken from their annual statistics. Inflow is calculated by monthly change of reservoir level in gwh plus generation of hydropower in gwh in that month. Import and export is included in the consumption and generation. This is an advantage for the regression in a later stadium, because it should not matter for the producers that they sell and produce their electricity for the internal market or for export.
The reservoir level is taken from the three countries that have reservoirs and are relevant for the Nord Pool market; Norway, Sweden and Finland. The variable consumption is calculated by the sum of all generation methods from Norway, Sweden, Finland and Denmark.
Chapter 4
Methodology

In this chapter the empirical models with the expectations will be explained. First at subchapter 4.1 the methodology of the tests of the relationship between futures and spot price is described. Due to exploring this relationship we want to see if there is a preference for which theory to use for the NPX market. At subchapter 4.2 the tests that will be redone from the theory chapter are explained and the expectations of the model will be formulated and at subchapter 4.3 the tests of what influences the convenience yield and the risk premium at the NPX market most are researched and are improvements added.  
4.1 Futures and spot price relationship
In this subchapter it will be explained how forward basis and forward bias is calculated. The forward basis and the forward bias are important as forward basis is the same as the inverse of net convenience yield with futures that have a short term, and the forward bias is equal to the inverse of the risk premium at the NPX market. In this subchapter it will be explained how these two relations are calculated and it will give an introduction to subchapter 4.2 Convenience yield and risk premium.
The methodology starts with the Forward basis. In Chapter 2.3 an explanation is given as to what the forward basis is and what it stands for. The relative forward basis will first be researched. This is the forward basis, 
[image: image14.wmf]t

T

t

S

F

-

,

, divided by the spot price, which makes 
[image: image15.wmf]t

t

T

t

S

S

F

/

)

(

,

-

. The relative forward basis is researched so that it can be compared with the calculations from 1996 until 2002 of Gjolberg and Johnsen (2004). 
After this tests will be done whether futures prices have the power to forecast future spot prices. First using the VAR model and after this by the equations of Fama and French. To better research the interrelation of the realized spot and future prices, the vector auto-regression (VAR) is used. The unrestricted VAR model is used to forecast systems of interrelated time series as the estimation and inference are complicated by the fact that variables can be on both sides of the equation. The VAR approach sidesteps the need for structural modeling by treating every endogenous variable in the system as a function of the lagged values of all of the endogenous variables in the system (Eviews, 2004). The mathematical representation of VAR is:
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(6)
Due to the VAR model, conclusions can be made about the influence of the variables on each other. The VAR model is different than the model used by Redl et al. (2009); Ft,T is known earlier than ST, namely at period t, so ST is equal in regard to time as FT,T+1, consequently ST is influenced by lagged ST and Ft,T and is FT,T+1 influenced by ST-1 and Ft,T . Therefore it is expected that the R2 is lower for the second equation, and the t-statistic scores will be higher for the forward prices and lower for the spot prices.
To draw conclusions about the forecasting power of spot and futures prices and the VAR model, equation (6), Fama and French (1987)  will be used to make things more clear. Fama and French (1987) use two equations, the regression of the change in the spot price; 
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When 
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 is positive and significantly different from zero, it means that the basis observed at t contains information about the change in the spot price from t to T; the futures price has the power to forecast the future spot price. Additional to this Bloys van Treslong and Huisman (2010) mention that for agreement with the theory of storage beta should be zero, because the futures price reflects the current spot price, interest rates, storage costs and the convenience yield and is not based on forecasts of the expected future spot price. So it is expected that at the NPX market beta will be not significantly different from zero. 

Gjolberg and Johnsen (2004) use the following equation for the relative spot change: 
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(7b)

The spot price change and the relative spot price change will also be done with the seasons summer and winter, where dummy,
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, summer will be one and winter will have value zero. The regression with the summer dummy is; 
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(7c)
The other equation of Fama and French (1987) considers the premium on the basis;
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(8a)

Evidence that 
[image: image23.wmf]b

 is positive, significantly different from zero, means the forward basis contains information about the premium to be realized at T; predictable variation in realized premiums is evidence of time-varying expected premiums. It is expected that this beta is significantly different from zero as the expected premium reflects the dependence on interest rates, storage costs and convenience yield that changes over time. The betas of equation (7a) and (8a) must sum up to one, so it is not possible that both betas are close to one or close to zero. 
The forward basis will also be used to perform the test of Bloys van Treslong and Huisman (2010) to compare 
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 with variance and skewness of the model of Bessembinder and Lemmon (2002) to see what the beta of the forward basis shows and to see if outcomes differ. The equation changes from equation (5); 
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(8b)
Which is the same as equation (8a), the risk premium is the difference between the forward price and the spot price at delivery. For storable assets, the estimate for the beta is expected to be close to one, whereas for not perfectly storable assets the estimate for beta is smaller than one as the forward basis reflects information about the to be realized risk premium (Bloys van Treslong & Huisman 2010). 
The model of Bessembinder and Lemmon (2002) at this research is differently computed than in their paper. The equation is the same, however in their model the spot price is the real-time price, and the forward contracts of the markets that are researched have as a reference price the real-time price. As mentioned at Chapter 3 Data, at the NPX market the futures reference price is the underlying day-ahead price. The underlying day-ahead price is at the Elspot market the spot price. As the research is about the one month futures price the reference price is the (one-day ahead) daily spot price. The daily system price is the average of 24 hours. So skewness and variance are first calculated over the quote day of the future price until the day-ahead price on quote day on a daily basis. In other words the hourly skewness and variance is omitted as the day-ahead system price is the average price of the hour prices and so there is no risk of a sudden peak at the day-ahead price. Besides since at a forward contract of one month the delivery is also of a full month and not a one moment price, like at other derivatives, the hourly fluctuations are expected to be less important. However the hourly skewness and variance will be used to research the convenience yield and the risk premium to see if there is an impact on the convenience yield and the risk premium at the one month forward contract and to compare the hourly skewness and variance to daily skewness and variance. Botterud et al. (2009) used the hourly prices and found that for the convenience yield together with other variables variance and skewness were significant. The model of Bessembinder and Lemmon (2002) will probably work better at the Elbas market, the intra-day real-time, market, but one day-ahead forward contracts are beyond the scope of this research and the Elbas market is a different market than the Elspot market.
The paper of Bessembinder and Lemmon (2002) is used in many other research papers. Like Redl et al. (2009) that expands the test of variance and skewness for the NPX market with generation and consumption for the risk premium. Yet none of the variables are significant at the regression of Redl et al. (2009). As generation is equal to consumption in the dataset the model is only with total consumption of the NPX countries Norway, Sweden, Finland and Denmark. The consumption is just like at the research of Redl et al. (2009) calculated as monthly consumption minus average consumption, however this shows no difference in results if the absolute numbers would have been used, as in regressions this is the same. 
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(9)
Redl et al.(2009) researches the forward bias,
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, and as the forward bias is the same as the inverse of the risk premium, the research is done for the risk premium so that it can be more easily  compared to the model of Bessembinder and Lemmon (2002). As in equation (4) the forward bias is the same as the inverse of the estimated risk premium:
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In the next chapter first the related convenience yield methodology is explained and after this the equations are extended by other variables. 
4.2 Convenience yield and risk premium
As mentioned earlier, when inventories are low in relation to expected demand the convenience yield tends to be larger than the sum of capital costs and storage costs (cost of carry), resulting in a positive net convenience yield. In that case, the future-spot spread, called the basis, Ft,T – St will be negative. Vice versa the basis is positive, so high inventories show negative net convenience yield (Gjolberg & Johnsen, 2004).
Botterud et al. (2009) researched the theory of storage for the electricity market by using the indirect storage possibilities of electricity; they did this by studying the relationship between spot and future prices and the link with hydro inflow, reservoir levels and electricity consumption by empirical research. 

Botterud et al. (2009) took the NPX market and as the NPX market in 2008 is for approximately 58% hydro generated there could be a need for a multi-commodity framework. However in the augmented model they only research the hydro generation variables and they don’t research the influence of thermal and nuclear power generation that both generate 20% of the Nordic market (Nordel 2008). 

They rewrite Fama and French (1987) equation (5) to:
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(10)

Botterud et al. (2009) assumes a zero interest rate, because they only use holding periods of one to six weeks, which is considered to be reasonable. The convenience yield is estimated together with the cost of storage; net convenience yield = convenience yield – cost of storage. The formula 
for the net convenience yield is than:
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(11)

where St is average spot price in week t and Ft,T is the futures price in week t for contract with delivery in week (t,T). The difference with the risk premium model is that ST is changed to St, no expectation of the future spot price is needed. The convenience yield is thus the inverse of the forward basis.
The cost of storage is different than of other commodity producers. The construction of reservoirs typically requires very large investments, but once the reservoir is built, the marginal cost of water storage is zero as long as the reservoir capacity is not fully utilized. When the reservoir is full and there is overflow than the marginal storage costs go from zero to the lost proceeds from not using this water. The value of non-utilized water equals the prevailing spot price (Gjolberg & Johnsen, 2004). The convenience yield is positive when producers are concerned about the supply situation, when the reservoirs are low given the expectations for future net inflow. Gjolberg and Johnsen (2004) mention future net inflow instead of reservoir level. The future net inflow is expected inflow (precipitation and/or melting snow) minus electricity generation (water used for electricity production).
In summer, when reservoirs are high, the convenience yield is zero and the cost of carry is limited to the capital costs. In the situation that reservoir levels become very high and that there is a probability larger than zero that the reservoir reaches the maximum; the spot price is increased by the probability multiplied by the expected spot price (Gjolberg & Johnsen, 2004). This can be summarized in the equation: 
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(12)

where Prob. is the probability of reaching maximum (overflow) before T. The model is the same as the model of Botterud et al. (2009), where storage cost represent the financial risk of overflow.
Botterud et al. (2009) investigates the relationship between convenience yield/risk premium and explanatory variables. The explanatory variables are physical variables like reservoir level (res),deviation from average of reservoir inflow (infd), deviation from average of electricity consumption (consd) and financial variables like spot (price), variance (var) and skewness (skew), this gives the equation;
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(13)
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Reservoir level, consumption deviation, variance and skewness are significant in their research. These are variables that have the highest influence on the convenience yield. The average spot price is not statistically significant, but they argue that it may be economically significant because an increase in price is likely to significantly decrease the convenience yield. Botterud et al. (2009) is in this supported by Redl et al. (2009) that concludes that spot prices are a significant adaptive component for electricity futures.
The regression is also done for the estimated risk premium, 
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(14a)


[image: image39.wmf]*

4

b

+

PRICE
[image: image40.wmf]t

t

t

SKEW

VAR

*

*

6

5

b

b

+

+

 

The risk premium regression shows which variables cause most of the risks in the forward contract. The variables that have the highest significance have the highest economic influence in the risk premium. The significant variables are reservoir level, inflow deviation, consumer deviation and average spot price. The significance of reservoir level, inflow deviation and consumer deviation indicates that the market participants are not fully aware of this information at the time of trading, and that some of the deviations are unexpected causing a risk premium. The average spot price is negatively significant and can be explained by the high correlation. Because of the high correlation a risk premium is expected as mentioned above in ‘relationship to spot prices and futures at the NPX market’.
The conclusion of Botterud et al. (2009) is that the relationship between spot and future prices is clearly linked to the physical state of the system, such as hydro inflow, reservoir levels, and demand.
To improve the proportion of variance which is being accounted for, there are a few improvements that will be researched. For instance, when it is expected that reservoir level change is more significant than inflow, due to the fact that reservoir level change is inflow minus hydro consumption. In this case, the variable reservoir level change gives more information than inflow and that consequently the significance improves when the additional information is relevant. 
Reservoir level should be compared with average reservoir level of that month because Botterud et al. (2002) demonstrated that when the reservoirs were relatively low the spot price went up and when the spot price increases, the convenience yield should also increase, as Pindyck (2001) also mentions. Resulting in that relatively low reservoir levels creates stress and thus the convenience yield should increase .

The last improvement is to add a dummy for the summer months in more regressions, as is mentioned in chapter 4.1. The dummy creates a better separation between summer and winter. For example it gives a better insight as to what a decline of the reservoir level in wintertime and in summertime does for the convenience yield, since in summertime a decline is required against overflow however, in the winter they need to save as much water as they can, so that a decline in reservoir level in wintertime is achieved by optimization of the best price. 
Chapter 5
Results

In this chapter the results of the analyses are presented. Section 5.1 shows the result of the research on the forward basis and the forward bias and these results are compared with earlier research. After this, the convenience yield and the risk premium are researched. In section 5.2 the tests with realized spot price in relation with the forward price are shown. Section 5.3 starts with simple regressions of the model of Bessembinder and Lemmon (2002) compared with the forward basis and is enhanced with variable combinations that are discussed by Redl et al. (2009) and Botterud et al. (2009). Section 5.4 shows the results of the research of the variables on the convenience yield and the risk premium. The result of this research show which of the variables are important variables for the risk premium and the convenience yield and they give a better insight in which variables can be used to improve the earlier regressions. The last section 5.5 compares the variables that are important for the convenience yield and the risk premium and describes the similarities and the differences.

5.1 Relative forward basis and bias

First the results of the futures and spot relationship research will be compared with research that already has been done on this subject. The research starts with the relative forward basis of the one month forward contract, 
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; when comparing the sample of Gjolberg and Johnsen (2004) of 1995-2003 and the dataset from 2005 till 2008 the results show that the mean is increasing over time. The mean from 1995 till 2003 was 5,8% and the mean from 2005 until 2008 was 6,65%. The standard deviation of the relative forward basis of the most recent period was 14,44%. Compared with the 20,4% of Gjolberg and Johnsen (2004) this shows a decline in standard deviation. Even in the monthly means, see figure 3, the deviation decrease is observable. 
[image: image42.emf]Relative forward basis & bias

-0,20

-0,10

0,00

0,10

0,20

0,30

0,40

Jan FebMar Apr May Jun Jul AugSepOct NovDec

Months

(Ft,T-St)/St

basis 05-08

basis 95-03

bias 05-08


Figure 3. One month relative forward basis and bias, monthly means
The one month relative forward bias 2005-2008 has a mean of 9,32% and a standard deviation of 19,81%. The mean increases compared to the 5,7% of 1995-2003, but the standard deviation decreases from 24,3%. So as well for the forward basis as the forward bias the mean increases and the standard deviation decreases over time.

Researching the relationship more between spot and futures prices the inverse of the relative forward basis and bias, the convenience yield and the risk premium is explored. As mentioned in the methodology for the convenience yield and the risk premium natural logarithm, ln, is used. On average the convenience yield is -5,64% and the standard deviation is 12,38%. Figure 4 shows the one month average convenience yield. From May until September it is summer, so it was expected that in these months the convenience yield was negative and during early winter and late 
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Figure 4. One month net convenience yield and risk premium
winter a positive convenience yield was shown at figure 4. However there is only a positive convenience yield in February, March and April instead of a positive convenience yield during all
winter months. The negative convenience yield from October to January would imply that there are high storage costs; that the possibility of overflow is more than zero. This is very unlikely in wintertime and than especially for the relatively very low months October, November and December, which are almost just as low as July. The results that are found comply with the research of Gjolberg and Johnsen (2004) who conclude from this outcome that arbitrage doesn’t eliminate disparities due to the lack of possibilities for arbitrage or that the market is informationally inefficient, so that the market cannot be analyzed within the theory of storage.

This raises the question if the convenience yield theory is relevant for the NPX market. However figure 4 shows as well that the risk premium has large disparities; the mean of the risk premium is -7,33% and the standard deviation is 17,66%. The -7,33% risk premium for a one month future is larger than a normal reasonable risk premium. From this it can be concluded that the expected spot price is poorly forecasted or that the risk premium is remarkably high, larger than reasonable. This is supported by Gjolberg and Johnsen (2004) and they assume there is a surplus of long hedgers, consumers, and that the high risk premium may indicate market power. This is  already been mentioned in the methodology; the producers have market power due to more flexibility in contrast to the consumers and consumers probably don’t have the arbitrage possibilities to eliminate the disparities.
As the convenience yield and the risk premium are both not optimal the spot and futures relationship must be more researched. 
5.2 Realized spot price 
To research the realized spot price further first the simple regressions 
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are plotted below. Both betas have a significant influence on the dependent variable ST. 
Dependent variable ST
	
	c
	Beta
	R2
	Adj. R2

	Ft,T
	3.908
0.250
	0.835

0.000
	0.730


	0.723



	St
	7.091
0.061
	0.814
0.000
	0.658

	0.649



Table 1a. Results of regression with dependent variable realized spot price
The beta coefficient of the first regression is 0.835 and the adjusted R2 is 0.72. When the beta would have been one the forward price was equal to the expected spot price, being the spot price at delivery for the forward contract. 
However to research the interrelation of the realized spot and future prices better the vector auto-regression (VAR) is used.
 As mentioned in the methodology the mathematical representation of VAR that is used for the results:
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Dependent variables ST and FT,T+1
	
	S T
	F T,T+1

	S t
	-0.276
	-0.584

	
	[-0.771]
	[-1.710]*

	F t,T
	1.100
	1.418

	
	[ 3.130]***
	[ 4.225]***

	C
	3.408
	5.182

	
	[ 0.968]
	[ 1.542]

	 R2
	 0.732
	 0.764

	 Adj. R2
	 0.717
	 0.751


Table 1b. Unrestricted VAR test for the spot and one month forward contract. ST is monthly average realized spot price and F is the forward price of a one month forward contract averaged per month. FT,T+1 is the forward contract price at T with delivery at T+1. T-statistics in [ ].
Table 1b shows that the realized spot price is not significantly influenced by their own lagged spot price, but the forward price highly significant influence the realized spot price. The forward contract is slightly significant influenced by the lagged spot price, but very influenced by the lagged forward price. 
From this it can be concluded that forward prices can be explained by their own lagged values and lagged spot prices which indicate pronounced adaptive price formation and this result support the findings of Redl et al. (2009). Yet the adaptive component of the future price is much stronger than of the spot price which is in contrast with the research of Redl et al. (2009) where the spot price is much more significant than the future price. 

Additionally can be concluded that in contrast with the research of Redl et al. (2009) the spot price can not be explained by the lagged spot price, but the spot price can be well explained by the forward price.  

When researching the change of the spot price from start until delivery, like Fama and French (1987) equation (7); 
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, the regression results can be compared with the expectations at the methodology. 
ST is the realized average spot price in delivery period T. St is the day-ahead price on quote date and Ft,T is the daily forward price.
 The regression result is at table 2 and is for one month forwards. The beta is significant different from zero and the beta is close to one. As the beta is not zero it is not conform the theory of storage. This means that the basis, Ft,T-St, contains information about the change in the spot price from t to T; the forward price has power to forecast the future spot price. It was expected that the basis didn’t contain information, but as already mentioned the beta is even close to one. The futures price is nevertheless a poor forecast of the spot price change as the low R2 shows. As already mentioned the betas of equation (7a) and (8a) sum up to one, so from the table can also be concluded that the forward basis doesn’t contain information about the premium to be realized at T and that the expected premium doesn’t reflect the dependence on interest rates, storage costs and convenience yield. 
Dependent variable change spot price
	
	c
	Beta Ft,T-St
	R2

	ST monthly – St daily = 

c + 
[image: image48.wmf]b

 (Ft,T daily- St daily)
	-2.515
0.000***
	0.949
0.000***
	0.232



Table 2. Spot price change against the forward basis of the one month forward contract.
Dependent variable relative change spot price

	
	c
	Beta (Ft,T-St)/ St
	R2

	Ln(ST monthly / St daily)=c +
[image: image49.wmf]b

 ((Ft,T daily– St daily)/ St daily)
	-0.075

0.000***
	0.876
0.000***
	0.337




Table 3. Relative spot price change against the forward basis of the one month forward contract. 
The relative change of the spot price is estimated with the relative forward price, equation (7b): 
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. The beta is lower than at table 2, however significantly different from zero and the R2 is increased, see table 3. Even with adding a summer dummy, like equation (7c) the beta stays significantly different from zero.

As the beta is significantly different from zero at researching the change in spot price the theory of storage is strictly speaking not applicable and should be replaced by the risk premium theory.
In the next subchapter the underlying factors of the risk forward premium are therefore more researched, first by the Bessembinder and Lemmon (2002) model and regressions are done with the forward basis since the results that are found in this chapter about the forward contract raise the question what the impact is of the forward contract.

5.3 Risk premium 
Bessembinder and Lemmon’s (2002) risk premium equation, equation (5) is as already mentioned at chapter 2.5; 
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>0. From the results at table 4, with the equation like 5: 
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,
can be concluded that daily variance and daily skewness for the NPX market do not have significant influence on the risk premium of the one month forwards. However are the signs for the risk premium like the model of Bessembinder and Lemmon (2002) describes. The insignificance is probably mainly because of the reference price, the spot price, at the NPX market is the day-ahead system price and not the real-time spot price and that the hourly skewness and variance is not used. The R2 and the adjusted R2 are both very low. The results support the findings by Redl et al. (2009) like mentioned in the literature review that variance and skewness are not significant for the NPX market for monthly futures. At table 1 of Appendix C the regression of the convenience yield as dependent variable is shown and at figure 1 of Appendix C a graph of the risk premium, convenience yield, variance and skewness is plotted.

When the research is done with hourly variance and skewness with dependent variable risk premium than variance and skewness are still not significant, but variance and skewness are significant with dependent variable convenience yield, see table 1b and 1c of Appendix C for the results. This is like the research of Botterud et al. (2009), but the signs of the variance and skewness are just like the model of Bessembinder and Lemmon (2002) prescribes while at Botterud et al.(2009) the signs are both positive.  
Dependent variable risk premium
	
	Coefficient
	Prob.  

	Skewness daily
	0.053
	0.161

	Variance daily
	-0.001
	0.478

	C
	-0.055
	0.128


R2 0.058 Adjusted R2 0.007
Table 4. Risk premium; skewness and variance are not significant. The signs are in the right direction.
Due to the research of Bloys van Treslong and Huisman (2010) mentioned in subchapter 5.2, it is known that the result will not be significant when skewness and variance is replaced by the forward basis, Ft,T-St, as the forward price was significant in chapter 5.2 for the future spot price and the result sums up to one with equation 7a, table 2. Replacing skewness and variance with the forward basis is like mentioned at chapter 4.1 of the methodology; changing equation (5) to equation (8b); 
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. The result can be seen in table 5; the independent variable has no significant influence on the risk premium. This result is as expected since the result of equation 7a, table 2, was significantly different from zero, the beta was close to one and, as already mentioned earlier, the results of equation 7a and 8b sum up to one, so now the beta is close to zero and insignificant. 
The forward basis is no improvement compared to variance and skewness; and variance and skewness will in the next part again be replaced to see if variables become significant when the forward basis is added.

Dependent variable risk premium

	
	Coefficient
	Prob.  

	Ft,T-St
	0.004
	0.655

	C
	-0.081
	0.035


R2 0.005 Adjusted R2 -0.021

Table 5. Risk premium; the forward basis, Ft,T-St, instead of skewness and variance.
When regressing the dependent variable risk premium and independent variable consumption is added to the independent variables variance and skewness, like equation (9); 
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 the variables are still not significant and the R2 is only 0.07. When consumption is added to the forward basis, the equation is:
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, again all variables are not significant. Replacing daily calculated variance and skewness to hourly variance and skewness makes skewness and variance significant at the 10% significance level, so than hourly variance and skewness are even better than forward basis for the risk premium. From the results so far can be concluded that the hourly variance and skewness has more statistical power than daily variance and skewness. So from now on the focus will lie more on hourly variance and skewness and in later results the conclusion that hourly variance and skewness performs better will be endorsed.
Dependent variable risk premium
	
	Coefficient
	Prob.  
	
	
	Coefficient
	Prob.  
	
	
	Coefficient
	Prob.  

	Variance hourly
	-0.000878
	0.0944
	
	Variance daily
	-0.001
	0.461
	
	C
	-0.080515
	0.0399

	Skewness hourly 
	0.035638
	0.0576
	
	Skewness daily
	0.058
	0.138
	
	Forward basis
	0.003705
	0.6902

	Consumption
	-9.81E-06
	0.1545
	
	Consumption
	-3.43E-06
	0.530
	
	Consumption
	-1.39E-06
	0.8005

	C
	-0.063597
	0.0300
	
	C
	-0.055
	0.134
	
	
	
	


R2 0.128 Adj. R2 0.055 1 
R2 0.069 Adj. R2 -0.009 1
R2 0.007 Adj. R2 -0.047 2
Table 6. Risk premium; consumption added to model of variance and skewness and to forward basis. Result with variance and skewness just like Redl et al. (2009)
As the risk premium theory of Bessembinder and Lemmon has no significant variables and the convenience yield theory is not appropriate because of the influence of the spot price on the future spot price first the spot price at delivery, ST, is researched extra.

When using the selected variables of Botterud et al. (2009) for the dependent variable absolute future spot price the average spot price by far has the biggest influence when all the variables are at time t. However are variance, consumption and inflow also significant when t+1(T) is used. Nevertheless replacing skewness and variance for the forward basis at time t improves the regression.
Researching the relative spot price change from t to T, than all the variables are not significant in the regression with all the variables of Botterud et al. (2009) combined at time t. Adding the summer dummy with the dummy intercept increases the proportion of variance captured by the independent variables associated with the independent variable. Reservoir level is the only one that is significant at the 10% significance level with a probability of 0.06 and the (adjusted) R2 is improved from 0.21 (0.065) to 0.41 (0.112). However the regression is much more improved when the forward basis is included instead of variance and skewness and a summer dummy is added for the reservoir inflow, than the (adjusted) R2 is 0.597 (0.509), see table 2 of Appendix C for results. So subsequent at subchapter 5.2 the forward basis also has a significant influence on the future spot price when physical variables are added and the regression performs better when forward basis is included instead of variance and skewness. However until now there is no relation between risk premium and forward basis or variance and skewness, the research will be extended first to the regression with the variables of Botterud et al. (2009), because they found a significant relation between reservoir level, inflow, consumption and the average price for the risk premium and for the convenience yield even a significant influence of reservoir level, variance and skewness. In between the forward basis in place of variance and skewness is researched to see if this improves the output.
Imitating the equations of Botterud et al. (2009) for the convenience yield and the risk premium for one month forward contracts, equations 13 and 14a respectively, gives other results than expected, see results at table 7 for the risk premium and table 3a of Appendix C for the convenience yield. At the convenience yield as a dependent variable, reservoir level is the only significant physical variable. Of the financial variables are variance and skewness significant, just like at Botterud et al. (2009). The R2 is however much higher than the R2 of Botterud et al. (2009) and the skewness and variance have again the right signs in contrast to Botterud et al. (2009); where variance is positive, while from the model of Bessembinder and Lemmon (2002) variance should be negative. Later convenience yield will be discussed more in detail, for now the focus remains on the risk premium.
In contrast all independent variables are not significant in the regression for the risk premium. Through this the R2 is very low. Even when replacing variance and skewness with forward basis it does not improve the regression, see tables 7 and 4b of appendix C. 
Changing at the equation for the risk premium the consumption and the inflow to the expected inflow and consumption improves the regression greatly. However the reservoir level probability stays almost unchanged when it is changed to expected reservoir level, comparing table 5 of Appendix C with the forward basis regression of table 8. The results differ minimal when forward basis is used in stead of variance and skewness, the results are stated below at table 8, and the equation with forward basis is based on equation (14a) and is: 
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(14b)
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The regression output is almost equal when forward basis or when variance and skewness at time t is used. However it is interesting that at the regression with variance and skewness only inflow and consumption are significant and that the sign of variance has become positive, but this may be due to the high insignificance. At the regression with the forward basis all variables are significant except forward basis itself. The (adjusted) R2 of the models are almost equal and for a better understanding of what influences the risk premium and how the regression can be improved the research will be extended in the next chapter. But first the convenience yield is researched. 
Dependent variable risk premium
	
	Coefficient
	Prob.  

	Reservoir level
	-2.80E-07
	0.8195

	Inflow
	-8.26E-07
	0.8334

	Consumption
	-9.76E-06
	0.2379

	Average spot price
	-0.003
	0.3418

	Variance hourly*
	-0.0008
	0.2124

	Skewness hourly*
	0.032
	0.1399

	C
	0.048
	0.7407


R2 0.154 Adjusted R2 0.0006
Equation 14a:
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Table 7. Risk premium; imitation of regression Botterud et al. (2009). 
* Regression with daily variance and skewness at Appendix C table 4a.
Dependent variable risk premium

	Variance and skewness
	
	Forward basis

	
	Coefficient
	Prob.  
	
	
	Coefficient
	Prob.  

	Average spot price
	-0.004
	0.1499
	
	Average spot price
	-0.004
	0.0568*

	Inflow T*
	-7.03E-06
	0.0377**
	
	Inflow T*
	-7.24E-06
	0.0213**

	Consumption T
	-1.63E-05
	0.0322**
	
	Consumption T
	-1.88E-05
	0.0130**

	C
	0.114
	0.4911
	
	C
	0.279
	0.0641*

	Reservoir level T
	-8.44E-07
	0.5732
	
	Reservoir level T
	-3.10E-06
	0.0528*

	Variance hourly
	0.0001
	0.8515
	
	Forward basis**
	0.018
	0.1277

	Skewness hourly
	0.005
	0.8249
	
	
	
	

	R2 0.276
	
	R2 0.265

	Adjusted R2 0.140
	
	Adjusted R2 0.154


Table 8. Risk premium; physical variables at time T and skewness and variance replaced by forward basis.
*No difference when the summer dummy for inflow is added at both of the regressions.
**When spot price is in the equation forward and forward basis are the same and forward basis gives a better R2 than skewness and variance at time t.

5.4 Influence of physical and financial variables

As the risk premium and the convenience yield both are not made clear yet the risk premium and the convenience yield are explored more. The risk premium and the convenience yield are now researched as dependent variables with independent variables that are financial variables and with physical variables. First per variable separate to see which variables have the biggest significant influence on the dependent variables. 
5.4.1 Convenience yield

The equation that is used for regression with all the separate variables is 
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. The significant results are stated in table 9, the extended table with all the results in Appendix D. The spot change from month t to the moment of delivery, T, is the only financial variable that has a highly significant influence on the convenience yield. However the spot change can not be observed at the moment when the future contract is bought, but it gives an insight in the influence of the spot price on the convenience yield. 

Dependent variable Convenience yield

	
	c
	beta
	R2
	Adjusted R2

	Skewness hourly t-1
	-0.063
0.0001
	0.007

0.0154**
	0.149

	0.126


	Reservoir level t
	0.162

0.0000***
	-2.91E-06

0.0000***
	0.539

	0.527


	Reservoir level t-1
	0.105
0.0185**
	-2.16E-06

0.0003***
	0.296


	0.277



	Reservoir level T
	0.148
0.0005
	-2.69E-06

0.0000***
	0.441

	0.426


	Reservoir change t-1
	-0.054

0.0002
	-3.04E-06

0.0049***
	0.195


	0.174


	Reservoir change T
	-0.057
0.0003
	2.11E-06

0.0519*
	0.098


	0.074


	Spot change t,T
	-0.052

0.0003***
	-0.222

0.0014***
	0.245

	0.224



	Consumption t-1
	-0.056

0.0001***
	8.59E-06

0.0022***
	0.226

	0.205


	Consumption minus month average T
	-0.052

0.0005***
	-3.70E-05

0.0152**
	0.149


	0.126



	Inflow t-1
	-0.054

0.0003***
	-3.17E-06

0.0104**
	0.165

	0.142



	Inflow T
	-0.057

0.0003***
	2.28E-06

0.0614*
	0.091


	0.067



	Inflow minus month average t-1
	-0.054
0.0005***
	-6.10E-06

0.0707*
	0.086

	0.061



Table 9. Convenience yield; significant variables when taken separate.
The physical variables that have a significant influence on the convenience yield are the reservoir level, consumption and inflow. As inflow and consumption can be calculated by just inflow/consumption (in a regression this is compared to, minus, total average as a whole) or as inflow/consumption minus the average of a month, for example the inflow of January 2007 goes minus the average of January over the years, so both are shown in table 9. 
First inflow and consumption are researched as both inflow and consumption are significant at t-1 and inflow and consumption can be calculated on different ways. Consumption t-1 with dummy summer or with consumption t-1 squared are both not significant additions. The results of inflow are at table 10 and 11 and show interesting information. The (adjusted) R2 improves when allowing for non-linearity, 
[image: image65.wmf]2

2

1

,

*

*

t

t

T

t

Inflow

Inflow

c

cv

b

b

+

+

=

. Changing the equation by replacing inflow t to inflow t-1, makes that inflow t-1 shows the highest R2 and inflow minus month average has a lower significance. Adding to inflow plus inflow squared the inflow of the month before, 
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 improves the (adjusted) R2 with a significant beta, see table 11.

*Less important tables are at the appendix.

Dependent variable convenience yield
	
	c
	Beta1
	Beta2
	R2
	Adjusted R2

	Inflow t + Inflow t^2
	-0.089

0.0000***
	-4.49E-06

0.0104**
	2.71E-10

0.0105**
	0.184

	0.140


	Inflow t-1+ Inflow t-1^2
	-0.091

0.0000***
	-6.55E-06

0.0001***
	2.89E-10

0.0037***
	0.341


	0.305


	Inflow minus month average t+ Inflow minus month average t^2
	-0.051

0.0054***
	-4.37E-06

0.1935
	-7.33E-11

0.8865
	0.047

	-0.005


	Inflow minus month average t-1+ Inflow minus month average t-1^2
	-0.036
0.0354**
	-5.64E-06

0.0826*
	-9.67E-10

0.0517*
	0.178


	0.132




Table 10. Convenience yield; physical variable inflow at t and t-1 and with allowance of non-linearity.
Dependent variable convenience yield
	
	c
	Beta1
	Beta2
	Beta3
	Beta4
	R2
	Adjusted R2

	Inflow t +Inflow t^2+ 
Inflow t-1+ Inflow t-1^2
	-0.106

0.0000***
	-8.76E-07

0.6649
	1.37E-10

0.1832
	-6.31E-06

0.0018***
	0.010

0.0000***
	0.392


	0.321


	Inflow t-1+
Inflow t-1^2+Inflow t-2
	-0.083

0.0000***
	-4.19E-06

0.0373**
	2.16E-10

0.0366**
	-2.87E-06

0.0487**
	X
	0.406

	0.353



Table 11. Convenience yield; physical variable inflow t and t-1 combined with t-1 and t-2.
Dependent variable convenience yield
	
	C
	summer
	Beta1
	Beta2
	Beta 3
	R2
	Adjusted R2

	Summer+ Inflow + Inflow*Summer
	-0.084

0.0080***
	-0.010
0.8238
	-6.89E-06

0.0685*
	8.55E-06

0.0458**
	X
	0.141


	0.069



	Summer+ Inflow(-1) + 
Inflow(-1) *Summer
	-0.116
0.0000***
	0.055

0.1147
	-1.23E-05

0.0003***
	1.07E-05

0.0037***
	X
	0.352


	0.297


	Summer+ Inflow(-1)+ Inflow(-2)+ Inflow(-1) *Summer
	-0.115

0.0000***
	0.060
0.0652*
	-9.74E-06

0.0033***
	-3.62E-06

0.0069***
	9.54E-06

0.0065***
	0.476


	0.413



Table 12. Convenience yield; inflow combined with dummy summer.
At table 12 the square root is changed to dummy summer months, May-September; 
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. The regression shows even better results. The addition of summer instead of using the square root of inflow shows an improvement in the adjusted R2 from 0.35 to 0.41.
Combining the most significant physical variables shows that inflow has no significant influence on the convenience yield when it is combined with reservoir level. In interaction with reservoir level inflow does better than inflow t-1, however the beta is still not significant, see table 5 of appendix D. 
At the regressions of inflow with summer instead of inflow squared it does not matter which combination is chosen with reservoir level; they all give almost the same results at the R2 and the betas are all not significant, in table 6 of appendix D the one with the highest R2. Furthermore consumption is also not significant together with reservoir level and reservoir level and inflow. 

Dependent variable convenience yield

	
	C
	Beta 1
	Beta 2
	R2
	Adjusted R2

	Variance and skewness hourly t-1
	-0.049

0.0026***
	-0.0006

0.0425**
	0.024

0.0072***
	0.242


	0.200



	Variance and skewness hourly t
	-0.048

0.0024***
	-0.0005

0.0380**
	0.017

0.0298**
	0.122


	0.074



	Variance and skewness hourly T
	-0.052

0.0026***
	7.66E-05

0.7331
	-0.004

0.5766
	0.028


	-0.026




Table 13. Convenience yield; Model Bessembinder and Lemmon (2002) for the convenience yield with hourly variance and skewness.
The research of chapter 5.3 showed that the model of Bessembinder and Lemmon (2002) gives significant variance and skewness for the convenience yield at time t and imitating the regression of Botterud et al. (2009) indicated that together with other variables the significant financial variables are skewness and variance. Therefore, variance and skewness are investigated more. Extending the research by changing time to t-1 and T state that t-1 has an even higher significance than at time t and skewness is only highly significant at t-1, the equation is 
[image: image68.wmf])

(

*

)

(

*

1

2

1

1

,

-

-

+

+

=

t

t

T

t

S

Skewness

S

Variance

c

cv

b

b

 and see table 13 for results. However when reservoir level is added than variance and skewness at time t performs better in combination with reservoir level than at time t-1, see table 14 for the result and the corresponding equation is 
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. Expanding reservoir level, variance and skewness with spot change gives significant results at spot change from t-1 to t and from t to estimated T, while when average spot price is added the variable is not a significant addition, the other three equations are: 
1.
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Dependent variable convenience yield

	
	C
	Beta 1
	Beta 2
	Beta 3
	Beta 4
	Beta 5
	R2
	Adjusted R2

	Variance hourly t + Skewness hourly t +

Reservoir level t
	0.155
0.0000***

	-0.0003
0.0487**
	0.011

0.0387**

	-2.76E-06

0.0000***
	X
	X
	0.592

	0.558


	1Reservoir level+ 

E(Spot change t,T)
	0.138

0.0001***
	-2.57E-06

0.0000***
	-0.144

0.0041***
	X
	X
	X
	0.634


	0.614



	2Reservoir level+

 Spot change t-1,t
	0.189

0.0000***
	-3.27E-06

0.0000***
	0.138

0.0053***
	X
	X
	X
	0.632


	0.612



	3Variance hourly t + Skewness hourly t +

Reservoir level t + 

Spot change t-1,t
	0.184
0.0000***

	-0.0003

0.0309**

	0.010

0.0347**

	-3.13E-06

0.0000***

	0.139
0.0047***

	X
	0.680


	0.643



Table 14. Convenience yield; Significant combinations with reservoir level. 
Dependent variable convenience yield

	
	Coefficient
	Prob.  

	Reservoir level t
	-3.22E-06
	0.0000***

	Skewness hourly t
	0.015
	0.0038***

	Variance hourly t
	-0.0004
	0.0029***

	Spot change t-1,t*
	0.229
	0.0002***

	C
	0.193
	0.0000***

	Consumption minus month t
	-2.21E-05
	0.0394**

	Inflow minus month t
	3.89E-06
	0.0961*


R-squared 0.740272 Adjusted R-squared 0.691573
Table 15a. Convenience yield; Improvement of the last regression of table 14 by inflow and consumption minus month average.
*When estimated spot change t,T is added the R2 rises to 0.811 (0.767), however are than not all variables significant.
Improving the regression with consumption and inflow is only possible when consumption and inflow are minus the average of that month, this makes the following equation: 
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(15)
see result at table 15a. Inflow and consumption are even together with the summer dummy or with the allowance of non-linearity not significant. 
When variance and skewness are left out and reservoir level is taken together with spot change t,T and spot change t-1,t, both add significant information for the convenience yield. Unfortunately adding inflow together with spot change t-1 and reservoir level gives no significant results for inflow, just as inflow is not significant with reservoir level at table 13 & 14. However with estimation of the spot change from t to T the R2 realizes a very high score. When the financial variables spot change t,T and spot change t-1 are combined with the physical variables reservoir level, inflow and inflow squared than all variables are significant, even including inflow at the 5% significance level. The equation is than 
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The result is that this regression has an even higher adjusted R2 than equation (15). 
Dependent variable convenience yield
	
	C
	Beta 1
	Beta 2
	Beta 3
	Beta 4
	Beta 5
	R2
	Adjusted R2

	Reservoir level + spot change t-1,t +Inflow
	0.189

0.0000***
	-3.26E-06

0.0000***
	0.130

0.0095***
	-7.91E-07

0.3136
	X
	X
	0.643


	0.612



	Reservoir level+ 

Spot change t-1,t +

E(Spot change t,T)
	0.166

0.0000***


	-2.93E-06

0.0000***


	0.153

0.0013***


	-0.138

0.0021***


	X
	X
	0.731


	0.707



	Reservoir level+ Spot change t-1,t+

E(Spot change t,T) +

Inflow +Inflow^2*
	0.104

0.0055***
	-2.41E-06

0.0000***
	0.167

0.0005***
	-0.171

0.0002***
	-2.25E-06

0.0319**
	1.91E-10

0.0068***
	0.787


	0.754




Table 15b. Convenience yield; reservoir level together with spot change.
*With summer dummy in stead of inflow squared gives almost the same results and when consumption is added than the variable is not significant.
It is important to note the difference between the traditional test of significance of a correlation coefficient and the proportion of variance interpretation of the size of that relationship, coefficient of determination, R2. A study using a very small sample may not find a statistically significant correlation as in contrast a larger study might find a significant correlation because of more observations. However, in both studies the proportion of variance in dependent variable associated with the independent variable can be the same. Therefore, in contrast to the traditional significance test, which is dependent on the number of observations, the proportion of variance estimate of the size of the relationship in the population is not influenced by the amount of observations. So it is better to compare results from different studies in terms of the size of the relationship observed rather than whether the correlation was significant or not (McCall, 2001; p. 274). 
It was expected that reservoir level and reservoir change with interaction of summer would have an important influence on the convenience yield, although as can be seen below reservoir change has no significant influence in combination with reservoir level. 
Dependent variable convenience yield

	
	C
	summer
	Beta1
	Beta2
	R2
	Adjusted R2

	Reservoir change
	-0.054
0.0006***
	X
	-1.08E-06

0.3294
	X
	0.025


	-0.001


	Reservoir change(-1)
	-0.054

0.0002***
	X
	-3.04E-06

0.0049***
	X
	0.195


	0.174


	Summer+ Reservoir change(-1) 
+Reservoir change(-1) *summer
	-0.108
0.0001***
	0.050

0.1587
	-8.74E-06

0.0003***
	7.12E-06

0.0133**
	0.349

	0.293



	
	C
	summer
	Beta1
	Beta2
	Beta 3
	R2
	Adjusted R2

	Summer+ Reservoir level+ Reservoir change(-1)+ Reservoir change(-1)*summer
	0.124
0.0409**


	-0.002

0.9412


	-2.56E-06

0.0002***


	-2.74E-06

0.2418


	3.21E-06

0.1945


	0.572


	0.522




Table 16. Convenience yield; reservoir change together with reservoir level.
The signs for the highly significant variables: reservoir level -, skewness +, variance - and spot change + are all just like expected from theory; when reservoir level and/or variance are low, skewness is high and/or the spot price increases than the convenience yield increases. Inflow and consumption minus month average are not significant at 1% significance level, the variables are not significantly different from zero, so the powers of those signs are not high enough to draw conclusions.  
As the estimated spot price change t,T is significant for the convenience yield, it can be stated that the theory of storage is not so perfect fitted like the theory prescribes. It would have been better when the change in the spot price was not significant as than the convenience yield did not have financial variables, expectations, to impact the difference between the spot price and the forward price. There is a convenience in the spot price change because of the seasonal fluctuations, when the price rises the convenience yield increases. However the spot price has no significant influence on the convenience yield, only the spot price change. The spot price change is subsequent not significant influenced by the reservoir level as mentioned earlier at the research of the spot price change. The spot price change is mainly influenced by the forward price and when the forward price is included then inflow becomes highly significant, so the physical variable adds information to the forward price about the spot price change.
The reservoir level account for half of the variability of the convenience yield. At figure 1 of Appendix D the convenience yield and the inverse of the reservoir level is shown. The seasonality of the reservoir level does not include all information, since the financial variables spot change, variance, skewness significantly add information. The convenience yield is significantly influenced by the rise/decline of the spot price of the period before and after, consequently expectations about the spot price in the next period determines the convenience that a market participant has at the time of trading. 
As already found at chapter 5.2 where the forward basis significantly influence the spot price change does vice versa the spot price change influence the inverse of the forward basis, the convenience yield. Doing a simple VAR test, see result at table 7 of appendix D, just like with realized spot price and the forward price, shows that the convenience yield is significantly influenced by the lagged convenience yield and the lagged spot price change and the spot price change is not significantly influenced by the convenience yield and the lagged spot price change. 
This shows that the convenience yield is influenced by the spot price change and not vice versa and that next to the physical variables the spot price change is important for the convenience that a market participant has.
This shows that next to the spot price the physical variables have their influence on the spot and futures relationship, so the physical variables will also be tested at the risk premium theory and thus following on the research of the convenience yield the risk premium theory will be researched in the next subchapter.
5.4.2 Risk Premium

For the risk premium the same has been done as at table 9 for the convenience yield. The same variables are used and the equation is 
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. At table 17 only the significant variables are stated, the complete table can be found at table 1a of appendix D and a comparison between the significant separate variables of the convenience yield and the risk premium at table 1b of appendix D.
Dependent variable risk premium
	
	c
	Beta 1
	R2
	Adjusted R2

	Spot price t-1
	0.074
0.3837
	-0.004

0.0723*
	0.085

	0.060


	E (Spot price T)
	-0.252

0.0043***
	0.005

0.0273**
	0.125

	0.101



	E (Spot change t,T)
	-0.077
0.0000***
	0.725

0.0000***
	0.766

	0.760


	Forward t-1,t
	0.085

0.3366
	-0.004

0.0657*
	0.089


	0.064



	E (Forward T,T+1)
	-0.217

0.0215
	0.004

0.0994*
	0.072


	0.047



	E (Forward price change t,T)
	-0.081

0.0000***
	0.891

0.0000***
	0.679


	0.670



	E (Consumption minus 

month average T)
	-0.074

0.0065***
	6.59E-05

0.0196**
	0.139


	0.115



	E (Inflow minus month average T)
	-0.063

0.0143**
	-1.72E-05

0.0035***
	0.208


	0.187




Table 17. Risk premium; Significant variables when taken separate.
Due to the research of the variables separately it is shown that consumption and inflow minus the monthly average have better scores than just consumption and inflow. When redoing Botterud et al. (2009) the regression with consumption and inflow minus month average at time t instead of consumption and inflow at time t shows that inflow minus month average and average spot price both are significant and that the R2 improves to 0.269 (0.136), for the results see table 2b. of Appendix E. The regression with only average spot price and inflow, 
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(17)

gives the following:

Dependent variable risk premium

	
	c
	Beta 1
	Beta 2
	R2
	Adj. R2

	Average spot price t + Inflow minus month average t
	0.157754

0.1013
	-0.006

0.0183**
	-1.77E-05

0.0109**
	0.190


	0.146




Table 18. Risk premium; Spot price and inflow minus month average.
This shows that the regression of Botterud et al. (2009) can be improved with inflow minus month average in stead of inflow and that almost entirely the R2 comes from average spot price and inflow minus month average. So changing consumption and inflow to consumption and inflow minus month average improves the regression.
The only significant physical variables are inflow minus month average T and consumption minus month average T, see table 17. The significant separate financial variables are the spot at time t-1 and T, the spot price change at period t,T, the forward at t-1,t and T,T+1 and the forward price change from t to T. When leaving all financial estimations out and comparing spot at time t with spot at time t-1 in combination with inflow and consumption shows that the difference is minimal. Spot at time t is shown below in combination with the physical variables. Inflow and consumption complement each other, 
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, however only inflow is significant when average spot price is added, 
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, compared with table 18, where inflow is t instead of T shows that the adjusted R2 is doubled. Adding the summer dummy or squaring inflow and/or consumption doesn’t improve the regression. The best regression with the highest R2 with all significant betas is spot price in combination with inflow minus monthly average at time period T and an (adjusted) R2 of 0.32 (0.28). As spot price at t is changed to T it does not improve the regression in combination with inflow and consumption.
	
	c
	Beta 1
	Beta 2
	Beta 3
	R2
	Adjusted R2

	E(Inflow minus month average T) + E(Consumption  minus month average T)
	-0.066

0.0079***
	-1.51E-05

0.0082***
	5.24E-05

0.0454**
	X
	0.293

	0.253



	Spot price t + 
E(Inflow minus monthly average T)
	0.118

0.1353
	-0.005

0.0190**
	-2.12E-05

0.0004***
	X
	0.322

	0.284



	Spot price t +E(Inflow minus month average T) + E(Consumption  minus month average T)*
	0.076

0.3696
	-0.004

0.0859*
	-1.90E-05

0.0020***
	3.34E-05

0.2212
	0.350


	0.295




 Dependent variable risk premium

Table 19a. Risk premium; only physical variables estimated and in combination with the average spot price. 
*The addition of summer is not significant, for results see table 4a of Appendix E.
	
	c
	Beta 1
	Beta 2
	Beta 3
	R2
	Adjusted R2

	E(spot price change t,T) +

E(Inflow minus month average T) + E(Consumption  minus month average T)
	-0.073

0.0000***
	0.715
0.0000***


	-5.85E-06

0.0699*


	-1.58E-05

0.3227


	0.792


	0.775


	E(spot price change t,T) +

Reservoir level t
	0.093

0.0165**
	0.795
0.0000***
	-2.30E-06

0.0000***
	X
	0.857

	0.849



Dependent variable risk premium

Table 19b. Risk premium; estimated spot price change together with estimated inflow and consumption and with reservoir level

However when spot price is replaced by the expected spot price change from t to T; 
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then the regression improves greatly, however is consumption not significant, see table 19b. Replacing consumption and inflow at time T for the reservoir level at time t, 
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(19) 
makes all variables significant, has an even better R2 and the reservoir level at moment t gives almost the same results as reservoir level at time T. 

With this information the regression of Botterud et al. (2009) has been redone with the spot price change instead of the spot price and consumption and inflow minus month average at time T. As equation: 
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(20) 
The regression improves than just a little due to hourly variance and skewness that become significant. In contrast are inflow and consumption insignificant, see left side of table 19c. So even though variance and skewness are not significant separate and in combination with each other like the model of Bessembinder and Lemmon (2002), they do have a significant additional influence.

To test if it makes a difference when the forward basis or skewness and variance is included the regression with forward basis instead of skewness and variance has been done, the equation is; 
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the result can be found at table 19c. The forward basis improves the regression. Reservoir level becomes insignificant, but inflow and consumption show a better probability. From this result and the earlier comparisons between forward basis and variance and skewness can be concluded that the forward basis works as well for the risk premium at the NPX market of one month forward contracts. So the alternative specification of Bloys van Treslong and Huisman (2010) can also be used at the NPX market.
Dependent variable risk premium

	Skewness and variance hourly
	
	Forward basis
	
	

	
	Coefficient
	Prob.  
	
	
	Coefficient
	Prob.  

	E(Consumption minus month T)
	-1.11E-05
	0.3587
	
	E(Consumption minus month T)
	-8.91E-06
	0.2417

	E(Inflow minus month T)
	-4.01E-06
	0.1056
	
	E(Inflow minus month T)
	-2.59E-06
	0.0890*

	E(spot price change t,T)
	0.779
	0.0000***
	
	E(spot price change t,T)
	0.923
	0.0000***

	Reservoir level
	-1.92E-06
	0.0002***
	
	Reservoir level
	-2.62E-07
	0.4718

	Skewness hourly
	0.017
	0.0089***
	
	Forward basis
	-0.026
	0.0000***

	Variance hourly
	-0.000497
	0.0353**
	
	c
	0.014
	0.5382

	C
	0.075
	0.0436**
	
	
	
	


R2 0.899 Adjusted R2 0.880
R2 0.958 Adjusted R2 0.952
Table 19c.  Comparison of skewness and variance against the forward basis.
The significant variables at table 19c. indicate that the market participants are not fully aware of the variables at time t, the moment that the forward is traded, for the reservoir level, skewness, variance and the forward basis and/or that a risk premium is expected because of a low reservoir level, low variance and/or high skewness. As the spot change from t to T, the inflow and the consumption at time T are estimated, there is a risk premium expected for the unexpected changes in those variables.

The risk premium is mainly influenced by the spot price change. When reservoir level is added than reservoir level is also highly significant. Additional, skewness and variance are only significant in addition of reservoir level and spot price change t,T: The risk premium that is expected for the low reservoir level and the spot price rise becomes higher when skewness has a positive number and declines when variance is positive, just like the model of Bessembinder and Lemmon (2002) prescribes.
However when the estimated spot price change t,T is not used than consumption and inflow minus monthly average at time T are the most important physical variables to influence the risk premium and as table 19a shows, with or without average spot price, the model accounts for approximately one-third of the variability of the risk premium. So physical variables like reservoir level or inflow have a significant influence on the risk premium. 
The signs of the variables when they are significant: spot price change +, reservoir level -, variance -, skewness +, inflow - and consumption +, are like expected. The signs of variance -, skewness + are just like the model of Bessembinder and Lemmon (2002), while at Botterud et al. (2009) the signs for variance and skewness are different. 
The physical variables have a less important influence on the forward premium than on the convenience yield, nevertheless the physical variables reservoir level and inflow show in the regressions that their influence is important on the risk premium. The risk premium is mostly influenced by the estimated financial variables. 
5.5 Comparing the variables

When comparing the variables of the convenience yield and the risk premium it shows that for the convenience yield the most important variable is the physical variable reservoir level and that for the risk premium the financial variables spot change and forward price change are the most important. At both theories the change of inflow to inflow minus month average showed that this can be an improvement. The regressions with skewness and variance show that for the NPX market for one month forward contracts that variance has a negative influence and that skewness has a positive influence on the convenience yield and the risk premium. When reservoir is low and/or inflow is lower than normally in that month than the convenience yield and the risk premium are higher. The variables reservoir level, skewness and variance are best at time t for the risk premium and the convenience yield, but for inflow and consumption the risk premium need inflow and consumption at T, while at the convenience yield inflow and consumption at time t and T are significant additions. The spot price t,T is significant for the risk premium, however is for the convenience yield spot price change t-1,t a little better than spot price change t,T. 
So as the variables that influence the most the convenience yield also give additional information at the risk premium and as the forward basis, the inverse of the convenience yield in this research, significantly influence the risk premium it is interesting to see that the R2 is this high with just the use of the physical variables reservoir level, inflow and consumption and the financial variables. 

Chapter 6
Conclusion

This chapter presents the discussion of the findings and conclusion of this thesis. The research question is answered and reflections upon the research limitations are set. Also the theoretical and practical research implications are described.

6.1 Conclusion
The first conclusion that can be drawn from the results is that the theory of storage with the convenience yield and the risk premium theory are both not optimal. The negative convenience yield from October to January and the unreasonable high risk premium show that neither is ideal.

The forward price has a high significant influence on the expected spot price; by contrast the lagged spot price does not have a significant influence on the spot price. Additionally, the forward basis contains information about the change in the spot price, which means that the forward price has power to forecast the future spot price, which is not conform the theory of storage and which favors the risk premium theory. 
The research of variance and skewness indicates that the daily variance and skewness for one month futures is not an improvement and that hourly variance and skewness performs better. These factors are only significant in combination with each other at the convenience yield, but not for the risk premium. Variance and skewness for the NPX market one month forward contracts are similar to the model of Bessembinder and Lemmon (2002) which describes that variance is strictly negative and skewness is strictly positive. In addition with physical variables are variance and skewness significant for the risk premium and for the convenience yield. 

The forward basis, the alternative specification of Bloys van Treslong and Huisman (2010), could also be used for the risk premium at the NPX market and significantly improves the regression.

The convenience yield is mainly influenced by the reservoir level and the risk premium is mainly influenced by the estimated spot price change. However there are also similarities. The variables reservoir level, variance and skewness can be best used at time t for the risk premium and for the convenience yield. Though there are also discrepancies; for the risk premium theory inflow and consumption are only significant at time T, when the variables are estimated, instead of t, at time of trading, while for the convenience yield all variables are best at time t. 
The results show that improvements can be made by using the monthly inflow and consumption and to subtract this by the average inflow and consumption of that month, the relative inflow and consumption makes the variables better than the absolute variables consumption and inflow. Another important improvement is using the spot price change instead of the average spot price. At both theories performs the spot price change better than the average spot price. 
Based on the conclusions above the main question: “The theory of storage is equally relevant for the NPX electricity market as the expectations theory” can be answered. The convenience yield is not relevant for the forward price by itself because of the negative convenience yield at winter months and the forecasting power of the forward basis. But the convenience yield adds information to the regression for the prediction of the variability of the risk premium, so it is important to know what the underlying factors are that influences the convenience yield as the risk premium is directly and indirectly influenced. 
6.2 Research limitations 
There are several limitations to this research and methodological and theoretical inclinations are possible. As the research is only been done for the period 2005-2008, it is desirable that in a follow-up study a larger period and more recent data will be used. Another methodological limitation to the study is the fact that the regressions used all data, there has not been made use of in and out of sample data which could influence the regression and there has been done no research to interaction between independent variables or the addition of multiple lags of one variable in the regression. 
The thesis is intended to use descriptive statistics and simple regression analysis to research the risk premium and the convenience yield and is not meant to use for trading or to give trading advice. 
6.3 Suggestions further research 
Table 19c points out that combining the skewness and variance with estimated consumption minus month average, estimated inflow minus month average, estimated spot price change and reservoir level will give a significant result concerning estimated spot price change, reservoir level, variance and skewness. Till then variance and skewness never showed a significant influence and replacing variance and skewness with the forward basis shows that the forward basis also has a significant influence for the first time.

As the forward basis finally becomes significant, another test for the usefulness of the convenience yield is done. As variance and skewness are now also important variables for the risk premium, the equation for the risk premium is made together with variance and skewness and the forward basis. Variance and skewness have seasonality, just like the physical variables reservoir level and consumption and combining these four variables with the forward basis could possibly make the forward basis significantly different from zero because the other variables account for the seasonality. The variables are at time of trading, t, in the regression, because the information needs to be at the same time as the forward basis as the variables account for the seasonality of that time. The equation reads as follows:
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Dependent variable risk premium

	
	Coefficient
	Prob.  

	Reservoir level t
	-2.04E-06
	0.1952

	Consumption t
	-1.26E-05
	0.0721*

	Forward basis t
	0.023735
	0.0745*

	Skewness hourly t
	0.051704
	0.0145**

	Variance hourly t
	-0.001346
	0.0236**

	C
	0.029230
	0.7700


R2 0.207 Adjusted R2 0.090
Table 20. Risk premium; Forward basis together with skewness and variance and the physical variables reservoir level and consumption.
The forward basis is only significant at the 10% significance level and the R2 is very low. However the result shows that when physical variables like reservoir level and consumption and financial variables like skewness and variance account for seasonality, the forward basis becomes significantly different from zero, which makes that it can be better used for the theory of storage. 

Like already mentioned in chapter 4.1, equation 8a/8b, when beta is positive, significantly different from zero, it means the forward basis contains information about the premium to be realized at T;  predictable variation in realized premiums is evidence of time-varying expected premiums and as the expected premium reflects the dependence on interest rates, storage costs and convenience yield that changes over time this is in agreement with the theory of storage (Bloys van Treslong and Huisman; 2010). Yet there is no theoretical background and because of the very low significance and a beta that is only 0.02 further research is needed.

Another suggestion for further research is that this research is based on a one-factor model, namely one factor of the NPX market, the hydro market. However the energy price is also influenced by thermal and nuclear power. Further research is required with a two-factor model, like with gas prices, to see what the influence of changing gas prices is on the NPX market and on the convenience yield. The last suggestion is to add precipitation or other weather conditions or forecasts, to see what the influence is on the risk premium and the convenience yield. 
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Appendix A
VAR is only valid when the time series can be considered stationary. If the process has a unit root, than it is a non-stationary time series, the table below shows that the null hypotheses are rejected, so the time series of spot and forward must be considered stationary. So VAR is applicable.
	Null Hypothesis: D(STREAL) has a unit root
	

	Exogenous: Constant
	
	

	Lag Length: 0 (Automatic based on SIC, MAXLAG=9)

	
	
	
	t-Statistic
	  Prob.*

	Augmented Dickey-Fuller test statistic
	-5.280246
	 0.0001

	Test critical values:
	1% level
	
	-3.615588
	

	
	5% level
	
	-2.941145
	

	
	10% level
	
	-2.609066
	

	*MacKinnon (1996) one-sided p-values.
	

	
	
	
	
	

	Augmented Dickey-Fuller Test Equation
	

	Dependent Variable: D(STREAL,2)
	

	Method: Least Squares
	
	

	Included observations: 38 after adjustments
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	D(STREAL(-1))
	-0.876201
	0.165940
	-5.280246
	0.0000

	C
	0.324533
	1.214634
	0.267186
	0.7909

	R2
	0.436452

	Adjusted R2
	0.420798

	
	
	
	
	

	
	
	
	
	

	Null Hypothesis: D(FORWARD) has a unit root
	

	Exogenous: Constant
	
	

	Lag Length: 0 (Automatic based on SIC, MAXLAG=9)

	
	
	
	t-Statistic
	  Prob.*

	Augmented Dickey-Fuller test statistic
	-3.538681
	 0.0122

	Test critical values:
	1% level
	
	-3.615588
	

	
	5% level
	
	-2.941145
	

	
	10% level
	
	-2.609066
	

	*MacKinnon (1996) one-sided p-values.
	

	
	

	Augmented Dickey-Fuller Test Equation
	

	Dependent Variable: D(FORWARD,2)
	

	Method: Least Squares
	
	

	Included observations: 38 after adjustments
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	D(FORWARD(-1))
	-0.545114
	0.154044
	-3.538681
	0.0011

	C
	0.309154
	0.947956
	0.326127
	0.7462

	R2
	0.258073

	Adjusted R2
	0.237463


Appendix B 
Research at the change of the spot price from trading day until delivery can be done in four different ways, because there can be made use of monthly averages or daily quotes. ST is the realized average spot price in delivery period, so that is always averaged. St is the day-ahead price on quote date and Ft,T is the daily forward price. So the first option is ST monthly-St daily =Ft,T daily-St daily, but if you want that ST and St are the same, both monthly, than St daily to St monthly gives the second option; ST monthly – St monthly = Ft,T daily – St monthly and if you want them to be all the same, than the third option is ST monthly – St monthly = Ft,T monthly – St monthly and the last option is ST monthly average –St day ahead daily = Forward average –St daily, than is at the left and right side of the equation the same deducted. The results are in table 1. The betas are all significant different from zero and at 3 of the 4 regressions the beta is close to one. This means that the basis, Ft,T-St, contains information about the change in the spot price from t to T; the futures price has power to forecast the future spot price. As already mentioned the betas of equation 7 and 8 sum up to one, so from the results can also be concluded that the expected premium does not reflect the dependence on interest rates, storage costs and convenience yield.

Dependent variable Δ St,T
	
	c
	Beta Ft,T-St
	R2

	ST monthly – St daily = 

C +F daily- St daily
	-2.515
0.0000***
	0.949
0.0000***
	0.232


	ST monthly – St monthly = 

C +F daily –St monthly
	-1.470

0.0000***
	0.610

0.0000***
	0.115



	ST monthly – St monthly =

C +F monthly –St monthly
	-2.767

0.0620*
	1.095
0.0033***
	0.206



	ST monthly –St daily=

C + F monthly – St daily
	-2.657

0.0000***
	1.023
0.0000***
	0.348



Table 1.

Dependent variable relative Δ St,T
	
	c
	Beta
	R2

	Ln(ST m /St m)=

C+(F d – St m)/St m
	-0.060

0.0000***
	0.739

0.0000***
	0.237


	Ln(ST m /St d)=

C+(F d– St d)/St d
	-0.075

0.0000***
	0.876
0.0000***
	0.337



	Ln(ST m /St d )=

C+(F m– St d)/St d
	-0.077

0.0000***
	0.852
0.0000***
	0.401


	Ln(ST m /St m)=

c+ (F m-St m)/St m
	-0.080

0.0256**
	0.997
0.0002***
	0.313




Table 2. m= monthly d= daily
The relative change of the spot price is estimated with the relative forward price, 
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/

)

[(

)

/

(

,

t

t

T

t

t

T

S

S

F

c

S

S

Ln

-

+

=

b

, for the results see table 2. The betas are lower than at table 1, however they are all again significantly different from zero and the R2 is increased.
Appendix C
When we use variance and skewness for the convenience yield than both are again not significant, see table 1 of Appendix C. In figure 1 of Appendix C the convenience yield and the risk premium are compared with the variance (standard deviation) and skewness. In summer when the convenience yield is declining variance and skewness are high, conversely in winter skewness and variance are as well high, so from the figure it was expected that skewness and variance do not have a significant influence on the risk premium and the convenience yield. 
Dependent variable convenience yield

	
	Coefficient
	Prob.  

	Skewness
	-0.016
	0.436

	Variance
	-0.001
	0.396

	C
	-0.042
	0.036


R2 0.042 Adjusted R2 -0.010
Table 1a of Appendix C. Convenience yield: Again variance and skewness are not significant.
Dependent variable risk premium
	
	Coefficient
	Prob.  

	Skewness hourly 
	0.019
	0.1956

	Variance hourly
	-0.0004
	0.3219

	C
	-0.072
	0.0149


R2 0.076455 Adjusted R2 0.026533
Table 1b of Appendix C. Risk premium: Variance and skewness hourly.
Dependent variable convenience yield

	
	Coefficient
	Prob.  

	Skewness hourly 
	0.017
	0.0298

	Variance hourly
	-0.0005
	0.0380

	C
	-0.048
	0.0024


R2 0.121870 Adjusted R2 0.074404

Table 1c of Appendix C. Convenience yield: Variance and skewness hourly.
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Figure 1 of Appendix C.
Dependent variable Δ St,T
	Forward basis
	Variance and skewness

	
	Coefficient
	Prob.  
	
	Coefficient
	Prob.  

	C
	0.095
	0.5240
	C
	-0.099
	0.6038

	Reservoir level
	-2.52E-06
	0.0979
	Reservoir level
	1.83E-06
	0.2490

	Inflow
	-2.43E-05
	0.0082
	Inflow
	-1.24E-05
	0.2749

	Consumption
	-1.36E-06
	0.9095
	Consumption
	4.41E-06
	0.8123

	Spot price
	-0.006509
	0.0060
	Spot price
	-0.005
	0.1131

	Summer
	0.282
	0.0110
	Summer
	0.241
	0.1634

	Inflow*Summer
	1.83E-05
	0.0692
	Inflow*Summer
	1.02E-05
	0.4462

	Forward basis
	0.054
	0.0000
	Variance
	0.001
	0.5559

	
	
	
	Skewness
	0.024
	0.6596

	R2 0.597
	R2 0.315

	Adjusted R2 0.509
	Adjusted R2 0.139


Table 2 of Appendix C. Forward basis in stead of variance and skewness improves the regression, it does not even matter when at the regression of variance and skewness t is changed to T.
Dependent variable convenience yield 

	
	Coefficient
	Prob.  

	Reservoir level
	-2.67E-06
	0.0000

	Inflow
	3.70E-07
	0.7938

	Consumption
	-2.40E-06
	0.4173

	Average spot price
	0.001
	0.1631

	Variance hourly*
	-0.0005
	0.0375

	Skewness hourly*
	0.017
	0.0304

	C
	0.102
	0.0575


R2 0.627 Adjusted R2 0.559

Table 3a of Appendix C. Imitation of regression Botterud et al. (2009) for the convenience yield.  

*For daily skewness and variance see table 3b.
Dependent variable convenience yield 

	
	Coefficient
	Prob.  

	Reservoir level
	-2.80E-06
	0.000

	Inflow
	-5.35E-07
	0.688

	Consumption
	5.54E-08
	0.985

	Average spot price
	0.001
	0.230

	Variance daily
	-0.001
	0.214

	Skewness daily
	-0.0002
	0.991

	C
	0.121
	0.029


R2 0.589 Adjusted R2 0.514
Table 3b of Appendix C. Imitation of regression Botterud et al. (2009) for the convenience yield.  

Dependent variable risk premium

	
	Coefficient
	Prob.  

	Reservoir level
	-9.70E-07
	0.444

	Inflow
	-2.07E-06
	0.569

	Consumption
	-6.66E-06
	0.414

	Average spot price
	-0.003
	0.312

	Variance daily
	-0.0005
	0.797

	Skewness daily
	0.058
	0.154

	C
	0.111
	0.445


R2 0.108 Adjusted R2 -0.054
Table 4a of Appendix C.

Dependent variable risk premium

	
	Coefficient
	Prob.  

	Reservoir level
	-2.08E-06
	0.2297

	Inflow
	-3.74E-06
	0.3212

	Consumption
	-6.68E-06
	0.4104

	Average spot price
	-0.004
	0.1419

	Forward basis
	0.016
	0.2345

	C
	0.186
	0.2492


R2 0.090 Adjusted R2 -0.044

Equation:
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Table 4b of appendix C. Risk premium; Regression like table 7a, variance and skewness replaced by forward basis. 

Dependent variable risk premium

	
	Coefficient
	Prob.  

	Spot price t
	-0.005
	0.0521

	Forward basis t
	0.017
	0.1449

	E(Inflow T)
	-9.68E-06
	0.0064

	E(Consumption T)
	-1.57E-05
	0.0316

	C
	0.311
	0.0637

	Reservoir level t
	-3.40E-06
	0.0602


R2 0.260 Adjusted R2 0.148

Table 5 of Appendix C. Reservoir level at time T replaced by reservoir level at time t. Almost no difference in prob. and the R2.

Appendix D
The extended version of table 9.

Dependent variable convenience yield

	
	c
	beta
	R2
	Adjusted R2

	Variance hourly t-1
	-0.064

0.0002***
	0.0002
0.1023
	0.071

	0.045



	Variance hourly t
	-0.055

0.0008***
	8.66E-06

0.8705
	0.0007


	-0.026


	Variance hourly T
	-0.050
0.0026***
	-4.53E-05

0.3974
	0.019


	-0.007



	Skewness hourly t-1
	-0.063

0.0001
	0.007

0.0154**
	0.149


	0.126



	Skewness hourly t
	-0.057

0.0005
	0.001

0.5023
	0.012


	-0.014



	Skewness hourly T
	-0.050

0.0021
	-0.002

0.3382
	0.025


	-0.002



	Variance daily t
	-0.042

0.0383**
	-0.001

0.3216
	0.026


	0.000



	Skewness daily t
	-0.054

0.0006***
	-0.019

0.3524
	0.023


	-0.003



	Reservoir level t
	0.162

0.0000***
	-2.91E-06

0.0000***
	0.539


	0.527



	Reservoir level t-1
	0.105

0.0185**
	-2.16E-06

0.0003***
	0.296


	0.277



	Reservoir level T
	0.148

0.0005
	-2.69E-06

0.0000***
	0.441


	0.426



	Reservoir change t
	-0.054

0.0006***
	-1.04E-06

0.3337
	0.025


	-0.001



	Reservoir change t-1
	-0.054

0.0002
	-3.04E-06

0.0049***
	0.195


	0.174



	Reservoir change T
	-0.057

0.0003
	2.11E-06

0.0519*
	0.098


	0.074



	Spot price, month t
	-0.113

0.0191**
	0.002

0.1930
	0.044


	0.019



	Spot price, month t-1
	-0.097

0.0462
	0.001

0.3600
	0.023


	-0.004



	Spot price month T
	-0.041

0.4029
	-0.000

0.7713
	0.002


	-0.025



	Spot change t,T
	-0.052

0.0003***
	-0.222

0.0014***
	0.245


	0.224



	Spot change t-1,t
	-0.056

0.0005
	0.051

0.4875
	0.013


	-0.014



	Forward t-1,t
	-0.076

0.1379
	0.001

0.6781
	0.005


	-0.022



	Forward t,T
	-0.049

0.3300
	-0.000

0.9001
	0.000


	-0.026



	Forward T,T+1
	-0.016

0.7497
	-0.001

0.4361
	0.016


	-0.010



	Forward price change t,T
	-0.052

0.0009
	-0.143

0.1335
	0.060


	0.034



	Forward price change t-1,t
	-0.054

0.0007***
	-0.122

0.2037

	0.043


	0.017



	Consumption t
	-0.054

0.0005***
	2.56E-06

0.3784
	0.020


	-0.005



	Consumption t-1
	-0.056

0.0001***
	8.59E-06

0.0022***
	0.226


	0.205



	Consumption T
	-0.055

0.0006
	-3.85E-06

0.1957
	0.045


	0.019



	Consumption minus month average t
	-0.054

0.0006***
	-1.32E-05

0.3972
	0.019


	-0.007



	Consumption minus month average t-1
	-0.055

0.0006***
	-1.13E-05

0.4771
	0.014


	-0.013



	Consumption minus month average T
	-0.052

0.0005***
	-3.70E-05

0.0152**
	0.149


	0.126



	Inflow t
	-0.053

0.0007***
	-1.15E-06

0.3431
	0.024


	-0.002



	Inflow t-1
	-0.054

0.0003***
	-3.17E-06

0.0104**
	0.165


	0.142



	Inflow T
	-0.057

0.0003***
	2.28E-06

0.0614*
	0.091


	0.067



	Inflow minus month average t
	-0.053

0.0007***
	-4.41E-06

0.1817
	0.046


	0.021



	Inflow minus month average t-1
	-0.054

0.0005***
	-6.10E-06

0.0707*
	0.086


	0.061



	Inflow minus month average T
	-0.055

0.0008***
	1.38E-06

0.6829
	0.005


	-0.022




Table 1 of Appendix D.
All separate variables that were significant at table 9, table 1 of Appendix D, are now together without the variables where estimation is needed at table 2 of Appendix D.

Dependent variable convenience yield

	
	Coefficient
	Prob.  

	Reservoir level t-1
	3.31E-06
	0.1135

	Reservoir level t
	-6.48E-06
	0.0120**

	Reservoir change t-1
	-6.21E-06
	0.4513

	Consumption t-1
	-3.29E-06
	0.5872

	Inflow t-1
	9.50E-06
	0.2420

	Inflow minus month average t-1 
	-4.51E-06
	0.1314

	C
	0.185
	0.0008***


R2 0.609 Adjusted R2 0.536 
Table 2 of Appendix D. The R2 is this high almost entirely due to the reservoir level variable.
The regression including the physical significant variables that need estimation plotted at table 3 of Appendix D.
Dependent variable convenience yield

	
	Coefficient
	Prob.  

	Reservoir level t-1
	7.81E-06
	0.0653*

	Reservoir level t 
	-1.84E-05
	0.0436**

	E(Reservoir level T
	8.22E-06
	0.1045

	Reservoir change t-1
	-1.31E-05
	0.1916

	E(Reservoir change T)
	-3.51E-06
	0.6657

	Consumption t-1
	-4.61E-06
	0.5278

	E(Consumption minus month average T)
	-2.61E-05
	0.0596*

	Inflow t-1
	1.77E-05
	0.0584*

	E(Inflow T)
	-1.47E-06
	0.8504

	Inflow minus month average t-1
	-4.14E-06
	0.2171

	C
	0.126
	0.2001


 R2 0.699 Adjusted R2 0.587 
Table 3 of Appendix D.
Adding the financial significant variable spot change t,T to the regression makes the regression below:

Dependent variable convenience yield

	Variable
	Coefficient
	Prob.  

	Reservoir level t-1
	5.38E-06
	0.1843

	Reservoir level t
	-1.44E-05
	0.0940*

	E(Reservoir level T)
	6.76E-06
	0.1547

	Reservoir change t-1
	-1.90E-05
	0.0552*

	E(Reservoir change T)
	1.65E-06
	0.8351

	Consumption t-1
	-8.30E-06
	0.2416

	E(Consumption minus month average T)
	-1.29E-05
	0.3536

	Inflow t-1
	2.13E-05
	0.0187**

	E(inflow T)
	-6.91E-06
	0.3715

	Inflow minus month average t-1
	-2.82E-06
	0.3736

	E(Change spot price t,T)
	-0.141
	0.0336**

	C
	0.121
	0.1885


R2 0.747579  Adjusted R2 0.640785
Table 4 of appendix D. Changing Spot t,T to spot change t-1,t than the spot change t-1,t is also significant and the R2 changes just a fraction.
Dependent variable convenience yield

	
	c
	Beta 1
	Beta 2
	Beta 3
	Beta 4
	R2
	Adjusted R2

	Reservoir level +

Inflow (-1)
	0.159
0.0003***
	-2.85E-06

0.0000***
	-4.86E-07

0.6313
	X
	X
	0.545


	0.520



	Reservoir+ Inflow(-1)+

Inflow(-1)^2
	0.126

0.0277**
	-2.55E-06

0.0002***
	-1.71E-06

0.3297
	8.06E-11

0.3900
	X
	0.555


	0.517


	Reservoir+ Inflow(-1)+

Inflow(-1)^2+Inflow(-2)
	0.126

0.0552*
	-2.54E-06

0.0018***
	-1.71E-06

0.3593
	8.48E-11

0.3777
	-3.67E-07

0.7990
	0.560

	0.506




Table 5 of appendix D. Convenience yield; combination of the most significant physical variables.
Dependent variable convenience yield

	
	c
	Summer
	Beta 1
	Beta 2
	Beta 3
	R2
	Adjusted R2

	Reservoir level + Inflow + Inflow^2
	0.138

0.0025***
	X
	-2.71E-06

0.0000***
	-1.98E-06

0.1372
	7.65E-11

0.3552
	0.568


	0.533


	Summer + Reservoir level + Inflow + Inflow*Summer
	0.142
0.0029
	0.014

0.6459
	-2.82E-06

0.0000***
	-3.02E-06

0.2761
	2.20E-06

0.4930
	0.565


	0.516



Table 6 of appendix D. Convenience yield; combination of reservoir level with inflow in stead of inflow t-1.
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Figure 1 of Appendix D. Convenience yield and the inverse of the reservoir level plotted.
Dependent variables ST and FT,T+1
	
	Conv. yield
	Change S t,T

	Conv. Yield t-1
	0.597
	-0.626

	
	[ 3.68405]***
	[-1.51057]

	Change S t-1,t
	0.184
	-0.078

	
	[ 2.52818]*
	[-0.42076]

	C
	-0.025
	-0.024

	
	[-1.62341]
	[-0.60580]

	 R2
	0.283
	0.063

	 Adj. R2
	0.243
	0.011


Table 7 of appendix D. Unrestricted VAR test for the convenience yield and the spot price change from t to T. T-statistics in [ ].
Appendix E
Dependent variable risk premium

	
	c
	Beta 1
	R2
	Adjusted R2

	Variance hourly t-1
	-0.062
0.0371
	-0.0002

0.2382
	0.037


	0.011



	Variance hourly t


	-0.079

0.0066
	0.0001

0.2613
	0.033


	0.008


	E(Variance hourly T)

	-0.074

0.0138
	4.10E-05

0.6795
	0.005

	-0.022



	Skewness hourly t-1


	-0.067
0.0194
	-0.006

0.2663
	0.033


	0.007



	Skewness hourly t


	-0.079

0.0054
	0.005
0.1599
	0.051


	0.026



	E(Skewness hourly T)

	-0.074
0.0133
	0.001

0.6878
	0.004


	-0.022



	Variance t
	-0.058

0.1161
	-0.001

0.6297
	0.006


	-0.020



	Skewness t
	-0.073

0.0087***
	0.048

0.1881
	0.045


	0.020



	Reservoir Level t
	-0.041

0.6629
	-3.94E-07

0.7418
	0.003


	-0.023



	Reservoir Level t-1
	-0.050

0.5957
	-3.17E-07

0.7923
	0.002


	-0.025



	E(Reservoir Level T)
	-0.018

0.8495
	-6.98E-07

0.5712
	0.009


	-0.018



	Reservoir change t
	-0.070

0.0130**
	1.29E-07

0.9485
	0.000


	-0.026



	Reservoir change t-1
	-0.073

0.0108
	-1.93E-08

0.9926
	0.000


	-0.027



	E(Reservoir change T)
	0.028

0.0159
	-7.93E-07

0.6999
	0.004


	-0.023



	Spot price t
	0.023

0.7929
	-0.003

0.2625
	0.033


	0.007



	Spot price t-1
	0.074

0.3837
	-0.004

0.0723*
	0.085


	0.060



	E(Spot price T)
	-0.252

0.0043***
	0.005

0.0273**
	0.125


	0.101



	E(Spot change t,T)
	-0.077

0.0000***
	0.725

0.0000***
	0.766


	0.760



	Spot change t-1,t
	-0.074

0.0087***
	0.148

0.2722
	0.032


	0.006



	Forward t-1,t
	0.085

0.3366
	-0.004

0.0657*
	0.089


	0.064



	E(Forward t,T)
	0.015

0.8648
	-0.002

0.3274
	0.025


	-0.000



	E(Forward T,T+1)
	-0.217

0.0215
	0.004

0.0994*
	0.072


	0.047



	E(Forward price change t,T)
	-0.081

0.0000***
	0.891

0.0000***
	0.679


	0.670



	Forward price change t-1,t
	-0.076

0.0071***
	0.239

0.1733

	0.050


	0.024



	Consumption t
	-0.070

0.0128**
	-1.71E-06

0.7499
	0.003


	-0.024



	Consumption t-1
	-0.073

0.0108
	-2.14E-06

0.6968
	0.004


	-0.023



	E(Consumption T)
	-0.072

0.0120**
	-5.03E-06

0.3630
	0.022


	-0.004



	Consumption minus 

month average t
	-0.071

0.0100***
	3.27E-05

0.2532
	0.034


	0.009



	Consumption minus 

month average t-1
	-0.074

0.0096
	2.23E-05

0.4435
	0.016


	-0.011



	E(Consumption minus 

month average T)
	-0.074

0.0065***
	6.59E-05

0.0196**
	0.139


	0.115



	Inflow t
	-0.070

0.0128**
	3.82E-07

0.8650
	0.001


	-0.026



	Inflow t-1
	-0.073

0.0107
	3.31E-07

0.8889
	0.001


	-0.026



	E(Inflow T)
	-0.068

0.0173**
	-1.67E-06

0.4689
	0.014


	-0.012



	Inflow minus month average t
	-0.066

0.0159**
	-8.99E-06

0.1387
	0.057


	0.032



	Inflow minus month average t-1
	-0.073

0.0113
	-1.48E-06

0.8158
	0.001


	-0.026



	E(Inflow minus month average T)
	-0.063

0.0143**
	-1.72E-05

0.0035***
	0.208


	0.187




Table 1a. of Appendix E.
	Risk premium
	Convenience yield

	Physical variables

	Consumption minus month average T
Inflow minus month average T
	Reservoir level t / t-1 / T
Reservoir change t-1 / T
Consumption t-1
Consumption minus month average T
Inflow t-1 / T
Inflow minus month average t-1

	Financial variables

	Spot price t-1 / T

Spot change t,T

Forward t-1,t / T,T+1

Forward price change t,T
	Spot change t,T
Skewness hourly t-1


Table 1b. of appendix E. Risk premium compared to convenience yield. Significant variables when taken separate.


Dependent variable risk premium

	
	Coefficient
	Prob.  

	Reservoir level
	-2.80E-07
	0.8195

	Inflow
	-8.26E-07
	0.8334

	Consumption
	-9.76E-06
	0.2379

	Spot price
	-0.003
	0.3418

	Skewness hourly
	0.032
	0.1399

	Variance hourly
	-0.0008
	0.2124

	C
	0.048
	0.7407


R-squared 0.154 Adjusted R-squared 0.0006
Table 2a of Appendix E. Imitation of regression of Botterud et al. (2009)
Dependent variable risk premium

	
	Coefficient
	Prob.  

	Reservoir level
	1.60E-08
	0.9891

	Spot price
	-0.006328
	0.0198

	Variance hourly
	1.08E-05
	0.9790

	Skewness hourly
	0.005385
	0.7086

	Consumption minus month average
	1.05E-05
	0.7147

	Inflow minus month average
	-1.85E-05
	0.0194

	C
	0.152491
	0.2369


R2 0.269 Adjusted R2 0.136

Table 2b of Appendix E. Regression of Botterud et al. (2009) with consumption and inflow minus month average
Regression of risk premium like Botterud et al. (2009) with daily variance and skewness:
Dependent variable risk premium

	
	Coefficient
	Prob.  

	Reservoir level
	-9.70E-07
	0.4443

	Inflow
	-2.07E-06
	0.5689

	Consumption
	-6.66E-06
	0.4144

	Spot price
	-0.003
	0.3119

	Variance daily
	-0.0005
	0.7972

	Skewness daily
	0.058
	0.1538

	C
	0.111
	0.4452


R2 0.108 and adjusted R2 -0.054
Table 2c of Appendix E. Imitation of regression of Botterud et al. (2009) with daily variance and skewness

Dependent variable risk premium
	
	Coefficient
	Prob.  

	Reservoir level
	-5.08E-07
	0.6780

	Spot price
	-0.005
	0.0652

	Variance daily
	-0.0001
	0.9490

	Skewness daily
	0.042
	0.2713

	Consumption minus month average
	2.21E-05
	0.4611

	Inflow minus month average
	-1.48E-05
	0.0603

	C
	0.168
	0.2019


R2 0.229288 Adjusted R2 0.089158
Table 2d of Appendix E. Regression of Botterud et al. (2009) with consumption and inflow minus month average and daily variance and skewness 
Dependent variable risk premium

	
	Coefficient
	Prob.  

	Spot price
	-0.006
	0.0183

	Inflow minus month average
	-1.77E-05
	0.0109

	C
	0.158
	0.1013


R2 0.190182 Adjusted R2 0.146408

Table 3 of Appendix E. Only the significant variables

	
	c
	Summer
	Beta 1
	Beta 2
	Beta 3
	Beta 4
	R2
	Adjusted R2

	Spot price +  Inflow minus month average (+1) +Consumption  minus month average(+1) +Summer* Consumption  minus month average(+1)
	0.082

0.4111


	0.074

0.1150


	-0.005

0.0527*


	-1.84E-05

0.0018***


	5.65E-05

0.0515*


	-9.41E-05

0.1484


	0.445


	0.361




Dependent variable risk premium

Table 4a of Appendix E. Risk premium; summer added to estimated physical variables and the financial variable average spot price.

When summer is added for inflow and consumption, summer and the combinations with summer are not significant, however improves the adjusted R2. The adjusted R2 declines when summer*inflow is added extra.  

Dependent variable risk premium

	
	Coefficient
	Prob.  

	Reservoir level
	-4.37E-07
	0.7445

	Inflow
	-1.77E-05
	0.0719

	Consumption
	-1.50E-06
	0.9244

	Spot price
	-0.003
	0.2822

	Variance daily
	6.33E-05
	0.9746

	Skewness daily
	0.028
	0.5414

	Summer dummy
	0.192
	0.1917

	Inflow* summer dummy
	1.56E-05
	0.1763

	C
	-0.072
	0.6561


R2 0.274929 Adjusted R2 0.087815 

Table 4b of Appendix E. Same as table 1a. and added to the regression is summer and inflow*summer

When selecting the most significant variables inflow and spot price:

Dependent variable risk premium

	
	c
	Summer
	Beta 1
	Beta 2
	Beta 3
	Beta 4
	R2
	Adjusted R2

	Spot price+ 

Inflow + Spot price*Summer + Inflow*Summer
	0.016

0.9087
	-0.020

0.9184
	-0.006

0.0709*
	-1.89E-05

0.0050***
	0.006

0.1947
	1.83E-05

0.0183**
	0.298
	0.194


Table 5 of Appendix E.
Without any estimation the equation with the highest (adjusted) R2 is average spot price at t and inflow (minus average total) both with the summer dummy. The equation is 
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, this equation is a little bit better than when inflow is replaced with reservoir change at t (R2 0.286317 and Adj. R2 0.181363), because when adding the summer dummy to reservoir change, see table 6 of Appendix E for the results, the betas become significant and even the (adjusted) R2 is better than the R2 of inflow. However when spot price is added to reservoir change the spot price is not significant, so that the combination of inflow together with the average spot price has the highest R2.
However still not all variables are significant, when insignificant variables are excluded than average spot price with inflow minus month average has the highest R2. 
Dependent variable risk premium

Table 6 of Appendix E.

	
	c
	Summer
	Beta 1
	Beta 2
	R2
	Adjusted R2

	Reservoir change + Reservoir change*summer
	-0.218

0.0001***


	0.200

0.0164**


	-1.40E-05

0.0055***
	1.35E-05

0.0307**


	0.238


	0.175



	Inflow + Inflow*Summer
	-0.221

0.0002***
	0.200

0.0111**
	-1.82E-05

0.0076***
	1.78E-05

0.0191**
	0.225


	0.161




Dependent variable risk premium

	
	Coefficient
	Prob.  

	Spot price
	-0.005
	0.0537

	E(Consumption minus month average T)
	6.02E-05
	0.0615

	E(Consumption minus month average T) *Summer
	-9.83E-05
	0.1467

	E(Inflow minus month average T)
	-1.59E-05
	0.1249

	E(Inflow minus month average T)*Summer
	-3.47E-06
	0.7727

	Summer dummy
	0.075
	0.1158

	C
	0.085
	0.4038


R2 0.447 Adjusted R2 0.343
Table 7 of Appendix E.
Dependent variable risk premium

	Variable
	Coefficient
	Prob.  

	E(Consumption minus month average T)
	-1.25E-05
	0.0987

	E(Inflow minus month average T)
	-7.39E-08
	0.9729

	E(spot price T)
	0.027
	0.0000

	E(spot price change t,T)
	0.141
	0.0160

	E(Forward T)
	-0.025
	0.0000

	E(Forward price change t,T) 
	0.920
	0.0000

	C
	-0.042
	0.0625

	Summer dummy
	-0.028
	0.0337

	Summer* E(Consumption minus month average T)
	-2.40E-05
	0.1095

	Summer* E(Inflow minus month average T)
	-3.59E-07
	0.8862


R2 0.979 Adjusted R2 0.973
Table 8 of Appendix E. All significant variables of table 17 and added summer for the physical variables.
Dependent variable risk premium

	
	Coefficient
	Prob.  

	E(Consumption minus month average T)
	-1.30E-05
	0.0505

	E(Spot price T)
	0.027
	0.0000

	E(spot price change t,T)
	0.140
	0.0127

	E(Forward T)
	-0.025
	0.0000

	E(Forward price change t,T)
	0.925
	0.0000

	C
	-0.044
	0.0277

	Summer dummy
	-0.028
	0.0189

	Summer* E(Consumption minus month average T)
	-2.34E-05
	0.1010


R2 0.979 Adjusted R2 0.975
Table 9 of Appendix E. Omitted inflow, the rest the same as table 8.
Dependent variable risk premium

	
	c
	Beta 1
	Beta 2
	Beta3
	R2
	Adj. R2

	E(Consumption minus month average T) + E(Inflow minus month average T) + E(Change spot t,T)
	-0.073

0.0000***

	-1.58E-05

0.3227


	-5.85E-06

0.0699*
	0.715
0.0000***

	0.792


	0.775



R2 0.792 Adjusted R2 0.775 

Table 10 of Appendix E. Physical variables and financial variables estimated
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� For hedging producers hedge by selling (going short) and consumers & LSEs by buying (going long).


� http://www.nordpool.com/trading/productspecification/power


� At Appendix A the results of the stationary test.


� At Appendix B other ways of the calculation of the change of spot price regressions and their output are stated.
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