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Abstract 

Recent evidence of a downward sloping dividend price curve for the Euro Stoxx 50 index constitutes 

an interesting investment opportunity. In this thesis, we relate the imbalances on the dividend curve 

to the hedging caused by issuance of structured products. We examine how the imbalances on the 

dividend curve can be exploited optimally in a trading strategy by analyzing the performance of dif-

ferent trading strategies in the period from 2010 to 2019. We find that the optimal way to create 

dividend exposure is through synthetic forwards. Furthermore, we find that the most attractive expo-

sure is to the two-year dividends with a short holding period. We argue that this is due to a large 

dividend supply for this horizon causing a downward pressure on dividend prices. Combined with a 

strong pull-to-par effect on this part of the dividend curve this provides an attractive carry roll. The 

optimal trading strategy outperforms both the underlying index and equities in general represented 

by the S&P 500 index. We suggest that the outperformance is valid even when trading costs are 

accounted for, although the holding period should be slightly increased. 
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1. Introduction 

Europe has in later years experienced a significant increase in liquidity in the market for dividends. 

Especially, the dividend derivatives on the Euro Stoxx 50 index has had a significant increase in 

liquidity compared to other large global indices. The increased liquidity in dividend derivatives can 

be related to the issuance of structured products. Structured products, which are a hybrid asset class 

issued by banks, have arisen as a consequence of the low interest rate environment for yield seeking 

retail investors. In particular on the Euro Stoxx 50 index, the evolvement of issuances has increased 

significantly compared to other indices over the years and today the total level of issuance is still well 

above that of the other indices. The issuance of structured products implies a dividend exposure, 

which the banks for strategical and regulatory reasons cannot have, which is why the risk is hedged 

off. The hedging activities create a sales pressure in the market of dividends, which leads to falling 

prices for longer-dated dividends.  

The dividend term structure on the Euro Stoxx 50 index is downward sloping the longer the horizon. 

This tendency cannot be seen on any other index. The downward sloping term structure of dividends 

is contrary to the fundamental expectations of the dividends on the index. Analyst dividend forecasts 

are generally upward sloping for horizons of two- to three years and for longer horizons beyond the 

three-years, dividends are generally expected to follow an increasing stock market. Empirically, re-

alized dividends are also significantly higher compared to the traded levels on the index. 

The issuance of structured products and the hedging activities in relation to that imply, that an investor 

can exploit the sales pressure on dividends and the downward sloping term structure. That is essen-

tially by buying cheap on long term and selling expensive on short term.  

There are different ways one can buy dividends, hence create exposure to them. In this thesis we 

examine several dividend trading strategies by creating exposure to dividends in different ways. In 

addition to that, we refine specific strategies by implementing different hedging positions, partly to 

isolate the pure dividend exposure and partly to minimize the equity risk in the strategies. The aim is 

to find the strategy where an investor in the most optimal way can exploit the imbalances on the 

dividend term structure caused by structured products issuances.  

The performance of the strategies are continuously compared to specific chosen benchmarks. The 

comparison shall partly support the argumentation that a dividend exposure is an attractive investment 
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possibility and simultaneously provide indications of whether it has been more attractive to invest in 

the benchmarks.  

1.1. Problem statement 

To examine the topic described above we formulate the following problem statement to address the 

relevant issues: 

How can the structural imbalances on the dividend price curve of the Euro Stoxx 50 index be related 

to structured products and traded optimally? 

To answer the problem statement adequately, the following sub questions are sought answered. 

- What characterizes dividends? 

- How are dividends traded? 

- What are the different sources of risk in dividends? 

- How can structured products be related to the imbalances on the dividend price curve? 

- How can the imbalanced dividend price curve be exploited in trading strategies? 

- What is on average the optimal dividend trading strategy to exploit the imbalance? 

Word explanation 

By structural imbalance we mean that the dividend price curve is inverted i.e. downward sloping for 

the Euro Stoxx 50 index. Furthermore, we also mean by structural imbalance, that there is a significant 

divergence over time between the expectation of dividends made by analysts and the price of divi-

dends.  

By traded optimally we mean that we examine various trading strategies to find the best performing 

strategy on a risk adjusted basis compared to chosen benchmarks.  

2. Literature review 

Dividends have been the object of research for a long time. The initial research focused on dividends 

from a corporate finance perspective i.e. firms’ dividend payout strategies which in fact deviate from 

theoretical determination of dividends. In 1956 Lintner found that firms tend to smoothen their divi-

dends which as a result is observed to be relatively stable. When deciding a given year’s dividends 

the main focus is the change from the existing level rather than the level of dividends suggested by 
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current earnings. Management beliefs about stockholders preferring a stable dividend rate leads to 

conservatism and aversion towards changing the dividend rate if the decision might be reversed in 

the following years. As a result, an increase in dividends is made gradually with only some amount 

of the increase indicated by the firm’s financial performance in a given year. Further increases can be 

made the following year if still indicated. The conservative approach to increasing dividends is a 

result of an aversion towards decreasing dividend payments which cause a negative reaction from 

stockholders. The result is relatively stable dividends where the dividend rate is determined by last 

year’s dividends rather than the current year’s financial performance (Lintner, 1956). The signaling 

effect observed in this research is an important part of understanding the behavior of dividends. 

2.1. The equity term structure 

Recent research on dividends include study of the dividend term structure or the term structure of 

equity considering dividends as short-term equity investments. Research use dividend derivatives or 

dividend strip prices derived from options. Van Binsbergen & Koijen (2017), building on the findings 

of van Binsbergen, Brandt, & Koijen (2012), find that Sharpe ratios are higher for short-maturity 

claims, i.e. dividends, than for the stock market. The results are strongest for the Euro Stoxx 50 index 

where the difference is statistically significant and positive. It is also found that dividends are risky 

in terms of volatility but safe as measured by market beta. It is found that dividend futures prices are 

more volatile than the corresponding dividend realizations however, the dividend futures price is 

substantially lower than the corresponding realization. The research focus on using different asset 

pricing models to account for the observations regarding dividend strips and dividend futures. It is 

suggested that an alternative explanation is the effect of large institutions selling dividend exposure 

resulting in low prices. Specifically, it is suggested that banks sell dividend futures due to long divi-

dend exposure from selling structured products to retail investors. The dividend exposure is primarily 

absorbed by specialized institutions such as hedge funds and pension funds. This hypothesis is con-

sistent with recent literature emphasizing institutional investors’ role in asset markets (van 

Binsbergen & Koijen, 2017). 

Several other researchers address the same issue of a downward sloping equity term structure with 

dividends outperforming the stock index when looking at risk adjusted returns. However, the research 

is primarily from an asset pricing perspective with the purpose of successfully fitting an asset pricing 

model to the data. An example is Hasler & Marfè (2016) explaining the empirical observations using 
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a model with rare disasters followed by recoveries or Kragt, de Jong, & Driessen (2020) using 

dividend futures data to estimate a model to explain a large part of daily stock market returns.  

2.2. Dividend trading strategies 

Based on the findings described above regarding the high return for dividends compared to the un-

derlying index, Cejnek & Randl (2016) develops a trading strategy using dividend swaps. By com-

bining dividend swaps of two successive maturities they create portfolios with dividend exposure of 

constant maturity. The study is made using data on four different markets across Europe, the US and 

Japan. The authors find that the dividend strategy outperforms the underlying index both in terms of 

risk adjusted and absolute returns. However, part of the explanation might be a high level of downside 

risk and risk adjusted return diminishes when accounting for options based risk factors.  

The authors find that the one-year constant maturity dividend strategy outperforms the underlying 

market in three out of four markets, among them the Euro Stoxx 50, looking at a seven-year time 

horizon. The one-year constant maturity strategy also outperforms a similar five-year constant ma-

turity strategy. The strategies are rebalanced every week to maintain a constant maturity. 

2.3. Structured products affecting the dividend term structure 

Bunsupha & Liao (2018) argue that pricing of dividends is affected by dividend supply from issuance 

of structured products. They find that dividend supply shocks explain the variation in implied divi-

dends.  

Looking at dividend yields derived from synthetic forwards with maturities up to five years, 

Bunsupha & Liao find some variation in the dividend yield term structure for S&P500 across time 

and it appears to be pro-cyclical. Conversely for the Euro Stoxx 50 index, the dividend yield term 

structure is inverted throughout time. This observation is linked to the fact that European markets 

have the highest concentration of structured products.  

Bunsupha & Liao argue that the key determinant of dividend prices is dividend supply. They argue 

that banks’ need to offload dividend risk from issuance of structured products was the main reason 

for creating dividend markets. They develop a market specialization theory based on demand and 

supply. As retail investors demand structured products as a way to obtain higher yields, the issuers of 

these products have dividend exposure. This causes significant risk for exotic trading desks which 

have limited risk-bearing capacity. Thus dividend supply increases as exotic trading desks offload the 
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dividend risk. Bunsupha & Liao find that it is primarily the dividend yields with maturities between 

two to five years which are affected as this matches the typical maturity of structured products.   

It is argued that issuance of structured products suppres dividend prices due to supply chocks thus 

creating the empirically observed high return for dividends. To test the theory, data on issuance of 

structured products is used as a proxy for dividend supply. It is found that the dividend yield term 

structure is in fact more inverted during periods with high issuance indicating a link between the two. 

The results are based on dividend yields derived from synthetic forwards. Although dividend yields 

measured from different instruments are roughly aligned it is shown that there is some difference 

between the instruments. Thus the choice of instrument is relevant in a trading strategy.  

2.4. The contribution of this study 

As described above a lot of research has been done about dividend derivatives and the equity term 

structure. The majority of research focus on asset pricing models whereas only a few studies link the 

empirical observations to the issuance of structured products and the corresponding hedging. How-

ever, hedging from structured products issuance has been suggested as an explanation (van 

Binsbergen & Koijen, 2017) and a connection between dividend prices an issuance of structured 

products has been found (Bunsupha & Liao, 2018). This research builds on the established link be-

tween issuance of structured products and dividend prices. The focus is on how the pricing effect 

caused by hedging of structured products can be exploited in a trading strategy. In contrast to the 

trading strategies studied by Cejnek & Randl (2016), the strategy developed in this thesis considers a 

high degree of carry roll which was not the case in the former study due to weekly rebalancing main-

taining a constant one-year maturity.  

3. Methodology 

3.1. Delimitations 

In the existing literature, dividend trading strategies are explored for different markets. We limit our 

study to the Euro Stoxx 50 Index. Therefore, we will not examine the different strategies for other 

indices. There are primarily two reasons for that. Firstly, we do not observe structural imbalances on 

other indices corresponding to that of the Euro Stoxx 50 index. Secondly, a significant amount of data 

must be managed, thus to obtain a sharp and accurate study, we focus on this particular market.  
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The data we are using to execute the different trading strategies is ranging in the time period from 

start 2010 to the end of 2019. That means our study is limited in the sense of not including major 

bearish markets. Except for short periods in 2011, 2015 and 2018, our sample period is primarily 

characterized by bullish markets, hence our different strategies will e.g. not be tested during a finan-

cial crisis. This is due to data availability.  

The hypothesis of our thesis is that hedging activities related to issuance of structured products are 

causing the structural imbalance on the dividend price curve. We do not test this relationship, thus we 

do not prove a causality or correlation. Nonetheless, we explain why one can argue that the issuance 

can influence the dividend price curve. The reason for this limitation is that the primary scope of our 

study is to exploit the imbalance in a trading strategy. 

In relation to the beforementioned hedging activities, we explain how the hedging can be done in 

general, meaning we illustrate and explain the exposure created from issuing structured products and 

how that exposure can be hedged. Hedging risk is complex and the hedging activities in large financial 

institutions, who are the issuers of structured products, are more multifaceted than we show. For 

example, we limit our explanation of hedging to not include greeks, except for delta hedging which 

is considered. Surely other greeks constitute a significant part of the hedging activities in reality. The 

reason for this limitation is that it requires a deep insight into to the risk management of financial 

institutions, which is inaccessible to the public.  

In the creation of our strategy we do not apply trading costs. The primary reason for this is that our 

data is OTC data consisting of quoted prices and not traded prices. Due to this, bid-ask spreads are 

not available in our dataset. However, we discuss the potential impact from applying trading costs.   

3.2. Structure of thesis 

In this section of the thesis we describe and explain the data we use for our analysis and subsequently 

to create our strategies. In this section, we also describe how we treat the large volume of data to 

obtain a structured dataset that is manageable.  

In section 4, we provide a general description of dividends including their properties and how they 

are traded. In addition to that, we look at the issuance volume of structured products and build a link 

between the issuance and the historical volume of dividend trading. We also explain how dividend 

expectations are made and how this can shed light on the phenomenon of a structural imbalance on 

the dividend price curve. Furthermore, we elaborate more in detail, the issuance of structured products 
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and the related hedging activities. This includes an explanation of the background of structured prod-

ucts, how the payoff is determined and how the exposure is for both buyer and issuer. Ultimately, the 

exposure is related to hedging activities and the impact on the dividend price curve is explained.  

In section 5, we explain in detail how we create exposure to dividends in various ways. We start by 

explaining simple dividend strategies and gradually expand them to more sophisticated strategies 

where the exposure is created synthetically. Furthermore, we also implement different hedging posi-

tions.  

In section 6, we provide a description of how we measure the performance of the strategies. This 

includes a description of how we measure profit, of how we calculate returns and what assumptions 

we are applying. Furthermore, we elaborate on the choice of two different performance measurement 

approaches and how they complement each other.  

In section 7, we analyze and evaluate the performance of the different strategies. Furthermore, we 

relate our findings to the theory and knowledge obtained throughout the thesis. We also evaluate the 

performance of the strategies to chosen benchmarks using risk-adjusted performance measures. 

In section 8 and 9, we conclude on our findings and subsequently discuss how the topic could be 

expanded in further research.  

3.3. Data 

In this section, we provide a description of the data we use in the creation of our different trading 

strategies, including the data source and further treatment of the data. 

As described in the section 3.1, the sample period in our analysis is from 04/01-2010 to 31/12-2019. 

This is equivalent to 2,544 trading days of data.  

Our trading strategies are carried out using option data with the Euro Stoxx 50 index as the underlying 

asset. The listed market for this type of option data is illiquid for longer horizons especially beyond 

one year. Therefore, we collect Over-The-Counter (OTC) option data from two large undisclosed 

banks. The data collected on the options is quoted prices, hence it is not traded prices but prices used 

by the banks to value their balance sheet. The data contains daily premium (price) for at-the-money-

forward (ATMF) options with one to five years maturity, including strike, fair rate, fair drift, and fair 

volatility. The term “fair” means that the parameters used to price the options are aligned with no-
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arbitrage relations. All options are European style meaning they can only be exercised at maturity. In 

appendix B, a further description of the option parameters and properties can be found.  

The option data from the two banks is confidential. Therefore, for us to be allowed to use the data in 

our study, we merge the data. That means prices etc. are averages between the two banks and not 

actual quoted prices. We are aware of the risk from using average prices and acknowledge the fact 

that it might distort our findings. 

From the two banks, we also collect data on the structured product issuance volume. We use the data 

to examine which market has the largest concentration of structured product issuance and relate the 

findings to the hypothesis of our thesis. In addition, we collect data on total return swaps with the 

Euro Stoxx 50 index as underlying to approximately separate the repo rate and the dividend yield in 

the forward prices. 

Furthermore, we collect data from Bloomberg. This includes risk-free rates, swap rates, EONIA rates, 

index futures, index spot values, dividend futures prices, dividend futures volume and dividend ex-

pectations1. The data on dividend expectations is used in our explanation of how dividend expecta-

tions are made and how the expectations are correlated to equities. From the dividend futures data, 

we explain and illustrate the inverted dividend price curve and show the increasing divergence be-

tween dividend futures and realized dividends. We also apply dividend futures in our strategy frame-

work. The data on dividend futures volume show the intensity of dividend futures trading on different 

markets and with different maturities. By examining the volume, we relate the volume of trading to 

where the demand of hedging is largest in relation to issuance of structured products. The data on 

swap rates, we use to create interest rate swap positions as a hedge in the more sophisticated trading 

strategies. In relation to the swap positions, we discount the cash flows assuming instantaneous for-

ward rates are piece-wise constant, which is a method called raw interpolation. The data on EONIA 

rates, we use in our strategies to calculate the interest payments on collateral on forwards, index 

futures and dividend futures. The data on risk-free rates is represented by EURIBOR rates. The risk-

free rates are used to calculate Sharpe ratios in the performance measurement section. Lastly, we 

collect the spot price of the Euro Stoxx 50 index and the S&P500 index to calculate benchmark re-

turns, Mark-to-Market value of forwards, etc. 

 

1 Bloomberg tickers can be seen in appendix A 
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The frequency of all collected data is daily. Hence, we have daily observations for prices, interest 

rates etc. Subsequently, we make sure that every data type has an observation on any given day mean-

ing we end up having 2,544 days of data for every data type.  

3.4. Validity and reliability 

To evaluate the quality of our results we consider the measurement of validity and reliability. Validity 

measures to what extend the analysis answers the stated question. Our main question to answer is 

how the imbalances on the dividend curve can be related to structured products and traded optimally. 

In relation to the first part, regarding how the imbalance can be related to structured products, the 

validity of our study is relatively low as our findings do not prove causality. We simply link different 

observations to support our hypothesis, but the hypothesis is not tested thus we cannot be sure that 

there is a causal link. As for the second part, regarding how the imbalance can be traded optimally, 

the validity of our study is much higher. Firstly, our analysis considers different ways to obtain the 

desired exposure thus making sure that our approach is optimal. Secondly, we consider which factors, 

besides the one we are analyzing, that could affect the results thus making sure that we are measuring 

the profitability of exposure to the dividend curve. 

Reliability refers to whether we are using the right methods to answer our question and whether our 

data is a true reflection of reality. In relation to the first point, we use risk adjusted performance which 

we argue is the best way to determine the optimal trading strategy. Furthermore, we use two different 

approaches and three different risk measures to avoid bias due to the choice of measurement method. 

This increases the reliability of the analysis. In relation to our data we argue that part of our data truly 

reflects reality as it consists of traded prices for exchange traded products. This is associated with 

high reliability. However, a large part of the analysis is based on OTC price data, which is quoted 

prices meaning that prices can differ between different sources. Thus, we cannot know for sure 

whether we would have been able to trade at these prices if the strategy was implemented. To accom-

modate this, we have collected data from two different sources to avoid bias which strengthens the 

reliability of the analysis. 

The conclusion is that our analysis has both strengths and weaknesses regarding both validity and 

reliability. We argue that we take the necessary precautions to accommodate the weaknesses if pos-

sible and otherwise avoid making conclusions which we do not have the basis to make. 
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4. Theory 

In this section, we start by describing our market of interest. Then, we elaborate on the properties of 

dividends, how they are traded historically and the findings of the structural imbalance that we can 

observe directly from dividend futures. We relate the findings to other markets than the Euro Stoxx 

50 index to emphasize why this market is particularly interesting.  

4.1. The Euro Stoxx 50 index 

The Euro Stoxx 50 index is the market of interest in our study. It is an index consisting of the 50 

largest and most liquid companies from 11 different countries in Europe. According to Stoxx, which 

is the index provider, it provides a representation of all the blue-chip sector leaders in Europe. It was 

introduced in January 1987 and today the free-floating market capitalization is approximately € 2 

trillion.  

The index is licensed to function as an underlying asset to various financial instruments such as Ex-

change Traded Funds (ETFs), options and structured products. This property is essential to our study 

as the hypothesis for the mispriced dividends on the index is based on the issuance of structured 

products with the Euro Stoxx 50 index as underlying. Furthermore, the property that options can be 

traded with the Euro Stoxx 50 index as underlying makes our option strategy possible.  

The index is one of the most traded and liquid indices in the Eurozone. To maintain a continuously 

liquid index, constituents are deleted from the index if the stock is not traded for ten consecutive days 

and/or is suspended from trading (STOXX, 2019). Another reason for the liquidity in the index is that 

it is tractable for replicating purposes. As there are only 50 constituents in the index compared to e.g. 

500 in the S&P500 index, hedging activities are more manageable for institutional investors. We 

argue that the latter constitutes an essential element for our hypothesis. From the perspective of a 

financial institution, issuing structured products is more desirable on an index where the risks are 

easier to hedge, hence there is a solid foundation for hedging activities causing structural imbalances.  

From this description of the market of interest we continue by describing the primary asset of interest 

which is dividends. 

4.2. Dividends 

Dividends are a fraction of the company earnings paid out to its shareholders, thus it is a way to 

reward the shareholders. Dividends are managed by a company’s board of directors who decide how 
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large the dividend payout should be. Not all companies pay dividends. The technology sector has 

been known for not paying out attractive dividends but rather reinvest the earnings. In contrast, com-

panies in e.g. the financial sector are known to pay out high dividends on average. Today, the majority 

of companies pay dividends, but the contribution varies from sector to sector.  

Theoretically firms pay dividends when investment opportunities generate an internal rate of return 

which is lower than the shareholders’ required rate. However, in practice there are several other fac-

tors determining the firm’s dividend policy. It is determined by both shareholder- and firm specific 

factors. Relevant factors regarding shareholders include taxation of dividends compared to capital 

gains. If tax on capital gains is lower than tax on dividends, then the firm will be less likely to pay 

dividends and choose to payout by share repurchase rather than dividends. Factors such as the capital 

structure can affect the decision of paying dividends rather than increasing retained earnings. Firms 

usually have a long-term dividend payout target accommodating these factors.  

Firms deviate from the long-term optimal payout target for different reasons. During a crisis, payout 

ratios can increase as firms aim to pay constant dividends despite of decreasing earnings i.e. firms 

smooth dividends. In this case payout ratios can increase significantly as the focus is on the absolute 

levels of dividends. One reason to do this is to minimize dividend volatility. This is a factor in deter-

mining the equity premium and lower dividend volatility therefore causes lower required return from 

shareholders. Another important reason is the dividend signaling effect. Cutting dividends are often 

considered a sign of financial problems in the firm thus investors react negatively. Even when earn-

ings decrease, the firm often wants to keep dividend payments stable or steadily increasing to send a 

signal of financial health. Empirically it is found that markets react positively to announcements of 

dividend increase and negatively to dividend decrease (Allen & Michaely, 1995). Thus, firms have 

strong incentives to avoid decreases in dividends due to the signaling effect.  

History of dividend trading 

Traditional equity pricing models such as the dividend discount model, which estimates the value of 

equity as the present value of all future dividend payments (Brealey, Myers, & Allen, 2017), empha-

sizes the importance of dividends in relation to the equity market. Dividends are an essential part of 

the total return of equity investments. The total return of equities consists of capital gains from price 

movements and dividends. Throughout our sample period, dividends accounts for approximately 25% 

of the total return on the Euro Stoxx 50 index. In addition, whereas price movement is an unrealized 

gain when investing in equities, dividends are a source of income with regular payments. Traditional 
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income securities such as government bonds have offered a low yield in many years especially in 

Europe. This makes dividends an attractive source of income. 

In addition to being an essential part of equity return, an income source and signaling tool, dividends 

are an important parameter when pricing equity derivatives. An estimate of future dividends is re-

quired when pricing options, forwards, futures and swaps on equities and equity indices. Thus, divi-

dends are important when investing in both equities and derivatives.  

Traditionally dividends have been a by-product of equity investments. This means that dividends 

were primarily thought of as an element included in equity investments. However, in recent years 

dividends have increasingly become an asset class in its own traded through dividend derivatives. 

Dividend swaps started trading in the late 1990s shortly after Michael Brennan expressed the need 

for an implied dividend market due to dividends’ importance for asset pricing (Kragt, de Jong, & 

Driessen, 2020). Dividend swaps are Over-The-Counter (OTC) products first introduced by JP Mor-

gan as a way to offload dividend risk which is a result of selling structured products (Bunsupha & 

Liao, 2018). 

In 2008 dividend futures on the Euro Stoxx 50 index were introduced. The Euro Stoxx 50 index is 

the largest market for structured products relative to its size increasing the need for a dividend deriv-

atives market. Afterwards dividend futures have been introduced on FTSE100 in 2009, Nikkei225 in 

2010 and S&P500 in 2015 (Bunsupha & Liao, 2018). The Euro Stoxx 50 index is by far the most 

liquid market for dividends whereas S&P500 has low liquidity as there are fewer structured products 

related to this index and trading of dividends is still done primarily with dividend swaps rather than 

dividend futures. The relation between the high amount of dividend trading on the Euro Stoxx 50 

index, which is the largest market for structured products, and the low amount of dividend trading on 

S&P500, which is a small market for structured products relative to the size of the market, indicates 

a link between issuance of structured products and trading of dividends. 

Structured products issuance  

To strengthen the argument of a link between structured products and dividend trading, we can ex-

amine the empirical issuance volume of structured products on six large indices. Figure 1 shows the 

total issuance on the indices Euro Stoxx 50 (SX5E), S&P500 (SPX), Kospi 200 (KOSPI2), Nikkei 

225 (NKY), Russel 2000 (RTY) and Hang Seng Index (HSI).  
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Figure 1 – Total issuance of structured products on indices 

Total issuance covers both single index issuance and multi-index issuance. Multi-index issuances 

mean that the structured products are written on multiple indices where the worst performing index 

is determining the payoff of the structured product. We can from figure 1 observe that the total ag-

gregated issuance is largest for the Euro Stoxx 50 index with almost $450 billion in issuances. Then 

follows S&P500, Kospi 200 etc. It is notable that issuance of structured products for the Euro Stoxx 

50 index is almost 50% higher than for the S&P500, considering that the index market capitalization 

is approximately ten times lower for the Euro Stoxx 50. 

To see if newer issuance commensurate with past issuance, we can observe the total monthly issuance 

from start 2010 till the end of 2019 in figure 2. The figure shows that the Euro Stoxx 50 index con-

sistently is among the most frequently issued indices. It also shows that the issuance is growing sig-

nificantly to newer levels from the beginning of 2014. Following our argument of the linkage between 

issuance and dividend trading, the issuance data provides a solid foundation for this.    
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Figure 2 – Monthly issuance of structured products on indices since 2010 

Volume of dividend futures trading 

We have just shown that the structured product foundation is there for large volumes of dividend 

trading. Figure 3 shows the average volume per trading day for dividend futures on different indices. 

The Euro Stoxx 50 is by far the most traded index when looking at dividend futures. S&P500 has 

higher volume than Nikkei225 but relative to the size of the market, dividend futures do not trade 

much on S&P500. Generally, Euro Stoxx 50 is the only liquid market for dividend futures and thus 

the most suitable market for a dividend trading strategy and analysis based on dividend futures. 

Figure 3 – Dividends futures volume per trading day 
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A closer look at volumes for dividend futures shows an interesting pattern in relation to maturity of 

the contracts being traded. Figure 4 shows the volume for different maturities each year for the Euro 

Stoxx 50 index. 

 

Figure 4 – Dividend futures volume for different maturities on Euro Stoxx 50 

Figure 4 clearly shows that for each year the two-year contract is the most traded. As our hypothesis 

is that a large part of the dividend futures trading is caused by hedging of structured products, figure 

4 indicates that the dividend exposure is mostly hedged using the two-year contract. Some years, 

especially 2014 and to some extend 2018 and 2019, the three-year contract also has relatively high 

volume. It is interesting that the highest volumes are observed within the typical maturity of structured 

products, i.e. between two and five years. Maturities beyond this have relatively low volumes and 
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tracts less interesting for a dividend trading strategy and the analysis in section 7 will focus on ma-

turities up to five years. 

Observations from dividend futures 

Dividend futures trade with maturities up to ten years and expire on the third Friday in December for 

Euro Stoxx 50 and S&P500 and end of March for dividend futures on Nikkei225. Each dividend 

futures contract is for one year of dividends, i.e. the dividend futures maturing in December 2022 
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futures is paid and in return you receive the value of the accumulated dividends in the past year. Thus, 

the price of the dividend futures is the implied dividend for a given year. 

Figure 5 shows dividend futures prices for all maturities from one to ten years since 2008 for the Euro 

Stoxx 50 index. Generally, the one-year implied dividend is the highest and the ten-year implied 

dividend is the lowest. This means that investors pay significantly more for dividends paid within the 

next year than dividends paid further in the future. It is counterintuitive that long-term dividends are 

consistently cheaper than shorter-term dividends as there is no reason to believe that dividends would 

generally be decreasing through time. 

  

Figure 5 – Dividend futures prices with different maturities for Euro Stoxx 50 

To illustrate the consequence of the pattern in figure 5, figure 6 compares the dividend futures prices 

on 31st December 2012 with the realized dividends in the following years as an example. The dividend 

futures curve is downward sloping as illustrated by the line representing the dividend futures prices. 

This means that the price of dividends decreases with maturity which is the same conclusion as seen 

in figure 5. Figure 6 also shows a gap between the dividends implied by the futures and the realized 

dividends. The gap generally becomes larger with increasing maturity. This illustrates the idea of the 

dividend trading strategy as the dividend futures price is decreasing with maturity whereas realized 

dividends can be expected to increase over time. 
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Figure 6 – Dividend futures prices and corresponding realized dividends 

Figure 7 illustrates the size of the gap through time. The different lines in the graph shows the differ-

ence between the futures price and the corresponding realized dividends for different maturities. Gen-

erally, the longer-term dividend futures have higher gaps i.e. trade with larger discount. An exception 

to this is between 2008 and 2010 where the three-year gap is the largest. It should be noted that the 

one-year gap is generally close to zero indicating no mispricing of the nearest dividends. The two-

year gap is significantly larger although negative in a few cases. The spread for three to five years is 

generally large with larger spreads for longer maturities. This indicates that longer-term dividend 

exposure has very little risk of a negative return if held to maturity. Generally, the figure indicates 

that there is a very high probability of receiving more dividends than what you pay for the dividend 

futures. This is true for all maturities but the probability of buying at a discount increases with ma-

turity. Looking at figure 7, it is indicated that a dividend trading strategy should not include buying 

one-year dividends. Buying three- to five-year dividends appear attractive from this preliminary anal-

ysis. 
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Figure 7 – Spread between dividend futures and realized dividends over time 

It is noticeable that even though dividends dropped remarkably in 2009 as shown in figure 9, the one-

year dividend futures bought in December 2008 or start 2009, i.e. the only dividend futures expiring 

in 2009, still generated a positive return. It should be mentioned however, that due to the short ma-

turity, a high degree of information regarding firms’ performance was reflected in the price in De-

cember 2008 explaining why the return was positive despite of a large decrease in dividends. In fact, 

from the beginning of dividend futures trading end of June 2008 an until December 2008, the price 

of the 2009 dividend futures contract fell approximately 30% indicating that the prices in December 

2008 already reflected poor performance affecting dividends paid in 2009. In December 2009 prices 

on dividend futures had increased significantly causing all contracts bought in December 2009 to 

generate a relatively low return as the following years’ dividends did not increase accordingly. 

There seems to be a link between the pattern in the gap between expected and realized dividends and 

the movements in the Euro Stoxx 50 index shown in figure 8. All contracts bought in December 2008 

have been very cheap compared to the corresponding realized dividends, i.e. the gap has been very 

large. Looking at the Euro Stoxx 50 index it shows that the index had experienced a large decrease in 

December 2008 explaining why implied future dividends would be pessimistic. On the contrary, con-

tracts bought in 2009 were relatively expensive compared to the realized dividends in the following 

years, i.e. the gap was small and in one case negative. In December 2009, the index had experienced 

an increase and it could seem like the index was returning to the level from before the crash in 2008. 
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However, the increase did not continue which can explain why dividends did not reach the level 

implied by dividend futures in December 2009.  

However, the pattern can also be linked to hedging of structured products. As the index decreases 

delta of the structured products becomes close to one thus issuers need to hedge more hence become 

longer dividends as explained in section 4.3. The increased dividend exposure from hedging is sold 

in the dividend futures market pushing down prices (Bartholomew, 2019). The price movement of 

dividend futures is probably a combination of both explanations. However, in the fourth quarter of 

2018 when the market fell significantly, prices of dividend futures fell more than would be expected 

according to the beta of dividends, indicating that large decreases in the market results in an effect on 

dividend futures prices beyond what can be explained by the price movements in the index. Hedging 

of structured products might be the reason.  

 

Figure 8 – Price index of the Euro Stoxx 50 

Figure 6 illustrates an interesting point about the Euro Stoxx 50 index. The dividend curve is decreas-

ing, meaning that the price decreases with maturity. In figure 5 it is seen that this is generally the case 

through time. However, the realized dividends are typically increasing. Figure 9 shows that realized 

dividends are generally increasing steadily but with rare large decreases in dividends. This is in line 

with the behavior described earlier regarding signaling as firms prefer to steadily increase dividends 

and cuts are only made when absolutely necessary thus cuts are relatively large when they are made. 
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in dividends and the European debt crisis in 2011 also resulted in a dividend decrease in the Euro 

Stoxx 50 index. However, apart from times of crisis dividends tend to be increasing thus there is no 

explanation why Euro Stoxx 50 dividend prices generally decrease with maturity. A temporary down-

ward sloping dividend futures curve could be justified as an indication of an expected market crash. 

However, looking at realized dividends it cannot be explained why this downward sloping curve 

seems to be the general case for Euro Stoxx 50. 

 

Figure 9 – Realized dividends for Euro Stoxx 50 since 2008 

The downward slope of the dividend futures curve indicates that long term dividends can generally 

be traded at lower prices than what will most likely be realized. This makes the Euro Stoxx 50 index 

an interesting case for a dividend trading strategy. One possible explanation why dividends trade at a 

discount is uncertainty. As mentioned earlier payment of dividends are affected by different factors 

other than firms’ performance. Dividends are e.g. sensitive to tax regulation and a long horizon in-

creases the risk of unfavorable changes in regulation. The current crisis due to the COVID-19 virus 

also illustrates the risk related to dividends. The European Central Bank recommended in March 2020 

that banks do not pay dividends for the fiscal years 2019 and 2020. Since Banks is the largest sector 

in the Euro Stoxx 50 index, this will have a remarkable effect on the realized dividends for years 2019 

and 2020. In contrast, owning stocks also results in a loss however, an equity investment has the 

opportunity to earn back the money in the following period. A dividend futures expiring in 2019 or 

2020 does not have that opportunity. 
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the effect large enough to explain the downward sloping dividend futures curve on the Euro Stoxx 

100

110

120

130

140

150

160

170

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Realized dividends



Page 25 of 120 

 

50. After observing this tendency, we look to other markets to see, whether this is a general case or 

unique for Euro Stoxx 50. Figure 10 and 11 show the dividend futures for S&P500 and Nikkei225. 

Looking at S&P500, it shows that the relation is as intuitively expected. The one-year dividends are 

the cheapest and the ten-year dividends are the most expensive. This is in accordance with generally 

increasing dividends as seen historically. A comparison of the dividend futures for Euro Stoxx 50 and 

S&P500 indicates a unique opportunity in the European dividend market.  

 

Figure 10 - Dividend futures prices with different maturities for S&P500  

Nikkei225 shows a less clear tendency. The inverted term structure seen in Euro Stoxx 50 also seems 
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Figure 11 - Dividend futures prices with different maturities for Nikkei225  

Dividend expectations 

To understand why there is structural imbalance in the dividend pricing, it is important to understand 

the expectations of dividends and how they are made. After all, the expectations are the ones we 

expect the prices to follow. Going forward we refer the expectation of dividends to analyst forecasts 

of dividends unless else is explicitly mentioned. 

Dividends are, as previously explained, a way of a company to reward its shareholders. Many com-

panies keep their dividend payout ratio stable for example due to signaling effects. The key element 

is that companies can have an incentive to keep the payout ratio stable to avoid any mistrust from 
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fluctuations. Based on this intuition, the expectation of dividends should follow the growth rate of 

earnings since the dividend ratio is the dividend paid out over the earnings. The growth rate of earn-

ings is typically determined by macroeconomic factors such as the inflation rate, unemployment rate 

etc. According to Vanguard2 (2020), the annual growth rate in earnings over the last five years is 

7.7% for the Euro Stoxx 50 index as of March 2020. If the expectation to the growth rate in earnings 
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for the next five years is equivalent to that of the last five years, and we follow the logic of stable 

dividend payout ratios, we should expect the dividends to grow by 7.7% annually over the next five 

years. Naturally, this is a simplified example, but the intuition that dividend expectations are deter-

mined by macroeconomic factors is not that far off except on short term, as we shall come back to.   

Dividends account for a large fraction of the return on equities. As earlier described, dividends ac-

counts for 25% of the total return on the Euro Stoxx 50 index in our sample period. For large institu-

tional investors such as pension funds, which typically prefer dividend paying stocks (Bilinski & 

Bradshaw, 2015), this set a demand for high quality dividend forecasts. The dividend forecasts are 

made by a group of analysts employed by large financial institutions to provide information to inves-

tors. The forecasts are based on financial statements, historical data on the companies and company 

guidance. Each financial institution is conducting a forecast for every company in an index e.g. 50 

individual forecasts are made for every company in the Euro Stoxx 50 index for each of the financial 

institutions providing forecasts. To create a total index dividend forecast, each of the institutions are 

summing the individual company forecasts and converting them to index points. The average of the 

forecasts will become the consensus forecasts. An adequate estimate to the consensus forecasts can 

be achieved on platforms such as the Bloomberg terminal. The information is used by investors to 

gain knowledge about future earnings and company health. 

The analyst forecasts are only made two or three years ahead. This is due to the information available 

at the time and the company guidance. Company guidance is the management of companies providing 

their shareholders and the public with estimates about expected future earnings, expected future div-

idends and other projections. The companies are not imposed to provide the guidance, but they typi-

cally do so to accommodate potential optimism or pessimism in forecasts. Suppose that analysts were 

optimistic in their forecasts based on historical data, companies would have an incentive to moderate 

the optimism by providing guidance such that they were able to meet or beat the consensus forecast. 

When new guidance is available, analysts mostly adjust their forecasts and the company mitigate 

potential volatility in the stock price (Bilinski & Lyssimachou, 2018). The magnitude of the effect 

from guidance on the expectation of dividends is a study in itself, which we shall not discuss further 

in this thesis. However, the main point is that there is a high information flow surrounding the key 

figures of a company within a horizon of two to three years, including the expectation of dividends. 

That means the short-term expectation of dividends should be fairly accurate compared to the real-

ized.  
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Beyond two to three years, the companies can no longer provide profound guidance about their ex-

pectation of dividends as they do not have enough information about their future earnings etc. This 

implies that analysts are not producing any specific forecasts as they simply do not have enough 

information to base it on. The primary driver behind the expectations of dividends are then based on 

macroeconomic factors as previously mentioned. This comes down to the growth rate of earnings and 

essentially the correlation of dividends to equities. Even though dividends constitute an asset class of 

their own, equities are still the underlying asset and for longer-term horizons the correlation or the 

beta of the dividends to equities is equal to one. The current long-term horizon for dividend expecta-

tions is 5% as of February 2020 (source: Bloomberg), which is not unlikely to match the expectations 

of the index.   

Historically, many asset-pricing models have been made to reproduce equity return dynamics, which 

we shall not discuss here, but from a fundamental approach, equities are in the long run affected by 

macroeconomic factors. For example, in a traditional Discounted Cash Flow (DCF) model, which is 

a common model to estimate the fundamental value of a company, the long run cash flows are based 

on an assumption of a growth rate. Therefore, the fundamental expectations of equities are in the long 

run a product of an assumed growth rate, which imply that the dividends are as well.    

The expectation of dividends is naturally closely related to dividend futures. Recall that dividend 

futures are the market implied expectations to the dividends. As the market use analyst forecasts in 

its pricing of dividend futures along with recent dividend levels and company guidance, they are fairly 

close. However, the dividend futures typically trade at a discount compared to the analyst forecasts 

as they incorporate the possibility of a dividend cut in their pricing. Figure 12 illustrates the next year 

dividend expectations versus next year dividend futures for the years of 2016 to 2019. Here it is easy 

to see that they are closely connected but most of the time the dividend futures trade below the ex-

pectation. Intuitively, they should not be the same either as the risk of investing in dividend futures 

is incorporated in the futures price but not in the expectations.  
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Figure 12 – Spread between next year dividend expectations and next year dividend futures 

Decomposing the various sources of risk in dividends 

Companies are not imposed to pay out dividends. Therefore, investors should be compensated for 

bearing the risk of owning a dividend stream. Figure 12 is shedding light on that compensation as 

there is a spread between the price you pay for the dividends and the dividends that are expected to 

realize. We shall refer to this compensation as the risk premium of dividends.  

In previous sections, we have provided historical examples of a downward sloping dividend futures 

curve, discussed the impact of structured products issuance and the effect from fading earnings visi-

bility. We shall in this section decompose the risk premium of dividends into sources of risk which 

we shall call risk effects.  

The pull-to-par 

The first risk effect is the pull-to-par. The pull-to-par effect is known from bonds where it is the 

convergence to par value as time passes. It is quite similar for dividend futures as it essentially means 

that dividend futures converge to the realized dividend level as they approach expiry. That is the 

dividend expectations and dividend futures become more and more accurate to the actual paid out 

dividends the closer the dividend futures are to expiry. That is intuitive since the market price in 

already realized dividends and the visibility of future earnings from the index constituents becomes 

clearer. Figure 13 illustrates the dynamics. For example, at the end of 2014 (year 2014 dividends are 

the second blue spike), the yellow three-year dividend futures are well below the grey two-year div-
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realized level. The three-year dividend futures is the start 2012 estimate of the 2014 dividends and 

the two-year dividend futures is the start 2013 estimate of the 2014 dividends. Except from the very 

first year of the graph, we see the pull-to-par effect that dividend futures converge towards the realized 

level. The pull-to-par effect is essentially that dividend futures lose correlation to the equity market 

as time passes.    

 

Figure 13 – Realized dividends vs. dividend futures 

Positive carry roll 

The second risk effect is the positive carry roll. We have already seen in figure 5 that dividend futures 

exhibit a downward sloping term structure. The downward sloping term structure is in contrast with 

the long-term expectations of dividends that arises from the expectation of economic growth but can 

be related to hedging of structured products issuance. An investor can exploit the downward sloping 

term structure by simply going long in dividend futures. As time passes the dividend futures will roll 

up the curve and earn a positive carry. Figure 14 shows a historical example with median prices from 

the years of 2016 to 2019. DED1 is the dividend futures with maturity within the first year, DED2 is 

the dividend futures with a two-year maturity, etc. 
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Figure 14 – Median dividend futures prices 

The positive carry roll can clearly be seen in figure 14 as there is a smooth downward sloping term 

structure for all years of data. On the very short horizon, the term structure is slightly volatile. This 

can be due to the dividend futures approach expiry, hence dividend expectations start to influence the 

pricing. However, finite conclusions should be made cautiously as the use of median prices could be 

vague in order to depict the true term structure on short horizons. The median prices are better on 

longer horizons where they are not affected by short-term dividend expectations. Generally, we can 

see a steep downward sloping term structure that flattens out over time. For example, the yield gained 

from rolling four-year dividend futures into three-year dividend futures in 2016 was 7.14% p.a. The 

yield gained from rolling five-year dividend futures into four-year dividend futures the same year was 

5.63% p.a.   

The levels of the dividend futures curves are interesting. The level at the one-year horizon is approx-

imately the same for all four years but the term structure evolves differently. For example, we observe 

a significantly better carry roll for year 2016 compared to the other years. We can partly explain the 

curvature by relating it to the issuance of structured products. 

From figure 2 we notice that the issuance in 2015 is quite large for issuances where the Euro Stoxx 

50 index is included. The volume of issuance is largely correlated to the demand of hedging, hence 

we would expect an increase in hedging activities in 2016. Meanwhile the market laid almost flat in 

2016 (see figure 16) meaning structured products were not knocked out, thus the aggregated exposure 
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in 2016 was quite large. We would therefore also expect a largely inverted curve in 2016. Similarly, 

large volumes were issued in 2018 and 2019, thus we have a significantly inverted curve in 2019 

although we expect many products were being knocked out towards the end of 2019. However, we 

cannot explain every year from the curvature of median prices. We observe the least profitable carry 

roll in 2018. The issuance was quite large in 2017 and the market dropped significantly in 2018, thus 

the products did not knock out. However, the curvature in 2018 is not as inverted as expected. In the 

next section, we discuss the years of 2018 and 2019 in particular, as they were extraordinary in terms 

of market returns and also, we discuss the curvature from the perspective of the dividend beta.  

The beta of dividends 

The third risk source is the equity beta of dividends. Figure 14 illustrated the positive carry roll from 

median prices, but we could not explain in-depth the levels of the dividend curves. We can elaborate 

on the behavior of dividend futures levels and explain when we should expect highly inverted curves 

by examining the beta of dividends.  

In general, we expect dividend futures in the long run having a beta of one as long-term dividends 

are driven by macroeconomic factors as equities are. Meanwhile we are expecting short-term divi-

dends exhibiting low beta to equities as the earnings visibility is strong on short-term and/or dividends 

might be determined already. Those expectations can be verified in figure 15, where the betas are 

increasing the longer the horizon of dividend futures. 

 

Figure 15 – Dividend futures beta for chosen years 
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Figure 15 shows that the beta is highest for the 2018 contracts. As mentioned, the markets were ex-

traordinary in 2018 and 2019 in terms of market return compared to the other years. The index 

dropped by more than 14% in 2018 and increased by almost 25% in 2019 as shown in figure 16. We 

can explain the high beta of the 2018 contracts with two explanations: a fundamental- and a technical 

explanation. The fundamental explanation is that when the market drops significantly, the expectation 

of dividends decrease as companies might be forced to cut dividends in order to retain liquidity. This 

operation can result in a long road back to initial dividend payout levels. On the other hand, in bull 

markets dividends are not likely to rise as much as companies might prefer to increase expenditure 

instead of paying out more dividends. In addition to that, as described in section 2, companies tend 

to have a conservative approach towards increasing dividends. The technical explanation is relating 

the beta to structured products issuance and hedging activities. The issuers of structured products are 

implicitly long dividends as they are short equity forwards and when the market drops, the long po-

sition increases, hence in order to control their risk, they sell off dividend exposure and implicitly 

putting a downward pressure on the dividend futures (this will be explained more in detail in the next 

section). 

 

Figure 16 – Annual returns for chosen years 

Following this argument of increasing betas in bear markets, we should expect the opposite in bull 

markets. However, we cannot deduct that directly from figure 15 as the betas from year 2019 are 

almost at the same level as in year 2018. Therefore, to examine this further, we scope in on the two 

years and calculate the average beta from rolling one-month betas for each maturity. The results are 

shown in figure 17. 
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Figure 17 – Evolvement of dividend futures and the corresponding beta through 2018 and 2019 

We can observe several elements that verifies the theory from figure 17. In the left side of the figure, 

we trace the evolvement of the dividend futures and the corresponding average one-month beta for 

2018. Towards the end of the year, the beta increases significantly to more than one, the spread be-

tween the dividend futures increases and the divergence become more extreme hence the dividend 

curve becomes more inverted. We can at the same time, from figure 16, observe a significant drop in 

the market, hence there is evidently an increasing beta in bear markets and we can relate that to both 

the fundamental and technical explanation. In the right side of the figure, we trace the evolvement of 

dividend futures and betas through 2019. We know from figure 16 that the market experienced a 

significant bull period in 2019 and from figure 17 we observe that the beta decreases throughout the 

year and the spread between dividend futures narrows, i.e. the dividend curve is less inverted. We 

argue that this arises from less downward pressure on dividend prices as structured products are being 

knocked out leading to a decrease in hedging activities.   

Key findings from dividends 

From this section, we have seen that there is an inverted dividend futures curve for the Euro Stoxx 50 

index. In examining different markets, the curve is only inverted for the Euro Stoxx 50 index. We can 

relate the inverted curve to the issuance of structured products. The issuance volume is largest for the 

Euro Stoxx 50 index, which implicitly leads to the largest hedging activities. That can be seen from 

the trading volume of dividend futures where the volume is also largest for the Euro Stoxx 50 index. 
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The largest volumes are found in dividend futures with two- to three year horizons. The inverted 

curve is, in a historical perspective, contrary to the realized dividends and dividend expectations.  

Companies are not imposed to pay dividends, hence investors should be compensated for bearing the 

risk of owning a dividend stream, which can be referred to as the risk premium. We can decompose 

the risk premium into a pull-to-par effect, a positive carry roll and a dividend beta. We can observe a 

large pull-to-par effect for dividend futures with a two- to three-year horizon. The combination of an 

inverted dividend curve and the pull-to-par effect leads generally to a positive carry roll on dividend 

futures. Simultaneously, we can from the dividend beta explain some of the behavior of dividend 

futures and we have seen that the curve is more inverted in bear markets than in bull markets.    

4.3. Structured products 

Our hypothesis is that the inverted dividend futures curve is caused by hedging activities of structured 

products. To see why that is the case, we need to get a better understanding of the properties of 

structured products and how the prices of dividends are affected.  

The properties of structured products and their payoff 

There exist many types of structured products in the market. Common to them all is that they are 

yield enhancing investments. In this section, we focus on one of the more popular products called 

autocallables and describe how the properties of this product can result in imbalanced dividend prices.  

An autocallable is the abbreviation of ‘automatically callable’ and refers to the property that the seller 

or issuer of the autocallable can call the product prior to maturity given certain circumstances are met. 

The typical buyers of autocallables are retail investors and the issuers are banks. Autocallables can 

be written on different types of assets, including equities or indices such as the Euro Stoxx 50 index. 

The underlying asset determines the potential payoff to the investor.   

Autocallables are a product of a low interest rate environment and particularly in Asia they quickly 

became popular as some Asian countries have had low interest rates for many years. The low interest 

rates imply that investors are faced with very few opportunities for low risk investments, hence a 

demand for alternatives rose and one of the solutions were structured products. Using structured prod-

ucts, retail investors could create synthetic high-coupon bond-like positions without undertaking the 

same risk as having invested in equities. 
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The payoff from an autocallable corresponds to having bought a digital call option3 combined with 

selling a knock-in put option4 with both options written on the same underlying asset. Figure 18 il-

lustrates a typical example of the payoff function from an autocallable from the perspective of the 

investor. There are essentially two barriers embedded in the payoff function: the lower barrier and 

the upper barrier. The lower barrier is when the sold put option knocks in and the upper barrier (the 

strike) is when the digital call option gets knocked out. When the sold put knocks in, a path-dependent 

loss function is triggered and the investor will potentially lose a part of or all of the principal invested. 

When the digital call option knocks out, the index has breached the upper barrier on an observation 

date and the investor realizes a return corresponding to the coupon and gets the principal back. The 

observation dates are when the index level is evaluated against the barriers and are typically once or 

twice a year. If the index level does not breach any of the barriers within the lifetime of the autocalla-

ble but stays above the initial level at any observation date, the investor will receive an annual coupon 

and at maturity get the principal back.  

Figure 18 – Example of a payoff function from an autocallable 

 

3 An option that has a fixed payout when a certain level (strike) is hit on the underlying asset 

4 If a certain lower level is hit on the underlying asset, the put option “knocks in” and functions as a regular put option until maturity. 
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As an example, suppose we have the payoff function from figure 18 and an investor invests a principal 

of 100. The coupon is 15% and the lifetime of the product is five years with observation dates at the 

end of each year. The barriers and underlying index level are as shown in the figure. The blue line 

marks where the structure is neither knocked in or knocked out. Thus, if the index level stays between 

75 and 110, the investor will hold the product until maturity i.e. five years. If the index level is above 

95 but below 110 at an observation date, the investor will receive a coupon of 15% corresponding to 

€15 as illustrated by the dashed green area. If the index is above 110 at an observation date, the 

structure gets knocked out and the investor receives the coupon and gets the principal back, hence the 

position is closed (marked as the dashed green line). If the index is below 95 but above 75 at an 

observation date, no coupon is paid. Lastly, if the index level is below 75 at an observation date, the 

sold put option knocks in and the investor is facing a potential loss dependent on the index level at 

maturity illustrated by the shaded red area. The potential loss is determined by the value of the index 

at maturity similar to a regular put option. Thus, if the sold put option has been knocked in and the 

index value at maturity is e.g. 80, the investor will realize of loss of 80/95 = 15.8% of the principal 

invested. In a situation where the index value is above the initial value at maturity, the investor will 

not lose any of the principal invested, even though a trigger event of the sold put option has occurred 

during the lifetime of the product.  

To sum up on the properties of an autocallable, it is a bullish investment but also an investment where 

the investor speculates in low volatility. The investor has a capped upside meaning high volatility 

could lead to opportunity costs as the investor might have gained more from having invested directly 

in the underlying index. Simultaneously, high volatility could knock in the sold put option leading 

the investor to a potential loss of the principal.  

Exposure to dividends 

It is clear, that the payoff from an autocallable is dependent on the level of the underlying index, 

hence the index return. The exposure to dividends arise from this return. This is because the payoff 

from an autocallable is determined in relation to the index return. There is a distinction in return 

between the price return of the index and the total return of the index. The payoff from the autocallable 

is determined by the price return. The price return is simply the difference between the price you paid 

for the equity and the current price, whereas the total return is the price return plus the received 

dividends. When an equity announces its next dividend payment, the equity will start trading without 

the value of those dividends on a certain date called the ex-dividend date. If you buy the equity after 
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the ex-dividend date, the amount of money you pay for the stock is excluding the next dividends and 

vice versa. Thus, the value of the index will drop by the value of the forthcoming dividends on the 

ex-dividend date. The price return will incur a loss corresponding to the drop in index value, whereas 

the total return will remain unaffected all else being equal.  

As the payoff from the autocallable is determined by the price return of the index, the investor of the 

autocallable is exposed to the amount of dividends paid. Returning to the example from figure 18, if 

the index pays out 5 in dividends and the index level is at 95, the index value will drop to 90. In that 

case, the investor will not receive any coupons and the autocallable is now closer to the lower barrier. 

Thus, the investor is, by investing in autocallables, implicitly speculating on the index paying a small 

amount of dividends in the future as it is more likely that the investor will realize a loss if a high 

amount of dividends is paid out.  

Banks and the hedging of dividends 

Banks are, as issuers of the autocallables, counterpart to the retail investors. That means they have 

the opposite exposure compared to the retail investors. Since retail investors essentially are short 

dividends, banks are implicitly long dividends by issuing autocallables. That leaves them with a risk 

as they are exposed to the risk of decreasing dividends. The banks are not interested in that risk, which 

is why they apply a hedging position. The reason to the hedging is multifaceted. First of all, auto-

callables are issued by the banks, hence they are market makers on this product. As a market maker, 

they are not interested in the risk related to a given position. A market maker is, roughly speaking, 

only interested in the bid-ask spread, which is the difference between the price paid and the price 

received. Therefore, as soon as they have issued the autocallables, they hedge the risk related to that 

issuance. Secondly, banks are one of the most, if not the most, regulated subsector, especially in later 

years. That means banks cannot undertake too much risk on their balance sheet as they simply are not 

allowed to. That excess risk can include dividend risk from issuing autocallables. As they are not 

allowed to undertake the risk, the demand for hedging increases when the issuance increase.  

The offloading of dividend risk can be executed in several ways. One approach is to sell dividend 

futures or dividend swaps to institutional investors. In that way banks get rid of the dividend exposure 

but leaves them with equity risk, interest rate risk, and repo risk, which also arises from issuing auto-

callables. Therefore, selling dividend instruments might not be the most convenient way to execute 

the hedge as it requires other risk factors being hedged separately. A more appealing approach to 

offload the risk is obtained by going long in index forwards. That is because the exposure from issuing 
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autocallables is much similar to having a short position in an index forward. To see why that is the 

case, we can evaluate the exposures in figure 19. 

Figure 19 – Exposure for both parties in an autocallable 

The red solid line marks the exposure of the bank and the black solid line marks the exposure of the 

retail investor. The exposures are naturally opposite each other since the bank is the counterparty to 

the retail investor and vice versa. By evaluating the solid red line, we can see that initially the expo-

sure is much similar to that of a short forward. Intuitively, this also makes sense. When a bank is 

issuing an autocallable, it implicitly bet on decreasing equity markets, decreasing interest rates and 

increasing dividends. All three things will lead to a better payoff for the bank. That is essentially the 

same bet when taking a short forward position and the perfect hedge to a short forward position is 

naturally that of a long forward position.    

In the case of a large price drop in the index, the long forward becomes an even better hedge. That is 

because, when the price drop is sufficiently large, the sold put option knocks in and the path-depend-

ent loss function of the investor is triggered. The investor’s downside exposure is now exactly the 

same as the long forward and equivalently, from the perspective of the bank, their upside exposure is 

now the same as the short forward. Therefore, hedging with a long forward would be a perfect hedge 

on that part of the curve if the knock-in put option is triggered. 
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We have now seen how the bank’s exposure is similar to that of a short forward position when the 

index drops. The hedging activities are indeed dependent on the path of the underlying index and not 

only if the structure gets knocked in or knocked out. They are also affected by lesser fluctuations. 

Initially, the risk related to the issuance of the autocallable is hedged off at time zero. However, 

further hedging can be needed dependent on the path of the index over time. If the index drops over 

time, the expected lifetime of the autocallable increases, hence a demand for rebalancing the hedge 

can occur. This can also be related to the delta of the product, which increases when the index ap-

proaches the lower barrier. An increase in the delta will force the bank to rebalance its hedge putting 

further pressure on dividend prices.     

Regardless of the hedging approach, whether it is selling dividend instruments or going long index 

forwards, the same effect on dividend prices is obtained. When banks are offloading dividend expo-

sure by selling dividend instruments, a downward pressure on the prices of dividends occurs simply 

because of supply and demand. The downward pressure is an expression for excess supply and excess 

supply is equivalent to decreasing prices. When banks are going long in index forwards as a hedge, 

an upward pressure on the prices of forwards occurs, again due to supply and demand, which implic-

itly puts a downward pressure on the dividend yield i.e. dividend prices. We elaborate further on this 

inverse relationship in the next section.   

The lifetime of an autocallable is typically between two- to five years (Bunsupha & Liao, 2018). 

Therefore, the hedging activities are also concentrated around those horizons. In section 4.2, we saw 

that the largest volume for dividend futures on Euro Stoxx 50 were found for the two-year horizon, 

suppressing this particular part of the dividend futures curve. Regarding hedging with forwards, long-

dated index forwards (two- to five years) do not trade at all, which is why the exposure is created 

synthetically through options. However, the market for this type of options is highly illiquid and that 

illiquidity is of major influence when banks are trading large positions as it will simply move the 

forward curve. This is causing the observed imbalanced dividend prices.  

Key findings  

Structured products are a result of a low-yield environment where investors find it as an alternative 

to fixed income investments. The structured products are typically bought by retail investors and are 

issued by banks. The issuance of the products leads to an implicit long exposure to dividends due to 

how the products are constructed. The banks cannot undertake that exposure as they are not interested 

in the risk both from a strategical and regulatory perspective. Therefore, the banks are hedging the 



Page 41 of 120 

 

risk. The hedging leads to a downward pressure on dividend prices since the banks essentially are 

selling dividends meaning an excess supply of dividends emerges in the market.  

4.4. Financial instruments 

A trading strategy exploiting the dividend term structure can be created in different ways using dif-

ferent instruments. The following provides a short description of the essential part of the financial 

instruments. Appendix B provides a thorough description of each instrument. 

One way to obtain dividend exposure is through dividend futures as described in section 4.2. At the 

expiration date the futures price is paid in return for one year’s dividend accumulating from the third 

Friday of December to the third Friday of December the following year. Each contract is for only one 

year’s dividends regardless of the maturity of the contract. Dividend futures are explained in more 

details in section 4.2. 

Another way to obtain dividend exposure is by trading forward contracts. The dividend exposure is 

not as obvious as for the dividend futures however, forward contracts are equally suited for a dividend 

trading strategy. To understand the way forwards include dividend exposure it is helpful to consider 

the pricing formula for a forward contract. The forward price at time 𝑡 with maturity at time 𝑇 is 

determined using the following formula: 

𝐹𝑡,𝑇 = 𝑆𝑡 ∗ 𝑒(𝑟𝑡,𝑇−𝛿𝑡,𝑇)𝑇 

Where: 

- 𝑆𝑡 is the price of the underlying asset at time 𝑡 also called the spot price 

- 𝑟𝑡,𝑇 is the risk-free rate from time 𝑡 to time 𝑇 

- 𝛿𝑡,𝑇 is the dividend yield of the underlying asset between time 𝑡 and 𝑇 

The formula shows that a long forward contract, i.e. an agreement to buy the underlying asset in the 

future, has long exposure to the underlying asset and the interest rate and short exposure to dividends 

as the dividend yield decreases the extrapolation of the underlying asset. The intuition is that a long 

index forward contract increases in value as the price of the underlying index increases. As dividend 

payments reduce the stock price by the exact amount of the dividend payment, it reduces the value of 

the forward contract as dividends are not received but the index price declines. As the trading strate-

gies in section 5 involves long exposure to dividends it requires shorting a forward contract. This 
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results in a long exposure to dividends through the entire life of the contract thus the resulting expo-

sure differs from the exposure of a dividend futures contract.  

In practice forward prices deviate from the price calculated using the formula above. The spot price 

and interest rate can be observed but the dividend yield must be an estimate. However, as dividends 

are traded through dividend derivatives, the implied dividend yield can also be observed. Yet putting 

the observed parameters together does not always result in the forward prices observed in the market. 

The repo rate is used to close the gap. It is the residual that makes the calculated forward price equal 

to the observed forward price. However, it is not just a model parameter but also a tradable quantity. 

It can be traded through total return swaps on a stock index and lately repo derivatives have also 

started trading. The repo is driven by different things such as balance sheet cost, lending rates on the 

index constituents, taxes, regulation etc. In other words, the repo includes all factors that make for-

ward prices differ from the theoretical price. Due to this the pricing formula for a forward contract 

can be modified to include the repo: 

𝐹𝑡,𝑇 = 𝑆𝑡 ∗ 𝑒(𝑟𝑡,𝑇−𝛿𝑡,𝑇−𝑟𝑒𝑝𝑜𝑡,𝑇)𝑇 

As it can be seen the repo has the same effect on the forward price as the dividend yield. This means 

that a long position in a forward contract entails being long the underlying index and the interest rate 

and short the dividend yield and the repo rate. The opposite is true for a short forward. The dividend 

yield and repo rate can be derived together as: 

𝛿𝑡,𝑇 + 𝑟𝑒𝑝𝑜𝑡,𝑇 = 𝑟𝑡,𝑇 −
ln (

𝐹𝑡,𝑇

𝑆𝑡
)

𝑇
 

Though forward contracts are suited to create dividend exposure, it involves some challenges in prac-

tice as forward contracts with the required maturities up to five years do not trade. Instead synthetic 

forwards are created using options resulting in the exact same exposure but using different instru-

ments which are traded more frequently. 

Due to arbitrage relations and the law of one price, portfolios with identical cash flows must have the 

same price. From the put-call parity it can be seen that at-the-money-forward call and put options, i.e. 

with the forward price as the strike price, must have the same premium (price). To replicate a long 

forward contract, we must enter a long call option and a short put option both with the forward price 

as strike price. The premiums thus offset each other and there is no initial payment. This way the cash 

flow and exposure of a forward contract is exactly replicated using options. 
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For hedging purposes, other instruments are used. One instrument is an index futures contract which 

is an exchange traded alternative to a forward contract. In addition, plain vanilla swaps are used for 

hedging, swapping a fixed rate for a floating rate or vice versa. The hedging instruments and dividend 

futures are exchange traded whereas the options are Over-The-Counter (OTC) trades. Options do 

trade on exchanges although not with the required maturities.  

Theoretically exchange traded products and OTC products differ regarding cash flows and counter-

party risk. However, with increasing regulation of OTC trading and focus on counterparty risk, the 

different ways of trading has become very similar in respect to collateral/margin, etc. thus the prod-

ucts are treated the same way in this thesis. 

5. Strategy framework 

The aim of our thesis is to create the optimal exposure to underpriced dividends. The focus is primar-

ily on dividends between two to five years in the future – referred to as the two- to five-year dividends. 

For clarification, it should be noted that e.g. the five-year dividends are dividends paid in the fifth 

year i.e. the dividends in the period starting four years from now and ending five years from now. 

Also, an important aspect of our strategies is that it is not our goal to receive the actual dividends but 

instead exploit the pricing of them. Receiving realized dividends is just a cash flow and does not 

influence the total return. There are many ways to obtain the desired exposure using the financial 

instruments described in section 4.4. The following section provides a description of the intuition 

behind the different strategies considered in this thesis. 

5.1. Dividend futures strategy 

We will start with one of the simplest possible strategies. That is to create exposure through dividend 

futures. As described in section 4.4, dividend futures contain one-year exposure to dividends at some 

point in the future. Thus, it is possible to buy e.g. five-year dividends through a dividend futures 

contract expiring in five years. This directly results in the desired dividend exposure. 

The point of this strategy is to exploit the positive carry roll, as described in section 4.2, and roll up 

the dividend curve. This means to buy the dividends at a low point on the curve, i.e. the five-year 

dividends which are underpriced the most, and simply hold the position. After one year, the five-year 

dividend exposure has become a four-year dividend exposure as we have moved one year closer to 

the expiration date. As the four-year dividends are generally more expensive than five-year dividends, 
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the price of the dividend futures is now, all else being equal, higher than the price it was bought at 

when it was a five-year dividend exposure. Thus, we would be able to sell the dividend futures after 

one year at a higher price unless the market has moved against us in the meantime. 

Similarly, the position can be held for one more year until it becomes a three-year dividend futures, 

which is even more expensive, or a two- or one-year dividend futures. Finally, the position can be 

held until maturity where the payoff is the difference between the futures price when entering the 

trade and the realized dividends at expiry which is likely to be higher. Figure 20 illustrates the point 

of rolling up the curve by considering the dividend futures curve from December 31st 2019. 

 

Figure 20 – Downward sloping dividend futures curve 

The different options to consider, when making a trading strategy with dividend futures, is which 

points on the curve that are optimal i.e. which dividend futures contracts to buy and when to sell. If 

we decide on a five-year dividend futures as it is generally the cheapest one, it can be held for one, 

two, three, four or five years (and somewhere in between). We use the term holding period to express 

how many years the position is held for. To evaluate which maturity and holding period is optimal, 

we consider the profit for the entire holding period simply by extracting the buying price from the 

selling price for any contract and holding period.  

It can also be considered to create exposure to two or three years of dividends at the same time. This 

is done by buying several dividend futures with different maturities. For example, buying a five-year 

and a four-year dividend futures gives exposure to two years of dividends between three and five 
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years from entering the trade (i.e. receiving dividends for year four and five). The profit from the total 

position is simply the sum of the profit from the two dividend futures. 

As dividend futures have specified expiration dates on the third Friday in December, it is not possible 

to buy e.g. a five-year dividend futures on any given day. There is only one day each year where the 

maturity of the contracts is exactly one, two, three, four or five years. Due to this it is not ideal to 

compare trades on different dates as they have different maturities thus the exposure is not perfectly 

comparable. In addition to this, it makes it difficult to compare the dividend futures strategy to the 

synthetic forward strategies as the forward contracts do not expire on a specified day once a year. 

Instead, on any given day we have forward contracts that expire after exactly one, two, three, four 

and five years. 

To make the strategies more comparable we create constant maturity dividend futures prices using 

the same approach as Cejnek & Randl (2016). This means that for each day we calculate a price which 

equals exactly one year’s dividends from the trade date, or two years’ dividends etc. This is done by 

calculating a weighted average of two successive contracts. As an example, in the middle of the year, 

the two-year constant maturity dividend futures price is calculated as a weighted average of the con-

tract expiring in 1.5 years and the contract expiring in 2.5 years. If we are calculating the price in the 

middle of the year the weight on each contract is 50%. As we move closer to December, the weight 

on the first contract decreases and the weight on the second contract increases to keep the weighted 

maturity exactly two years. When there is exactly two years to expiration of the second contract, the 

weight on this contract is 100%. Figure 21 illustrates the mechanism of calculating the two-year con-

stant maturity dividend futures price throughout 2010. 
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Figure 21 – Calculation of constant dividend futures price 

As dividend futures are exchange traded products, daily settlement is used to avoid counterparty risk. 

For implementation of the dividend futures strategy this means that interest payment on variation 

margin needs to be accounted for. In practice trading dividend futures also requires an initial margin 

i.e. an upfront payment. This has not been accounted for in this thesis as the trading strategy is con-

sidered separate from the funding of the trade. 

On any given day, the Mark-to-Market and the resulting profit or loss from the dividend futures is 

calculated thus the margin account contains the total net profit for the position since entering the 

trade. Interest is paid daily on the amount in the margin account. As mentioned in section 3.3, we use 

the EONIA rate to calculate the interest payments. If the amount is positive, meaning that your posi-

tion has increased in value and your counterparty has posted variation margin, then you pay interest 

on that amount. On the other hand, if your position has lost value then you post variation margin and 

receive interest. The sum of the daily interest payments (positive and negative) is part of the total 

profit from the trade. 
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4.4. When trading forwards the dividends are not actually paid or received. The payoff from the div-

idend exposure is obtained by movements in the forward price. For example, the five-year dividend 

exposure in a five-year forward, i.e. the implied five-year dividend yield, is relatively low making the 

forward price relatively high. After one year, the five-year dividend exposure has become a four-year 

dividend exposure which, due to the inverted dividend price curve, is more expensive, thus the divi-

dend yield is higher. Therefore, all else being equal, the forward price decreases solely because of the 

price development in the dividend exposure.  

Shorting a five-year forward gives long exposure to one-, two-, three-, four- and five-year dividends. 

However, shorting a forward also results in other exposures. Most importantly a short forward has a 

short exposure to the stock market hence, in addition to a long dividend exposure you take a bet 

against the market. This is not desirable for the purpose of our strategy thus the stock market exposure 

needs to be neutralized. 

To eliminate the stock exposure, we will in this strategy create a hedge with index futures. As we are 

short forwards, we take a long position in an index futures, hence the index futures functions as an 

offsetting position. When the short forward experiences a loss due to an increase in the index, the 

index futures will experience a gain and vice versa as illustrated in figure 22. 

 

Figure 22 – Hedging mechanism between short forwards and long index futures 
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As a five-year forward gives exposure to five years of dividends, the strategy differs from the dividend 

futures strategy where only one year of dividends are traded. The strategy with a short forward com-

bined with rolling index futures thus resembles a dividend futures strategy that longs five dividend 

futures with maturities of one to five years. This is an important difference between the two strategies. 

Otherwise the dividend exposure is very similar. 

In addition to the stock market exposure, which is neutralized by the index futures hedge, the forward 

has several other exposures which differentiates the strategy from the dividend futures strategy. One 

exposure is the interest rate exposure as described in section 4.4. This exposure is dealt with sepa-

rately in an interest rate hedge added to the strategy in section 7.2. For now, it is ignored.  

The forward strategy also results in an exposure to the repo rate as discussed in section 4.4. Any 

difference between the forward strategy and the corresponding dividend strategy is partly due to the 

repo exposure in the forward. However, this version of the forward strategy has a slightly different 

dividend exposure than the dividend futures strategy due to the index futures hedge as will be ex-

plained below. 

The different options that need to be considered with this strategy resembles the ones from the divi-

dend futures strategy. It needs to be decided which forward contract to buy. As the five-year dividends 

are generally the cheapest, the five-year forward is generally the most expensive. This would suggest 

that this is the most favorable contract to short. 

A five-year forward gives exposure to dividends from year one to five (i.e. resembles five dividend 

futures; one for each maturity) when entering the contract. After one year, the exposure transforms to 

year one to four and so on. This means that the position always has exposure to the short-term divi-

dends, such as the one-year dividends, but the five-year dividend exposure disappears after one year. 

Due to this a longer maturity means longer time with short-term dividend exposure compared to 

longer term dividends as illustrated in figure 23.  Hence the optimal maturity might not be the same 

for the forward strategy and the dividend futures strategy. 
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Figure 23 – Dividend exposure from a five-year short forward 

The hedging is done with index futures as these are very liquid instruments. There are different ma-

turities although they are all relatively short-term however, the three-months index futures is by far 

the most traded thus the bid-ask spread is lower. Due to this, the three-months index futures is best 

suited as the hedging instrument in this strategy.  

Another important fact about the maturity of the hedging instrument is that it affects the dividend 

exposure, which is why the exposure cannot be perfectly compared to the dividend futures strategy. 

The hedging instrument does not only offset the profit or loss from the stock market exposure but 

also from the dividend exposure. Hence if the forward position is hedged with a three-months index 

futures then there is no exposure to the first three months’ dividends. By choosing a short-term hedg-

ing instrument we offset as little as the dividend exposure as possible. As the index futures position 

expires every three months a new contract must be entered. That way the forward position is hedged 

by rolling three-months index futures for the entire holding period.  

As the price of the three-months dividends is very accurate due to the fact that earnings and proposed 

dividends are publicly available, there is minimal mispricing of the dividends in the index futures 

contract. The mispricing of the longer-term dividends makes the five-year forward relatively more 

expensive. However, there is no mispricing in the three-months index futures thus the forward is sold 

0 1 2 3 4 5 6

5 year dividends

4 year dividends

3 year dividends

2 year dividends

1 year dividends

Years after trade date

Dividend exposure from a five-year forward

Exposure to all five 

years' dividends at 

the beginning 
Only exposure to 

one-year divi-

dends during the 

last year 



Page 50 of 120 

 

at a high price and the futures is bought at a fair price creating a profit due to the mispricing of longer-

term dividends. 

The index futures require variation margin as described for dividend futures. This means that the 

interest paid and received due to variation margin is a part of the profit calculation. Forwards are OTC 

products thus there is no exchange clearing house and variation margin. However, when trading OTC, 

the CSA5 states how the position is cleared between the two parties involved. The result is typically 

the same as paying interest on variation margin thus the same interest calculation is used to calculate 

the profit from the forward position. 

5.3. Strategy with long/short forwards 

We have in the previous section showed how to create exposure to the entire dividend yield curve 

within the maturity of a short forward. In this strategy, we aim to create exposure to particular parts 

of the curve to examine where the exposure is most favorable.  

Initially, the approach is similar to the previous strategy as we start with shorting a forward to create 

the desired exposure to dividends. However, instead of rolling three-months index futures, we go long 

a forward with a shorter maturity than the forward we shorted. That eliminates the stock exposure 

and simultaneously create exposure to the part of the dividend yield curve corresponding to the dif-

ference in maturities between the two forwards. For example, shorting a five-year forward and sim-

ultaneously going long a four-year forward would create exposure solely to the dividends in year five. 

This is at time zero similar to buying a five-year dividend futures if we leave out the exposure to the 

repo rate.  

The first approach to this strategy, which is the approach analyzed in section 7.1, is a type of hold-to-

maturity approach but where the position is closed at some point in time. This means that the profit 

from the position will only be evaluated at maturity as we then include the profit or loss from closing 

the position. This is a strategy where we examine where on the dividend curve it is most profitable to 

have exposure to and for how long this exposure should be maintained. When entering this type of 

trade with long/short forward positions with different maturities and evaluate at maturity, we need, at 

some point in time, to offset the initial position. Otherwise, we would be left with delta (stock) risk. 

 

5 Credit Support Annex. See appendix B for further description 



Page 51 of 120 

 

The timing of the offsetting position depends on the desired holding period. Using the example with 

the short five-year forward and the long four-year forward, we initially, at time zero, have exposure 

to the five-year dividends. After one year, the short forward has become a four-year forward and the 

long forward has become a three-year forward, hence the exposure is now to the four-year dividends. 

If the desired holding period is one year, hence solely have exposure to five-year dividends, we will 

in this example need to implement an offsetting position after one year. We do that by going long in 

a four-year forward and going short a three-year forward. The long four-year forward will offset the, 

at that time, short four-year forward and similarly the short three-year forward will offset the long 

three-year forward. All exposure is now eliminated, and the open position had a holding period of 

one year. Formally, we can write the opening and closing of the positions in this example as  

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛         → {
+𝐹0,5 − 𝑆5

−𝐹0,4 + 𝑆4

𝑂𝑓𝑓𝑠𝑒𝑡𝑡𝑖𝑛𝑔 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 → {
−𝐹1,4 + 𝑆5

+𝐹1,3 − 𝑆4

 

Where, 𝐹𝑡,𝑇 is the forward value at time 𝑡 for maturity 𝑇 and 𝑆𝑡 is the prevailing spot value of the 

index at time 𝑡. As the sum of spot values equals zero, the total position is closed and the profit only 

depends on the difference in the traded forward prices.  

We do this type of strategy for any forward maturity within the range of one to five years and for any 

holding period between one and four years. The holding periods of one to four years is due to the 

prices available in our data. The profit or loss from the trades will indicate where on the dividend 

yield curve it is most profitable to create exposure to and for how long the exposure should be held. 

The second approach to this long/short forward strategy, which we implement in section 7.2, is eval-

uating the profit from predetermined holding periods from daily Mark-to-Market fluctuations. Thus, 

we implement the same type of exposure with the same type of instruments but we do not evaluate 

the profit at maturity but instead use the daily Mark-to-Market to calculate profits on shorter terms. 

The predetermined holding periods are one month, three months, six months, one year, two years, 

three years and four years. For the second approach, we also step by step implement hedging posi-

tions, which we explain further in the next sections.   

The two approaches will ultimately belong to two separate analysis sections exploring different an-

gles of the trading strategy. We elaborate on the motivation behind this in section 7. 
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5.4. Interest rate hedge 

So far, our forward strategies do not take into account other risks in the forward than the desired 

dividend risk. To address a significant risk source in forwards we introduce an interest rate hedge. 

The forward contracts used in the strategies entail interest rate exposure. An increase in the interest 

rate also increases the forward price. Due to this a profit from the forward strategies described above 

could be from the pricing of dividends but it might also be due to changes in the interest rates. There-

fore, to isolate the effect of changes in the dividend pricing, we eliminate the interest rate exposure 

by hedging with interest rate swaps. 

The hedging is done by entering an interest rate swap for each forward in the strategy. Thus, for the 

strategy entailing both a long and a short forward two interest rate swaps are entered. The long for-

ward has a long interest rate exposure as increasing interest rates lead to a higher forward price hence 

increasing the value of the forward contract. Thus, to eliminate the interest rate exposure of the long 

forward a receiver swap is entered. In a receiver swap the fixed rate is received and the floating rate 

is paid thus the payments increase when interest rates increase resulting in a decrease in the value of 

the swap. If only the four-year rate increases, the value of the swap decreases as we receive a fixed 

four-year rate which is lower than the current four-year rate. This way the swap value decreases when 

the forward value increases hence the interest rate exposure is neutralized. 

The short forward has the opposite position hence it has a short interest rate exposure. This is hedged 

by entering a payer swap paying the fixed rate and receiving the floating rate creating long interest 

rate exposure. If interest rates increase the value of the forward decreases and the value of the swap 

increases as the (increasing) floating rate is received. This neutralizes the interest rate exposure of the 

short forward position.  

When the short and long forwards are both included in the strategy, both a receiver swap and a payer 

swap is used to hedge the interest rate exposure. The two swaps have different maturities and different 

notionals. The maturity of the receiver swap matches the maturity of the long forward whereas the 

maturity of the payer swap matches the maturity of the short forward.  

The interest rate exposure is not completely eliminated due to the fact that interest rate swaps have 

semiannual payments thus changes in shorter term interest rates affect the swap value but not the 

forward value. However, since the largest (theoretical) cash flow from the interest rate swap is paid 

at expiry, the swaps are good approximations of the interest rate exposure from the forward positions.  
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The notionals for the swaps are determined by the change in the forward prices when, in this example, 

the four- and five-year zero-coupon rates change. The five-year swap notional is determined in a way 

where the change in the swap value matches the change in the forward value when the five-year zero-

coupon rate changes: 

𝑁𝑜𝑡𝑖𝑜𝑛𝑎𝑙5𝑦𝑒𝑎𝑟 =
∆5 5𝑦𝑒𝑎𝑟 𝑓𝑜𝑟𝑤𝑎𝑟𝑑

∆5 5𝑦𝑒𝑎𝑟 𝑠𝑤𝑎𝑝 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡
 

Where, 

- ∆5 refers to the value change when changing the five-year zero-coupon rate 

The notional of the four-year swap is calculated similarly changing the four-year zero-coupon rate. 

However, the five-year swap also changes in value when the four-year zero-coupon rate changes 

(although not as much as when the five-year rate changes). Due to this, the notional of the four-year 

swap must also consider the effect on the five-year swap. 

𝑁𝑜𝑡𝑖𝑜𝑛𝑎𝑙4𝑦𝑒𝑎𝑟 =
∆4 4 𝑦𝑒𝑎𝑟 𝑓𝑜𝑟𝑤𝑎𝑟𝑑 +  ∆4 5𝑦𝑒𝑎𝑟 𝑠𝑤𝑎𝑝 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 ∗ 𝑁𝑜𝑡𝑖𝑜𝑛𝑎𝑙5𝑦𝑒𝑎𝑟

∆4 4𝑦𝑒𝑎𝑟 𝑠𝑤𝑎𝑝 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡
 

Where, 

- ∆4 refers to the value change when changing the four-year zero-coupon rate 

For other combinations of forward maturities, the swap maturities are changed accordingly to match 

the forward maturities. The calculation of notionals is identical always starting with the notional of 

the longest maturity swap so this can be included in the calculation of the shorter maturity swap. 

In theory, the interest rate hedge could be rebalanced to take into account changes in the interest rate 

exposure. However, for simplicity the interest rate hedge in our strategies is static i.e. not rebalanced.  

The interest rate hedge is implemented in the strategies in section 7.2. 

5.5. Beta hedge 

In the previous section, we elaborated on how we refine the strategies by implementing an interest 

rate hedge. In this section, we explain how we refine the strategies even further. As described in 

section 4.2, the dividend entails a beta risk. Therefore, as we create exposure to dividends in our 

strategies, we undertake beta risk. The beta is a different risk compared to the interest rate risk. In the 

previous section, we wanted to isolate the effect from interest rates as it has a direct impact on profits. 

This can be seen directly from the forward formula. This is not the case for the beta. The beta does 
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have an impact on the profits but it is not a part of the forward pricing as interest rates are. We apply 

the beta hedge solely because we want to eliminate stock market risk.  

To calculate the betas, we use dividend futures with one- to five-year maturity with the return on the 

Euro Stoxx 50 index functioning as regressor. We have chosen to calculate one-year rolling betas to 

get a simple, stable beta parameter. The importance of the beta hedge can be deducted from figure 24 

where the rolling betas are shown for each maturity.  

 

Figure 24 – Rolling one-year dividend beta for different maturities 

The one-year beta is close to zero as the one-year dividends trade close to the realized levels, hence 

they are not affected by stock market fluctuations. The dividend futures with longer maturities have 
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and four-year contracts and well above zero. However, from the beginning of 2016, the three-year 

beta starts declining rapidly and by mid-2017, the beta has reached the same level as the one-year 

beta and stays at that level in the rest of the data period. We have not found an explanation for this 

behavior, but we are aware of this in the analysis of our trading strategies. 

We apply the beta hedge in our strategies by shorting index futures the moment we enter a given 
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index futures. Suppose that we have created exposure to the five-year dividends. We can see from 

figure 24 that the five-year dividends have a large positive beta. Therefore, to offset the beta, we need 

the index futures to increase in value by the amount the dividends decrease in value and vice versa. 

To size the position in index futures, we are simply using the calculated betas, the dividend futures 

prices and the index futures prices. From them we can calculate the amount of index futures contracts 

we should enter at time t as  

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑖𝑛𝑑𝑒𝑥 𝑓𝑢𝑡𝑢𝑟𝑒𝑠𝑡 =
𝐷𝑖𝑣𝑖𝑑𝑒𝑛𝑑 𝑓𝑢𝑡𝑢𝑟𝑒𝑠𝑡

𝐼𝑛𝑑𝑒𝑥 𝑓𝑢𝑡𝑢𝑟𝑒𝑠𝑡
∗ 𝛽𝑡 

Where 𝛽𝑡 is the beta at time 𝑡. The parameters 𝐷𝑖𝑣𝑖𝑑𝑒𝑛𝑑 𝑓𝑢𝑡𝑢𝑟𝑒𝑠𝑡 and 𝛽𝑡 corresponds to the expo-

sure in the position e.g. if the position created is an exposure to five-year dividends, then the param-

eters entering the formula are 𝐷𝑖𝑣𝑖𝑑𝑒𝑛𝑑 𝑓𝑢𝑡𝑢𝑟𝑒𝑠5 and 𝛽5. 

The hedging position in the index futures is rebalanced every third month. Recall that the index fu-

tures used have a maturity of three months. Therefore, at maturity of each index futures a new hedging 

position is taken determined by the prevailing dividend futures price, index futures price and beta. 

Importantly, the beta parameter is also adjusted according to the holding period of the exposure. For 

example, if an exposure to the five-year dividends are created at time 𝑡 and held more than a year, the 

exposure at time 𝑡 + 1 year is a four-year dividend exposure, hence the beta used to calculate the 

hedging position is adjusted to a four-year beta etc. 

The beta hedge is implemented in the strategies in section 7.2. 

6. Performance measurement of the strategies 

In the evaluation of the profitability of the different strategies, we work both in return and profit 

space. We work in return space to apply the classical Sharpe ratio, which makes us able to compare 

the strategies to each other and to our benchmarks. We then work in profit space to encounter some 

of the shortcomings arising from converting profits to returns which affect the Sharpe ratio measure. 

6.1. Mark-to-Market and profit calculation 

Profit is calculated in two different ways. In section 7.1, profit is considered for the entire lifetime of 

the trade. This includes total profits from the opening position and profits from the closing position 

offsetting the exposure. In section 7.2, profit is calculated from Mark-to-Market (MtM) i.e. the daily 



Page 56 of 120 

 

changes in the total market value of the strategies. This includes the forwards, futures and interest 

rate swaps in each strategy. Thus, the daily profit is calculated as follows: 

𝑃𝑟𝑜𝑓𝑖𝑡𝑡 = 𝑀𝑡𝑀𝑡 − 𝑀𝑡𝑀𝑡−1 

Profit for a particular holding period is then calculated as the sum of the daily profit on the days 

included in the holding period. In this version of the profit calculation an offsetting closing position 

is not considered.  

A detailed description of the MtM and profit calculations is provided in appendix C. The calculation 

requires interpolation of the interest rates and discount factors. This is done in a way that accommo-

dates a plausible behavior of the forward rates. The component of the dividend yield and repo rate is 

also interpolated. 

6.2. Transformation to return space 

For us to work in return space we need to convert the profit of our strategies to returns. Returns are 

measured as the profit over a notional e.g. the return from a given stock is the profit over the amount 

of money it cost you to buy the stock. However, as our strategies are completely constructed through 

derivatives, we do not have a traditional notional. The value of our positions is zero at the time we 

enter a given trade, hence the return the following day would be an infinite number. Therefore, we 

need an alternative to the notional to calculate returns. We have chosen to work with two alternatives, 

which are the Expected Shortfall (ES) and the Value at Risk (VaR). We refer to both as denominators. 

Although we work with both denominators, we do, in section 7, only present and analyze the results 

based on ES. This is to avoid redundancy as the results based on VaR are similar to that of ES. 

Nonetheless, the VaR calculation is important as ES is based on VaR, which is also why a complete 

presentation of the results based on VaR can be found in appendix M. In section 9.1 we provide a 

discussion between the use of the two in relation to the purpose of this thesis.    

As we need VaR to estimate the ES of the strategies, in the next two paragraphs we describe the 

properties and assumptions behind the two measures.    

Value at risk 

VaR is a way of quantifying the total risk of an investment in a single number. Therefore, VaR can 

be interpreted as the required capital to take on a given position according to Basel principles (Kellner 

& Rösch, 2016). VaR is a statement of: “We are X percent confident that our losses will not exceed 
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𝒱 euros in T time”. Where, 𝒱 is the VaR of the investment, X is the chosen confidence level and T 

is the time period (Hull, Risk Management and Financial Institutions, Fourth Edition, 2015). 

In our analysis, we apply the parametric VaR, which is the closed-form VaR. The underlying assump-

tion of this VaR is that returns are following the probability distribution of a normal distribution. That 

allows VaR to determine a minimum loss on an investment based on the volatility of the profit and a 

desired confidence level. The common confidence levels applied are the 99%, the 95% or the 90%. 

That is essentially that the aim is to be 99%, 95% or 90% confident that losses will not exceed a given 

value. For example, if the 95% one-month VaR of a position is 1,000, we would be 95% confident 

that we will not experience a loss greater than 1,000 within a month. Said differently, there is a 5% 

probability that the position will lose at least 1,000 within a month. The example is visualized in 

figure 25 where the intuition is; given the distribution of profits is normally distributed, there is a 95% 

probability that the one-month profit is in the grey area.  

The parametric VaR is calculated as  

𝒱 = 𝜎𝑝 ∗ 𝑁(𝛼)−1 

Where, 𝜎𝑝 is the standard deviation of the daily profits on a given position in a given time horizon, 

and 𝑁(𝛼)−1 is the inverse of the standard normal distribution with loss probability 𝛼, which is one 

minus the desired confidence level. In calculating VaR on each position we use the assumption of an 

average daily mean of zero. 

 

Figure 25 – Illustrational example of Value at Risk with normally distributed returns  
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Obviously, VaR is a very simple way to state how much risk there is from taking a certain position. 

That risk we hypothetically place to fund the position and thereby we have a denominator for calcu-

lating returns.  

In our strategies, we use a confidence level of 95%. Since we are evaluating positions from trading 

each day, VaR is calculated every day for every type of position we enter. The VaR is calculated ex-

post meaning it is based on the volatility from the realized profits on each position. To avoid signifi-

cant fluctuations in VaR, we are calculating the daily VaR based on daily volatility from holding a 

position until maturity and then subsequently it is scaled from daily VaR to the corresponding holding 

period. For example, if we calculate the VaR on a position with a holding period of two years, the 

daily volatility is calculated from the daily profits obtained through the lifetime of the position and 

then the daily VaR is scaled to a two-year VaR by multiplying with the square root of the number of 

days in two years, where we use the convention of 252 trading days in a year.  

Expected shortfall 

ES is, as VaR, a way of quantifying the risk of an investment in a single number. However, it is 

slightly more sophisticated than VaR as it encounters some of the shortcomings of VaR. VaR does 

not explain anything about the losses beyond the 5% loss level. ES, on the other hand, quantifies the 

expected loss conditional on the 5% VaR has been breached. That means it is the average of the 5% 

worst outcomes if a 95% confidence level is used. Thereby, ES is a statement of; “If we know things 

go bad, what is then our expected loss”. ES is also referred to as conditional Value at Risk (cVaR).  

Figure 26 illustrates an extreme example, where ES will differ significantly from VaR. This example 

also violates the assumption of normally distributed returns, however, it exemplifies that VaR only 

determines a minimum loss with a given probability and not how bad things can get. Essentially, the 

interpretation of figure 26 is: “We are 95% confident that we will not realize a loss greater than 

1,000, but there is a 5% probability that the loss is e.g. 5,000”. The ES will take those extreme 

scenarios into account. 

ES can, as VaR, be calculated in a closed-form solution, however, we estimate ES empirically using 

the closed-form VaR as threshold. By this we mean that the 5% VaR level will function as the mini-

mum loss and then ES is the average of all realized losses greater than that minimum loss. Equiva-

lently to VaR, ES is calculated every day for every type of position. 
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Figure 26 – Illustrational example of a scenario where Expected Shortfall better depicts the true risk 

Calculation method of returns 

In the calculation of daily returns, we use log returns instead of simple returns. We do that because 

of the statistical property of additivity, which is useful when annualizing returns. Obviously, the use 
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where we use the daily profit but where it is scaled in terms of risk, where we by risk mean VaR and 

ES. 

Benchmarking 

The Sharpe ratio and profit scaling do in isolation not provide information about the performance of 

the strategies except from the performance between each other. In general, when discussing perfor-

mance, returns or risk-adjusted returns are not interesting without a benchmark. If a strategy has per-

formed a return of 2% in a month, we could not conclude whether this was good or not without taking 

an alternative into account. Therefore, the performance of the strategies must be compared to a bench-

mark.  

In our thesis, we have chosen to benchmark the performance of our strategies to two different bench-

marks. The underlying index of our strategies i.e. the Euro Stoxx 50 index and the S&P500 index.  

It is obvious to use the Euro Stoxx 50 index as benchmark as it functions as underlying asset for all 

derivatives in our strategies. This provides us with an indication of whether it has been profitable to 

exploit the derived effects from the market dynamics or one would have been better off by simply 

creating exposure to the underlying index.  

S&P500 is a leading index and useful to show the development of the global markets. Benchmarking 

our strategies against the return of S&P500 gives us an indication of how our strategies perform under 

certain global market conditions. Simultaneously, the S&P500 has performed significantly better than 

the Euro Stoxx 50, thus even though our strategies might outperform the equity investments in Euro 

Stoxx 50, it might not outperform equity investments in general.  

Normality check on data 

Since we are using VaR and ES, we are, as mentioned, assuming a normal distribution of returns from 

the strategies. It is naturally not granted that the returns are normally distributed. Therefore, we can 

test for normality by calculating the skewness and the kurtosis of the distributions6. This is done for 

both strategies and benchmarks.  

 

6 See appendix D for explanation of skewness and kurtosis 
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The skewness of a distribution is the third moment about the mean and tells something about how 

symmetrical the distribution is or more precise the lack of it. The distribution in figure 25 has a skew-

ness of zero meaning it is perfectly symmetrical, which can be seen by the median and mean being 

the same. A negatively skewed distribution is where the left tail of the distribution is longer relatively 

to the right tail and vice versa. In a negatively skewed distribution there is a higher probability of 

observing returns above the mean.  

The kurtosis is referred to as the fourth moment about the mean and is a measure of the distribution 

tails. Thus, kurtosis measures the presence of outliers in a distribution. A normal distribution has a 

kurtosis of three, which is called a mesokurtic distribution. If the kurtosis is higher than three, the 

distribution is called leptokurtic meaning that tails are fatter than the normal and extreme outcomes 

are present in the data. If it is less than three, the distribution is called platykurtic and the tails are 

thinner than the normal and less extreme outcomes are present in the data. 

In table 1, we see the distribution skewness and kurtosis for strategies and benchmarks. The moments 

are calculated on daily returns and are averages e.g. the skewness for the one-month holding period 

is the average of all strategies with a one-month holding period. 

Holding period in months Skewness Kurtosis 

1 -0.222 3.185 

3 -0.228 3.267 

6 -0.267 3.758 

12 -0.364 4.686 

24 -0.354 5.527 

36 -0.454 7.420 

48 -0.383 9.744 

SX5E -0.034 4.824 

SPX -0.430 4.527 

Table 1 – Average skewness and -kurtosis for strategies and benchmarks  

Table 1 shows that the skewness is negative for all strategies and benchmarks. The skewness measure 

decreases slightly as the holding period increases but in general the distributions are fairly symmet-

rical. That is, generally we observe returns around the mean but there is a small tendency that we 

observe returns above the mean and to a slightly higher degree for long holding periods. The same 

conclusion can be made for the benchmarks, where the distribution of S&P500 (SPX) returns is very 

close to symmetrical and the Euro Stoxx 50 (SX5E) returns a bit more skewed but still fairly sym-

metrical. 
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The kurtosis of the strategies differs significantly dependent on the holding period. The distribution 

of returns up and until the six-months holding period are close to that of a normal distribution. How-

ever, from the one-year holding period and forward, the kurtosis increases significantly going from a 

mesokurtic distribution to a leptokurtic distribution. The large kurtosis in our distributions mean that 

we have extreme returns both positive and negative in our strategies compared to the normal distri-

bution. The benchmarks also exhibit larger kurtosis than the normal, which comes as no surprise, 

since it has become a stylized fact that daily stock returns exhibit a more fat-tailed distribution than 

that of the normal.   

From table 1, we can conclude the distribution of returns in the strategies are not normal and neither 

are the benchmarks. However, one should be cautious about the interpretation of the moments since 

they can be non-robust as they are very sensitive to outliers (Tae-Hwan & White, 2004). Nonetheless, 

we are aware of the implications arising from the properties of non-normal distributions when using 

VaR and ES. We discuss this in section 9.1. For now, we do not make any refinements to the perfor-

mance measurement approaches but are aware of the potential effect.  

Sharpe ratio 

The first performance measurement approach we apply in our strategies in section 7.2 is the Sharpe 

ratio. The Sharpe ratio is a risk adjusted return measure developed by Sharpe (1966) to provide a 

better understanding of an investment’s return to its risk in terms of variability. It is measured as the 

excess return from an investment meaning the return in excess of the return of a risk-free investment. 

The Sharpe ratio is a respected measure to evaluate the performance between two different invest-

ments with different risk and it adopts one of the most important concepts in finance that one should 

be compensated for taking risk.  

Formally, the Sharpe ratio can be written as 

𝑆ℎ𝑎𝑟𝑝𝑒 𝑟𝑎𝑡𝑖𝑜 =
µ𝑖 − 𝑟𝑓

𝜎𝑖
 

Where, µ𝑖 is the return of investment 𝑖, 𝑟𝑓 is the return from a risk-free investment i.e. the risk-free 

rate and 𝜎𝑖 is the standard deviation of investment 𝑖. We use the EURIBOR rates as the risk-free rates 

in our measurement.  
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The calculated Sharpe ratios is ex-post Sharpe ratios as it is based on realized returns and not expected 

returns. We compare the Sharpe ratios between the different strategies and to the two benchmarks in 

section 7.2.  

Profit scaling 

The second performance measurement approach is the profit scaling. We apply this approach to en-

counter the challenges from transforming the profits to returns. As previously explained, the strategy 

returns can be slightly distorted due to the calculation method of returns. This is avoided by simply 

scaling the realized profits. Besides being a solution to the return challenges, the profit scaling is 

simultaneously a way to examine how much every strategy and benchmark earns throughout the en-

tire period if the same amount of risk was invested in each.  

The profits are scaled in terms of risk, where we by risk mean VaR or ES. Concretely, the daily 

average profit from each strategy and benchmark is scaled to match a VaR or ES of 100 and then 

subsequently accumulated. For example, if we evaluate a strategy with a one-month holding period, 

we calculate the average daily profits of that position if we entered the position every day. From the 

daily average profits, we calculate the daily VaR or ES, which we then use to scale the daily average 

profit such that the profit reflects a VaR or ES of 100. The scaled daily profits are then accumulated 

to create a timeseries of scaled profits that can be compared to another strategy or benchmark.  

Formally, we can write the accumulated scaled profits based on ES as   

𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝐸𝑆 𝑠𝑐𝑎𝑙𝑒𝑑 𝑝𝑟𝑜𝑓𝑖𝑡 = ∑ (µ̅𝑡 ∗
100

𝐸𝑆𝑝
)

𝑛

𝑡=1

 

Where,  µ̅𝑡 is the average daily profit at time 𝑡 and 𝐸𝑆𝑝 is the ES on the timeseries of average daily 

profits. An equivalent calculation is made for VaR just with VaR as risk measure, where the results 

can be seen in appendix M. 

We apply the scaling to all strategies and both benchmarks for each of the holding periods in section 

7.2.  

Evaluation of risk adjusted measures 

The use of risk adjusted measures is interesting. There are many types of risk adjusted measures and 

some are more useful than others. We have chosen a classical measure, the Sharpe ratio, and a more 
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practical measure, the risk scaled profits. There are pros and cons for both measures, but we apply 

them both for two reasons.  

The first reason has already been mentioned and that is, we encounter mathematical challenges in 

calculating returns on the estimated denominators due to significant leverage. That is avoided using 

scaled profits, as the profit is not converted to a return but simply used as it is. In this perspective, the 

scaled profit measure is more consistent than the Sharpe ratio since the results are not distorted by 

potential calculation flaws.  

The second reason is because we encounter practical challenges when using scaled profits. Recall, 

that we by scaled profits measure the profit in € when a strategy is scaled to a certain risk. This 

essentially means that, dependent on the risk measure, we scale the risk by hypothetically buying 

more contracts and this naturally has an impact on the profitability as the trading costs increase. Since 

the option data is OTC, we cannot obtain bid-ask spreads meaning we cannot quantify the impact of 

those trading costs. We do not face this challenge using Sharpe ratios as we can measure the risk 

adjusted performance on a one-contract basis, hence the influence from trading costs is negligible. 

Therefore, in this perspective, the Sharpe ratio is better as it is more unbiased from practical chal-

lenges related to trading costs. 

The two reasons explain why we apply both measures. On one hand, we get a consistent but practical 

biased measure in risk scaled profits and on the other hand, we get an inconsistent but practical unbi-

ased measure in Sharpe ratios. Therefore, in the evaluation of strategy performances in section 7.2, 

we consequently apply both measures. However, the expected deviation between the conclusions 

from the two is small. 

In section 7.3, we apply a discussion of the implications from trading costs and cautiously give an 

indication of the potential impact on the profits.  

7. Empirical results 

The analysis of our results is structured in two separate parts. As mentioned in section 2, it is primarily 

institutional investors who absorb the dividend exposure offloaded by banks. Institutional investors 

are typically long-term investors, thus in the first part of the analysis we consider the performance of 

our strategies from a long-term perspective. By that we mean that profits are evaluated at maturity 

including both an opening- and a closing position. This can be done using the prices in our dataset 

which enables us to consider holding periods of one to five years before the position expires or is 
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closed. These holding periods match the long-term perspective considered in this part of the analysis. 

Furthermore, the first part of the analysis provides a comparison between the different methods for 

creating dividend exposure. The first part of the analysis is referred to as the hold-to-maturity ap-

proach. 

The second part of the analysis challenges the long-term perspective by considering shorter holding 

periods. This is done by introducing profit calculations based on daily Mark-to-Market. The approach 

implemented in this part of the analysis also provides more detailed information regarding the most 

optimal exposure to the dividend curve as we continuously roll up a specific part of the curve. Closing 

positions are not considered in the second part of the analysis as the MtM approach enables us eval-

uate profits on daily basis instead of only evaluating at maturity as done in the first part of the analysis. 

The second part of the analysis focuses on the optimal method for creating dividend exposure found 

in part one. Further analysis of this strategy is provided as hedging positions are added. We refer to 

the second part of the analysis as the Mark-to-Market approach. 

 

7.1. Analysis of the hold-to-maturity approach 

In this part of the analysis we evaluate the performance of the strategies using the hold-to-maturity 

approach. Thus, we evaluate profits at maturity when the position is closed after a given holding 

period. This part of the analysis considers both a dividend futures strategy, a short forward strategy 

with rolling index futures and a long / short forward strategy. 

Dividend Futures Strategy 

The following provides an analysis of the results from the dividend futures strategy. There are differ-

ent versions of the strategy and we start by considering a “buy and hold to maturity” dividend futures 

strategy with different maturities. 

In this version of the strategy on any given day we buy dividend futures contracts with maturities of 

one to five years and hold the contracts until they expire. The resulting profit is the difference between 

the dividend futures price when entering the trade and the realized dividends when the contract ex-

pires. Figure 27 shows the hold-to-maturity profit from making these trades on each day of the data 

period. As we need to know the realized dividends at expiry the latest results for the five-year divi-

dend futures is from trading end of 2014 and so on. 



Page 66 of 120 

 

 

Figure 27 – Total profits from dividend futures held to maturity 

Figure 27 clearly illustrates that longer maturity dividend futures generally results in higher profits. 

Hence the five-year contract has the highest profit throughout the period and the one-year contract 

has the lowest profit. However, it is also shown that the volatility (volatility refers to standard devia-

tion unless otherwise specified) is higher for the five-year contract. Table 2 summarizes the average 

profits and standard deviations of the different contracts to provide a risk adjusted measure of the 

performance.  

  
Mean Standard deviation Risk adj measure 

  

1yr div 0.71 1.54 0.46 

2yr div 5.27 3.99 1.32 

3yr div 10.55 6.94 1.52 

4yr div 15.81 8.27 1.91 

5yr div 19.32 9.02 2.14 

Table 2 – Mean, standard deviation and risk adjusted measure for total profit of dividend futures 

Table 2 shows that the average profit increases significantly with longer maturities. So does the stand-

ard deviation but looking at a risk adjusted basis, which is calculated as the mean divided by the 

standard deviation, the longer maturity contracts perform better than shorter maturity contracts. 

Hence the risk adjusted measure is 0.46 for the one-year dividend futures contract whereas it is 2.14 
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for the five-year dividend futures contract. The results are not surprising as it is consistent with the 

preliminary observations from the dividend futures market in section 4.2 where we found that the 

inverted dividend futures curve for Euro Stoxx 50 means that the five-year dividends are generally 

the cheapest. This provides a greater carry roll when buying the contract at a low price and holding 

to maturity. 

The trades summarized above have different holding periods. This means that even though the five-

year profit is higher you must also wait longer to obtain the profit. To accommodate this, the results 

are summarized in table 3 on a holding period adjusted basis. Thus, instead of considering the total 

profit from the trade, the table summarizes profit per year for each trade. 

  
Mean Standard deviation Risk adj measure 

  

1yr div 0.71 1.54 0.46 

2yr div 2.63 1.99 1.32 

3yr div 3.52 2.31 1.52 

4yr div 3.95 2.07 1.91 

5yr div 3.86 1.80 2.14 

Table 3 – Mean, standard deviation and risk adjusted measure for dividend futures profit per year 

The average profit is no longer consistently increasing with maturity when looking at profit per year. 

The average profit per year from the five-year trade is lower than for the four-year trade indicating 

that the extra profit obtained from the five-year trade is not enough to make up for the extra year 

spent. However, this is only true when you are only considering the average profit. The standard 

deviation in profit per year is increasing with maturity up to a maturity of three-years and then de-

creasing. In fact, the five-year contract has the second lowest standard deviation but the second high-

est profit per year. In contrast, the one-year contract which has the lowest standard deviation also has 

the lowest profit. Considering the risk adjusted measure of performance, the conclusion from table 2 

has not changed. The best relationship between profit and risk (here measured as standard deviation) 

is obtained by investing in the five-year contract. The risk adjusted measure is consistently increasing 

with maturity. 

The results above are based on a strategy where the position is held to maturity. When considering 

shorter holding periods, profit is simply calculated as the difference in the buying price and the selling 

price of the dividend futures. Figure 28 illustrates the profit for the five-year contract with different 
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holding periods. The solid lines show profit per year and the dotted lines show the total profit for each 

trade. 

 

Figure 28 – Profits from a five-year dividend futures with different holding periods 

The one-year holding period often has high profit per trade indicating a profitable carry roll between 

year four and year five. However, the volatility of the one-year holding period is also far greater and 

it sometimes results in very negative profits. The two-year holding period also occasionally results in 

negative profits, although less extreme, whereas the three to five-year holding periods rarely have 

negative profits. Generally, the average profit per year is higher for shorter holding periods but so is 

the volatility. 

It is interesting that the analysis of the hold-to-maturity strategy above shows that the longer-term 

contracts, hence the five-year contract, has the highest average profit and risk adjusted performance 

but figure 28 indicates that when buying the longer maturity contracts, shorter holding periods often 

lead to higher profits. This indicates an attractive carry roll on the part of the dividend futures curve 

with long horizons. 

Table 4 summarizes the profit from the different holding periods of a five-year dividend futures con-

tract considering both total profit and profit per year. 
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  Total profit Profit per year 

  
Mean 

Standard 

deviation 

Risk adj 

measure 
Mean 

Standard 

deviation 

Risk adj 

measure   

1yr holding period 4.29 9.92 0.43 4.29 9.92 0.43 

2yr holding period 10.83 12.56 0.86 5.42 6.28 0.86 

3yr holding period 16.66 9.65 1.73 5.55 3.22 1.73 

4yr holding period 19.20 8.85 2.17 4.80 2.21 2.17 

5yr holding period 19.32 9.02 2.14 3.86 1.80 2.14 

Table 4 – Mean, standard deviation and risk adjusted measure for different holding periods 

As expected, the average total profit is increasing with longer holding periods. This indicates that the 

dividend futures curve is generally perfectly inverted as rolling one more year up the curve is always, 

on average, profitable. However, as before it is more interesting to consider the profit per year.  

The average profit per year is relatively similar for different holding periods but the five-year holding 

period has the lowest average profit per year. This means that the last year of carry roll i.e. the roll 

between year zero (expiry) and year one is not as attractive as the other parts of the curve although 

still profitable. The standard deviation shows a clear pattern of lower standard deviation in profit per 

year when the holding period increases. The risk adjusted performance is generally increasing with 

longer holding periods although there is a small decline from increasing the holding period from four 

to five years. The conclusion from this is that the carry roll between year one and expiry is not attrac-

tive on a risk adjusted basis as the increase in profit is not large enough to offset the increase in the 

standard deviation of the total profit. This matches our previous findings regarding the dividend fu-

tures curve. 

So far, the conclusion is that the most profitable carry roll comes from buying the five-year contract 

and the optimal holding period for the five-year contract is four years i.e. not including the roll be-

tween year zero (expiry) and year one. One last comparison that needs to be done is to compare the 

same holding period for different contracts. This is done in the following. 

Figure 29 shows the profit from a one-year holding period considering the different dividend futures 

contracts with maturities from one to five years. 
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Figure 29 – Profits from dividend futures with different maturities and a one-month holding period 

There is a clear pattern of longer maturity contracts having higher volatility. There appears to be a 

high correlation in the profit of the different contracts as they perform well at the same time and 

poorly at the same time. Considering the one-year holding period, the five-year contract on average 

appears to be most profitable although the high volatility makes it difficult to draw a conclusion from 

this. 

Table 5 shows the average profit per year for each contract with holding periods from one to five 

years. 

Mean profit per year 

Holding period 1 year 2 year 3 year 4 year 5 year 

Contract 
     

1 year 0.71 - - - - 

2 year 3.86 2.63 - - - 

3 year 4.88 4.39 3.52 - - 

4 year 5.41 5.44 4.94 3.95 - 

5 year 4.29 5.42 5.55 4.80 3.86 

Table 5 – Mean profit per year for different maturities and holding periods 
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Table 5 clearly shows a pattern as for any given holding period the average profit per year is higher 

for contracts with longer maturity with only one exception for the one-year holding period as the 

average profit decreases for the five-year contract. This indicates that the carry roll from year five to 

year four is not as good as for the medium-term contracts although it still outperforms the shortest 

maturity contracts. For any given contract, the profit per year is generally lower for longer holding 

periods with few exceptions especially regarding the five-year contract. The highest profit is obtained 

by buying the five-year contract and selling it after three years as this gives an average profit per year 

of € 5.55. 

Table 6 shows the corresponding standard deviations for the contracts and holding periods considered 

above. It shows a clear pattern of increasing standard deviation for longer maturity contracts and 

decreasing standard deviation for longer holding periods. The effect from increasing the holding pe-

riod appears to be larger than the effect from buying a shorter maturity contract. Thus, increasing the 

holding period of the five-year contract from one to two years reduces the standard deviation from 

9.92 to 6.28 whereas choosing a four-year contract instead of a five-year contract with a one-year 

holding period only reduces the standard deviation to 8.61.  

Standard deviation 

Holding period 1 year 2 year 3 year 4 year 5 year 

Contract 
     

1 year 1.54 - - - - 

2 year 4.11 1.99 - - - 

3 year 6.37 3.63 2.31 - - 

4 year 8.61 4.88 2.94 2.07 - 

5 year 9.92 6.28 3.22 2.21 1.80 

Table 6 – Standard deviation in profit per year for different maturities and holding periods 
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Table 7 shows the risk adjusted measure of the different contracts and holding periods. 

Risk adj measure 

Holding period 1 year 2 year 3 year 4 year 5 year 

Contract 
     

1 year 0.46 - - - - 

2 year 0.94 1.32 - - - 

3 year 0.77 1.21 1.52 - - 

4 year 0.63 1.11 1.68 1.91 - 

5 year 0.43 0.86 1.73 2.17 2.14 

Table 7 – Risk adjusted measure for different maturities and holding periods 

It is difficult to find a clear pattern in the risk adjusted performance in relation to the maturity of the 

contracts. However, there is a clear pattern regarding holding periods. For each contract, the risk 

adjusted performance increases with longer holding periods. The only exception is the five-year con-

tract when increasing the holding period from four to five years which slightly decreases the risk 

adjusted performance from 2.17 to 2.14. The overall best performing strategy is to by the five-year 

contract and hold it for four years. 

Considering the results for a one-year holding period is interesting as it indicates which part of the 

dividend futures curve that provides the best carry roll. The highest risk adjusted performance of 0.94 

is for the roll from year two to year one. The worst performance is from rolling from year five to year 

four and from year one to year zero (expiry). Thus, it clearly shows that the most profitable part of 

the curve for a carry roll is the mid-term years which interestingly also matches the highest trading 

volume on dividend futures. 

Key findings from the analysis of the dividend futures strategy 

The conclusion to the dividend futures strategy is that when holding to maturity, longer maturity 

contracts perform better both in terms of profit and risk adjusted performance. When considering 

different holding periods, generally longer holding periods perform better on a risk adjusted basis 

primarily due to lower volatility. The optimal strategy is to buy a five-year contract and hold it for 

four years. This means selling it before the last year until expiry where dividend futures prices are 

already close to the corresponding realization due to the pull-to-par effect and high degree of infor-

mation. Considering one-year holding periods, they show that the best part of the curve for a carry 
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roll is from year two to year one. The feature of better performance for longer holding periods indi-

cates that the dividend futures strategy is most attractive for investors with long investment horizons 

such as pension funds. 

Short forward strategy with rolling index futures 

The following provides an analysis of the results from the forward strategy that consist of a short 

forward and rolling three-months index futures. The analysis includes a comparison to the results 

regarding the dividend futures strategy. 

In this version of the strategy on any given day we short a (synthetic) forward and go long a three-

months index futures which is rolled throughout the holding period. The position is traded for matur-

ities of one, two, three, four and five years. In this part of the analysis, the position is held until 

maturity of the forward contract. Figure 30 shows the profit from the entire holding period on any 

given trading day. 

 

Figure 30 – Total profits from short forwards with different maturities and rolling index futures 

Figure 30 shows that longer maturity contracts provide significantly higher profit throughout the en-

tire period. The only exception is the two-year contract which in a few cases has lower profit than the 

one-year contract. Figure 30 provides a convincing argument for choosing longer maturity forwards. 
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However, the volatility also appears to be greater for longer maturities. Table 8 below summarizes 

the total profit from the different short forward strategies. 

  Total profit 

  
Mean Standard deviation Risk adj measure 

  

1 year forward 8.78 16.02 0.55 

2 year forward 35.23 29.98 1.18 

3 year forward 83.50 38.46 2.17 

4 year forward 152.62 43.20 3.53 

5 year forward 245.44 47.74 5.14 

Table 8 – Mean total profit, standard deviation and risk adjusted measure for forwards 

The average profit increases drastically with longer maturities. So does the standard deviation yet, 

the increase is relatively smaller. This leads to a risk adjusted performance that is clearly increasing 

with longer maturity contracts. However, some things should be noted. 

This strategy creates exposure to all dividends until maturity of the forward contract. Hence the five-

year forward includes more years of dividends than shorter contracts. As the analysis of the dividend 

futures strategy showed that dividend exposure is generally profitable, regardless of the point on the 

dividend curve, then it is expected that exposure to more years’ dividends results in a higher profit. 

Figure 31 shows the profit per year. 
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Figure 31 – Profit per year from short forwards with different maturities and rolling index futures 

As figure 31 shows the conclusion does not change much as the longer maturity contracts still have 

higher profit. The amount of the profit obviously changes when correcting for the different number 

of years included in the contracts however, the performance ranking is unchanged in the sense that 

the five-year forward still generates the highest profit and the one-year forward generates the lowest. 

It appears that volatility is decreasing with longer maturities. Table 9 summarizes the mean, standard 

deviation and risk adjusted performance for the different contracts considering profit per year. 

  Profit per year 

  
Mean Standard deviation Risk adj measure 

  

1 year forward 8.78 16.02 0.55 

2 year forward 17.62 14.99 1.18 

3 year forward 27.83 12.82 2.17 

4 year forward 38.16 10.80 3.53 

5 year forward 49.09 9.55 5.14 

Table 9 – Mean profit per year, standard deviation and risk adjusted measure for forwards 
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Table 9 shows that profit per year is increasing with longer maturity forwards and the standard devi-

ation is decreasing. This clearly leads to the best risk adjusted performance for the five-year forward. 

The conclusion is similar to that from the dividend futures strategy however, the results are not di-

rectly comparable as the dividend exposure differs between the two strategies. The five-year dividend 

futures include one year’s dividends between year four and year five whereas the five-year forward 

include five years’ dividends between the trade date and expiry at year five. To make the strategies 

comparable the five-year forward must be compared to the sum of one-, two-, three-, four- and five-

year dividend futures and similarly for other maturities. This is done in the following. 

 

Figure 32 – Profit per year from dividend futures and short forward with rolling index futures 

Figure 32 illustrates a comparison between the strategy with a short forward with rolling three-months 

index futures and the profit from the corresponding dividend futures strategy. As an example, the 

profit from the two-year dividend futures strategy is the sum of the profit from the one-year dividend 

futures and the two-year dividend futures. The dotted lines show the profit from the forward strategy 

which appears to generally have higher profit although volatility is also far greater. The pattern is the 

same for both strategies as longer maturity contracts have higher profit. Table 10 summarizes the 
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results regarding profit per year for these two types of strategies with maturities from one to five 

years. 

  Dividend futures Short forward 

  
Mean 

Standard de-

viation 

Risk adj 

measure 
Mean 

Standard de-

viation 

Risk adj 

measure   

1yr 0.71 1.54 0.46 8.78 16.02 0.55 

2yr 3.45 3.02 1.14 17.62 14.99 1.18 

3yr 7.27 4.63 1.57 27.83 12.82 2.17 

4yr 11.40 5.97 1.91 38.16 10.80 3.53 

5yr 15.22 7.78 1.96 49.09 9.55 5.14 

Table 10 – Profit per year for dividend futures and short forward with rolling index futures 

The overall conclusion is the same for the forward strategy as for the dividend futures strategy. Yet, 

there are some differences. For both strategies, the average profit per year is increasing with longer 

maturities however, as discussed, this simply indicates that creating dividend exposure generally 

leads to a positive profit regardless of which part of the dividend curve you are exposed to. Thus, 

exposure to more years’ dividends is generally more profitable.  

An interesting thing to notice is that the standard deviation is increasing with longer maturities for 

the dividend futures strategies but decreasing for the forward strategies. In case of the dividend futures 

the increasing standard deviation is not enough to offset the increasing average profit thus the risk 

adjusted performance is better for longer maturity contracts. For the short forward, increasing average 

profit and decreasing standard deviation clearly lead to increasing risk adjusted performance with 

longer maturities as already discussed. Thus, whereas longer maturity for the dividend futures is a 

tradeoff between high profit and low standard deviation (although in favor of the increasing profit) 

for the forward strategy there is no tradeoff as both average profit and standard deviation benefits 

from increasing maturity.  

Key findings from the analysis of the short forward strategy with rolling index futures 

The conclusion for the short forward strategy with rolling index futures is that generally longer ma-

turity contracts provide a better risk adjusted performance. Longer maturities increase the profit and 

risk adjusted performance for both strategies and for the forward strategy it also decreases volatility. 

The forward strategy convincingly outperforms the dividend futures strategy. It should be noted that 
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the dividend exposure is not identical as the forward strategy does not have exposure to the dividends 

paid during the life of the futures contract (i.e. a maximum of three months). However, this effect is 

considered to be minor thus cannot explain the outperformance of the forward strategy. However, 

there are other exposures in the forward which might explain some of the overperformance. These 

issues will be addressed in section 7.2. when different hedging positions are added to the long / short 

forward strategy. 

Long / short forward strategy 

The following provides an analysis of the results from the 

forward strategy that entails shorting a forward and going 

long a different forward with shorter maturity. The analysis 

includes a comparison to both the dividend futures strategy 

and the forward strategy consisting of a short forward and 

rolling three-months index futures.  

In the long / short forward strategy there are ten possible 

combinations of a long and short forward to consider. The 

maximum holding period is determined by the maturity of 

the long forward. Figure 33 illustrates the different positions 

with a short five-year forward and a one-year holding pe-

riod. 

 

Figure 33 – Profits from strategies with a short five-year forward and a one-year holding period 
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Figure 33 shows a clear pattern of higher profit when going long in shorter maturity forwards. There 

are two ways to understand this in relation to dividends. The first point is the same as discussed in 

the analysis of dividend futures and the short forward strategy with rolling index futures. Generally, 

dividend exposure generates a positive profit. This is true regardless of what point of the dividend 

curve you are exposed to. Thus, having exposure to two years’ dividends rather than one should 

generate a higher profit. This is exactly what we see in figure 33 as the S5L4 position has the lowest 

profit and only creates exposure to one year of dividends (between year four and year five). The S5L3 

position has exposure to two years of dividends between year three and year five and also has signif-

icantly higher profit. The pattern continues as the most profitable position is S5L1 which creates the 

maximum amount of dividend exposure between year one and year five. The pattern is the same as 

shown in table 9 for the short forward strategy with rolling index futures where the highest profit per 

year is obtained by shorting the five-year forward which has the largest dividend exposure. 

Another way to look at it is by considering the forward prices which are closely related to the dividend 

curve. When the dividend curve is inverted, the longer-term dividends i.e. the five-year dividends are 

the cheapest which leads to a higher forward price. As we receive the five-year forward price that we 

are shorting and pay the price of the forward we go long, we want to go long the cheapest possible 

forward i.e. the one-year forward. For longer holding periods going long a one-year forward has the 

disadvantage that it can only be held for one year and then a new position must be entered. This might 

be a disadvantage especially if trading costs are considered as will be discussed in section 7.3. 

Longer holding periods are explored in the following. Figure 34 shows profit per year for holding 

periods of both one and two years. The solid lines show the two-year holding period positions whereas 

the dotted lines show the one-year holding period positions from figure 33 for comparison. 
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Figure 34 – Profits from strategies with a short five-year forward and one- /two-year holding periods 

From figure 34 it is indicated that the two-year holding period positions do not clearly outperform the 

one-year holding period positions when considering profit per year. The highest profit still appears to 

be from the S5L1 position with a one-year holding period followed by the S5L2 position also with a 

one-year holding period. Adding the three- and four-year holding period positions do not change the 

pattern as they generally have low profits and appears to be outperformed by the shorter holding 

periods. Those figures can be seen in appendix G. The indication so far regarding average profit is 

that the long forward should have the shortest possible maturity and shorter holding periods lead to 

higher profit. The pattern is the same when considering positions shorting a four-, three- or two-year 

forward as can be seen in appendix G. Figure 35 illustrates the position and holding period for each 

short forward that generates the highest profit. 
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Figure 35 – Strategy with the highest profits for each short forward 

Regardless of which forward is shorted, the position with a long one-year forward and one-year hold-

ing period gives the highest profit. The position with the highest profit when considering all combi-

nations of short and long forwards and holding periods is the S5L1 position with a one-year holding 

period. There is a clear pattern as shorting the five-year forward gives a higher profit than shorting 

the four-year forward and so on. The fact that the S5L1 position is the most profitable indicates that 

the most important thing when it comes to profit is to short the most expensive forward and long the 

cheapest possible forward. It also indicates that more dividend exposure is more profitable. It should 

be noted however, that although profit appears to be higher for the mentioned positions and holding 

periods, volatility is also higher thus performance needs to be analyzed on a risk adjusted basis. Table 

11 summarizes the average returns and standard deviations both for total profits and profits per year. 

In addition, the risk adjusted performance is calculated. 
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  Total profit Profit per year  

Risk adj     

measure 

   

Mean 

Standard        

deviation 

 

Mean 

Standard        

deviation   

S5L4_1yr 22.53 18.56 22.53 18.56 1.21 

S5L3_1yr 46.06 33.91 46.06 33.91 1.36 

S5L2_1yr 69.02 45.65 69.02 45.65 1.51 

S5L1_1yr 87.95 54.53 87.95 54.53 1.61 

S4L3_1yr 23.48 15.56 23.48 15.56 1.51 

S4L2_1yr 46.64 27.82 46.64 27.82 1.68 

S4L1_1yr 65.26 38.16 65.26 38.16 1.71 

S3L2_1yr 23.07 13.12 23.07 13.12 1.76 

S3L1_1yr 41.95 25.87 41.95 25.87 1.62 

S2L1_1yr 17.45 14.77 17.45 14.77 1.18 

S5L4_2yr 47.03 13.33 23.52 6.66 3.53 

S5L3_2yr 94.46 25.33 47.23 12.67 3.73 

S5L2_2yr 135.47 38.13 67.74 19.07 3.55 

S4L3_2yr 47.20 13.33 23.60 6.66 3.54 

S4L2_2yr 89.00 28.20 44.50 14.10 3.16 

S3L2_2yr 40.34 16.40 20.17 8.20 2.46 

S5L4_3yr 69.82 14.10 23.27 4.70 4.95 

S5L3_3yr 134.34 28.27 44.78 9.42 4.75 

S4L3_3yr 63.12 16.78 21.04 5.59 3.76 

S5L4_4yr 86.20 15.85 21.55 3.96 5.44 

Table 11 – Mean, standard deviation and risk adjusted measure for long / short forward strategies 

The risk adjusted performance changes the conclusion we got from looking at profit. Looking at profit 

showed that S5L1 with a one-year holding period was the most profitable position, although it was 

also clear that volatility was high. Table 11 shows that the risk adjusted performance of 1.61 for this 

particular position is actually relatively low compared to other positions. In fact, all one-year holding 

period positions have lower risk adjusted performance than those with longer holding periods. When 

considering e.g. the S5L4 position, the largest increase in the risk adjusted performance comes from 

increasing the holding period from one to two years which increases the risk adjusted performance 

by 2.32 from 1.21 to 3.53. Increasing the holding period by one additional year only increases the 

risk adjusted performance by 1.42 to 4.95. Finally, increasing the holding period to four years in-

creases the risk adjusted performance by 0.49. The pattern is consistent as other positions also have 
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the largest increase in risk adjusted performance when increasing the holding period from one to two 

years. The increasing risk adjusted performance is primarily due to decreasing volatility. For example, 

for the S5L4 position, the standard deviation decreases from 18.56 to 6.66 when the holding period 

increases from one to two years. This is a significant reduction and causes the large increase in the 

risk adjusted performance. 

The risk adjusted performance forms a convincing argument regarding the holding period. All posi-

tions with a two-year holding period outperforms the positions with a one-year holding period and 

likewise for longer holding periods. The conclusion is clearly that longer holding periods are prefer-

able and especially a one-year holding period is not optimal. This conclusion is perfectly in accord-

ance with the conclusion from the dividend futures strategy. Overall, the optimal trade is on average 

to short a five-year forward and long a four-year forward and hold the position for four years. It is 

interesting as this trade has one of the lowest average profit per year however, the benefit from the 

low standard deviation compensates for this. 

Comparing the results in table 11 to table 9 regarding the short forward strategy with rolling index 

futures, it is interesting to notice that for any maturity of a short forward, there is a long / short forward 

strategy that outperforms the short forward strategy with rolling index futures. For example, the short 

five-year forward with rolling index futures has a risk adjusted performance of 5.14 and the S5L4 

position with a four-year holding period has a risk adjusted performance of 5.44. This indicates that 

although longer holding periods are more profitable at a risk adjusted basis, when looking at the long 

/ short forward strategy, the last year’s roll from year one to expiry, which is included in the short 

forward strategy with rolling index futures, is not profitable to include. Once again this indicates that 

the point on the dividend curve from year one to expiry does not provide an attractive carry roll. This 

conclusion is aligned with the findings from the dividend futures strategy. 

The comparison of the two different forward strategies also shows that the outperformance of the 

long / short forward strategy is due to lower volatility. The short forward strategy with rolling index 

futures generally has higher profit per year than the corresponding positions in the long / short forward 

strategy. However, this is compensated for by much lower volatility in the long / short forward strat-

egy.  

Generally, volatility is lower for positions where the gap between the maturity of the long and short 

forward is smaller. Looking at the long / short forward strategy with a five-year short forward and a 

one-year holding period, the standard deviation goes from 54.53 when going long a one-year forward 
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to 18.56 when going long a four-year forward. Thus, volatility decreases when maturities for the two 

forwards are close together.  

When comparing the results from the long / short forward strategy with the dividend futures strategy, 

we reach the same conclusion. In the dividend futures strategy, the best risk adjusted performance is 

obtained by buying the five-year contract and holding it for four years, which has a risk adjusted 

measure of 2.17. The equivalent long / short forward strategy is to short a five-year forward and long 

a four year forward with a four-year holding period, which creates exactly the same dividend expo-

sure. This is also the most profitable from a risk adjusted perspective with a risk adjusted measure of 

5.44. For the dividend futures strategy, the following best risk adjusted performance, that can be 

compared to the long / short forward strategy, is from the five- and four-year contract with a three-

year holding period. The equivalent long / short forward strategies are the S5L3_3yr and S4L3_3yr, 

which have the second and third best risk adjusted performance among the positions that can be di-

rectly compared to the dividend futures strategy. For both strategies risk adjusted performance de-

creases for shorter holding periods and a one-year holding period has significantly lower risk adjusted 

performance. The conclusion is that there appears to be much consistency between the dividend fu-

tures strategy and the long / short forward strategy. 

However, considering the one-year holding period in both strategies reveals some differences. As 

discussed for the dividend futures strategy, the one-year holding period gives some interesting in-

sights regarding which point on the dividend curve that gives the best carry roll. For the dividend 

futures strategy, this was obtained by rolling up the curve from year two to year one, which resulted 

in a risk adjusted performance of 0.94. For the long / short forward strategy, the best carry roll is 

obtained by rolling from year three to year two with a risk adjusted performance of 1.76. Thus, it is 

indicated that there are some differences between creating dividend exposure through dividend fu-

tures and forwards. As described in section 2.3 previous research has also found small inconsistencies 

between dividends in different instruments.  

The effect from hedging on the dividend curve is affected by the maturity of the hedging instruments. 

As described in section 4.2, volume in dividend futures is generally higher for the two-year contract 

which has significantly higher volume than any other contract. As the hypothesis is that a large part 

of dividend futures trading is due to hedging of structured products, the volume data indicates that a 

lot of the hedging using dividend futures is done in the two-year contracts. This would be a reason 

why this provides the best carry roll for the dividend futures strategy. Volume data for OTC forwards 
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is not available thus we cannot determine whether the same tendency is seen in forwards. It is possible 

that the most traded maturity for forwards differs from dividend futures which might slightly change 

the effect on the dividend curve. 

Although the relative performance between the different positions is aligned in the dividend futures 

strategy and the long / short forward strategy, the risk adjusted measure varies between the two strat-

egies. The best performing position in each strategy is exposure to the five-year dividends held for 

four years. This has a risk adjusted measure of 2.17 for the dividend futures strategy and 5.44 for the 

long / short forward strategy. Thus, the long / short forward strategy appears to outperform the divi-

dend futures strategy. In fact, the risk adjusted performance is consistently better for the long / short 

forward strategy for all comparable positions. 

There can be different explanations for this. One explanation is the repo exposure in the forward 

contract although it is difficult to determine the exact effect from this exposure. To estimate the im-

plied repo rate in the forward price we must assume a dividend yield e.g. from dividend futures. On 

the other hand, to estimate the implied dividend yield in the forward price we must assume a repo 

rate e.g. from total return swaps. Thus, it is difficult to separate the effect of the repo rate from the 

effect of the dividend yield as one must be assumed to derive the other. Appendix H shows the repo 

rate estimated from total return swaps on Euro Stoxx 50 and the corresponding implied dividend 

yield. It is clearly indicated that the dividend yield has the largest effect as the average dividend yield 

is 2.8% - 3.5% whereas the average repo rate is 0.3% - 0.6% for maturities of one to five years. Yet, 

there is some repo exposure in the forward which differentiates the forward exposure from dividend 

futures. 

The difference can also be due to the fact that we are considering OTC forwards. As the forwards are 

traded OTC there is no “true price” as for an exchange traded product. The price is likely to differ 

between different sources thus, the results dependent on the price source. Ideally the dividend price 

would be identical regardless of the instrument otherwise arbitrage opportunities exists. However, as 

liquidity for longer-maturity forwards is relatively low and the contracts are mostly traded OTC, the 

arbitrage pricing relation might not be perfectly satisfied. Some mispricing between the two instru-

ments is possible and could cause different performance for the two strategies analyzed. However, 

part of the explanation is likely to be that the forward positions in this strategy has risk exposures 

which are not yet accounted for. This will be addressed in section 7.2. 
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Key findings from the analysis of the long / short forward strategy 

The conclusion regarding the long / short forward strategy is that going long a one-year forward and 

having a one-year holding period maximizes profit however, risk adjusted performance is low. Longer 

holding periods increase the risk adjusted performance due to lower volatility. The long / short for-

ward strategy outperforms the short forward strategy with rolling index futures which indicates that 

the last year of carry roll until expiry is not attractive. The outperformance is due to lower volatility. 

The optimal position from a risk adjusted perspective is to short a five-year forward and long a four-

year forward with a four-year holding period. The corresponding dividend futures strategy is also the 

best performing among the dividend futures strategies which shows consistency between the different 

strategies. Yet there is an indication of differences in the dividend curve in the two instruments (div-

idend futures and synthetic forwards) as the optimal one-year point on the curve for carry roll differs. 

This might be due to different hedging behavior in the two instruments. The long / short forward 

strategy consistently outperforms the dividend futures strategy which might be due to elements in the 

forward regarding the repo rate, interest rate, illiquidity, etc. 

Key findings from the analysis of the hold-to-maturity approach 

The key findings from the analysis of the three different strategies are that longer maturity contracts 

and longer holding periods have the best risk adjusted performance. This is the case for both the 

dividend futures strategy, the short forward strategy with rolling index futures and the long / short 

forward strategy. The main driver for higher risk adjusted performance for longer holding periods is 

lower volatility. In the dividend futures strategy, the point on the dividend curve that provides the 

best risk adjusted carry roll is from year two to year one. This matches the maturity which has the 

highest volume and thus is assumed to be used more frequently for hedging. In the long / short forward 

strategy, the best one-year carry roll is from year three to year two revealing some differences between 

dividend futures and forwards although the two strategies generally have consistent results. Both in 

the dividend futures strategy and the long / short forward strategy, the optimal trade is to create ex-

posure to the five-year dividends and hold the position for four years. The analysis shows that the 

carry roll from the last year until expiry is not attractive. The feature of longer holding periods having 

better risk adjusted performance makes the strategy highly relevant for long term investors such as 

pension funds. Lastly the analysis shows that the two forward strategies convincingly outperform the 

dividend futures strategy and the long / short forward strategy outperforms the short forward strategy 

with rolling index futures. The second part of the analysis will be based on this strategy. 
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7.2. Analysis of the Mark-to-Market approach 

In the previous section, we found the long / short forward strategy to outperform the dividend futures 

strategy and the short forward with rolling index futures strategy. In the forthcoming analysis, we 

continue analyzing the performance of the long / short forward strategy however, we now include 

shorter holding periods and base the profit calculations on MtM. Recall, in this part of the analysis 

we are analyzing results both in return- and profit space as described in section 6. Thus, the term 

“return” refers to the return calculations based on ES as denominator whereas “profit” simply refers 

to the realized profit of the strategies.  

We refine the long / short forward strategies step by step by including hedging positions. Therefore, 

we also apply a certain terminology to be able to refer to the different strategies. We apply the same 

abbreviations to the strategies as applied earlier e.g. “S5L4” is the abbreviation for a strategy that are 

short a five-year forward and long a four-year forward. In addition to that, we extend the abbreviation 

with the letters “_FSB”, where “_F” is if the position only includes forwards, “_FS” if the position 

includes both forwards and interest rate swaps, and “_FSB” if the position includes both forwards, 

interest rate swaps and beta hedge.  

Forward exposure without hedging 

In the first section of the long / short forward strategies, we focus on the profitability and performance 

of the strategies, where the exposure is created only considering forward positions. The exposure is 

therefore similar to the long / short forward strategy in section 7.1 however, since we in this section 

do not include the profit from closing the positions, we cannot compare the results 1:1. 

We start out by examining the returns to understand the general behavior of the strategies. Table 12 

shows the average annualized return (Mean), annualized standard deviation (SD) and risk adjusted 

measure (Risk adj) in percent for each of the strategies. The risk adjusted measure is equivalent to the 

one used in previous sections. The column names in table 12 are the different strategies and the row 

names are the calculated parameters for each holding period. 
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Holding  

period S5L4_F S5L3_F S5L2_F S5L1_F S4L3_F S4L2_F S4L1_F S3L2_F S3L1_F S2L1_F 

1m - Mean 0.15 0.39 0.60 2.72 0.35 0.61 3.46 0.79 4.55 4.26 

1m - SD 7.20 8.16 7.42 6.31 7.06 7.33 5.67 4.59 3.91 2.05 

1m - Risk adj 0.02 0.05 0.08 0.43 0.05 0.08 0.61 0.17 1.16 2.08 

3m - Mean 0.39 0.45 0.61 1.61 0.52 0.68 1.89 0.64 2.25 2.00 

3m - SD 2.05 3.00 2.65 1.41 1.64 2.07 1.20 1.25 0.93 0.57 

3m - Risk adj 0.19 0.15 0.23 1.14 0.32 0.33 1.57 0.51 2.41 3.51 

6m - Mean 0.37 0.48 0.56 0.97 0.44 0.58 1.09 0.49 1.24 1.05 

6m - SD 0.67 0.80 0.75 0.55 0.63 0.66 0.47 0.49 0.39 0.31 

6m - Risk adj 0.55 0.60 0.75 1.76 0.69 0.87 2.31 1.01 3.20 3.36 

1y - Mean 0.29 0.37 0.41 0.44 0.33 0.41 0.46 0.34 0.45 0.27 

1y - SD 0.26 0.28 0.27 0.23 0.23 0.24 0.21 0.18 0.23 0.29 

1y - Risk adj 1.13 1.32 1.51 1.93 1.43 1.72 2.18 1.86 1.92 0.93 

2y - Mean 0.22 0.27 0.29   0.23 0.28   0.23     

2y - SD 0.09 0.10 0.11   0.10 0.11   0.10     

2y - Risk adj 2.50 2.64 2.76   2.30 2.67   2.36     

3y - Mean 0.17 0.21     0.18           

3y - SD 0.07 0.08     0.08           

3y - Risk adj 2.48 2.58     2.16           

4y - Mean 0.15                   

4y - SD 0.06                   

4y - Risk adj 2.41                   

Table 12 – Mean return, standard deviation and risk adjusted measure for forward exposure 

The first thing to notice is the magnitude of returns yielded by the strategies. If we start by evaluating 

the one-month holding period, we can observe returns ranging from 15% to 455%. Thus, there is 

evidently applied a significant amount of leverage in the strategies and by sweeping across the table, 

we find similar results for all holding periods. However, the high leverage is not unexpected as we 

already addressed this phenomenon in section 6.2. The highly leveraged returns are, on the other 

hand, also followed by large volatilities. On the one-month holding period, the magnitude of volatility 

is largest and is ranging from 205% to 816%. Both volatility and average return seem to decrease as 

the holding period increases. For example, on the two-year holding period, the volatility has dropped 

to level of approximately 10% for all strategies and similarly the average return has dropped to a level 

of approximately 25%. 

By evaluating the returns, we can find several interesting things. First, it is interesting that none of 

the strategies are yielding a negative average return. That means, throughout our whole sample period, 
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no combination of a long/short forward strategy has led to a negative return on average, regardless of 

the holding period considered. We can relate this finding to previous sections, where we found that 

dividend futures strategies and other short forward strategies were yielding positive returns on aver-

age. However, until now we have not been able to examine this on such a short holding period as the 

one-month holding period. This finding supports the existence of a generally downward sloping div-

idend term structure i.e. a general positive carry roll for maturities up to five years. Secondly, by 

observing the returns, a clear pattern emerges. It is on average most profitable to invest in strategies 

that are long in a one-year forward and furthermore, those strategies are most profitable with a one-

month holding period. Interestingly, the S3L1_F has the largest return, then the S2L1_F, the S4L1_F 

and ultimately the S5L1_F. Even though the S5L1_F strategy has the largest exposure to dividends 

among the mentioned strategies, it yields the lowest average return. Likewise, the S4L1_F has the 

second largest exposure to dividends and yields the second lowest average return. This pattern indi-

cates that a better carry roll is more important than a large dividend exposure and table 12 suggests 

that this optimum carry roll is found when having exposure to the two-year- and three-year dividends 

and having that exposure for one month. Intuitively, it also makes sense that it is more profitable to 

find the steepest part of the dividend curve and continuously roll that part of the curve instead of 

having a much larger exposure to dividends where parts of the curve do not provide an equally at-

tractive carry roll.  

So far, we have looked at the returns of the strategies. If we evaluate the volatilities of the strategies, 

we can also observe a clear pattern. In general, volatility is lower the shorter the horizon and also 

volatility is lower the longer the holding period. This naturally has a substantial impact on the risk 

adjusted measure of the strategies. In fact, the tendency that shorter horizons imply lower volatility 

leads to the S2L1_F strategy is outperforming the S3L1_F in terms of risk adjusted measure on the 

one-month holding period despite the lower return. The lower volatility for short horizons is not un-

expected as we can relate it to the findings in section 4.2, where we found that betas are low for short 

horizon strategies, hence the strategies are less affected by stock market fluctuations. That can be 

supported by table 12, where e.g. the volatility of the S2L1_F strategy is 205% compared to a vola-

tility of 720% for the S5L4_F strategy on a one-month holding period. Thus, the volatility of the short 

horizon strategy is only 30% of the long horizon strategy. This volatility pattern continuous up and 

until a holding period of one year.  

Studying the risk adjusted measures further, we find that it is the short horizon strategies with short 

holding periods or longer horizon strategies with long holding periods that are most profitable. The 
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short horizon strategies with short holding periods are characterized with a high mean, whereas the 

long horizon strategies with long holding periods are characterized with a low volatility. This support 

previous findings, where we in section 7.1 found that the primary driver behind the short horizon 

strategies was the significant carry roll (the two-year dividend exposure was best for dividend futures 

and the three-year dividend exposure was best for short forward strategies) and the primary driver 

behind the long horizon strategies was the low volatility.  

We find the best risk adjusted measure for the S2L1_F strategy. At the three-months holding period 

the risk adjusted measure is 3.51, which is almost 50% better than the next best performing strategy 

on that holding period, the S3L1_F. The S2L1_F strategy also yields the overall second-best risk 

adjusted measure on the six-months holding period with a measure of 3.36. Interestingly, the risk 

adjusted measure for this strategy drops significantly when increasing the holding period to one year. 

The main driver behind this is a significantly lowered mean. We have previously argued that the last 

year (from year one to zero) is unattractive in terms of carry roll due to the pull-to-par effect already 

has been materialized. However, we can from this analysis extend the argumentation to state that it 

is at least the last 1.5 years until maturity that seem unattractive.  

The performance of the S2L1_F is interesting and the superior risk adjusted measure could be due to 

a sweet spot on the dividend curve led by a strong pull-to-par effect combined with a lowered beta 

that decreases volatility. We argue that the dividend price on this particular part of the curve is rela-

tively more suppressed than other parts due to the massive trading on this horizon (see section 4.2). 

Simultaneously the pull-to-par effect is strong due to company guidance, increasing cash flow visi-

bility etc.   

So far, we have got an indication of the performance of the strategies compared to each other. We 

now analyze the performance to the benchmarks by applying the Sharpe ratio. Table 13 shows the 

average Sharpe ratio for each strategy and both benchmarks for all holding periods. The Sharpe ratios 

are annualized to make them comparable.  
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Strategy 1m 3m 6m 1y 2y 3y 4y 

S5L4_F 0.69 0.60 0.62 0.62 0.72 0.73 0.68 

S5L3_F 1.08 0.93 0.87 0.85 0.97 0.97  
S5L2_F 1.39 1.17 1.07 1.03 1.17   
S5L1_F 2.91 2.40 2.00 1.29    
S4L3_F 0.83 0.73 0.74 0.74 0.82 0.80  
S4L2_F 1.34 1.13 1.05 1.01 1.12   
S4L1_F 3.41 2.83 2.33 1.36    
S3L2_F 0.89 0.85 0.86 0.83 0.89   
S3L1_F 3.92 3.32 2.67 1.29    
S2L1_F 4.88 4.33 3.40 0.96    
SX5E 0.50 0.29 0.22 0.18 0.15 0.15 0.13 

SPX 1.59 1.13 0.92 0.88 0.78 0.72 0.68 

Table 13 – Average Sharpe ratios for forward exposure and benchmarks 

Table 13 shows that generally, the strategies are performing well compared to the two benchmarks. 

Screening across the table, we find outperformance for most of the strategies on every holding period. 

In fact, all strategies are outperforming the Euro Stoxx 50 benchmark for all holding periods. That 

essentially means that an investor is better compensated by investing in any of the strategies compared 

to investing in the Euro Stoxx 50 for any holding period in the analysis.  

This is an interesting finding as the Euro Stoxx 50 might be the most obvious benchmark to use as it 

functions as underlying asset for all the strategies. The overperformance to the S&P500 cannot be 

observed to the same extend as it has performed significantly better over the sample period. However, 

the best performing strategies in terms of returns, the S2L1_F, S3L1_F, S4L1_F and S5L1_F, are all 

outperforming the S&P500 on all possible holding periods (up and until a holding period of one year). 

The best Sharpe ratio is 4.88 and is found for the S2L1_F strategy with a one-month holding period. 

Even though the simple risk adjusted measure applied in table 12 and the Sharpe ratio is not exactly 

the same measure, it comes as no surprise that this strategy has the best Sharpe ratio since we already 

have seen indications from this strategy’s superior performance. In comparison, the Euro Stoxx 50 

and the S&P500 yields a Sharpe ratio of 0.50 and 1.59 respectively on a one-month holding period. 

Thus, the S2L1_F strategy is clearly outperforming both benchmarks.  

To examine the one-month Sharpe ratio performances further, we apply a one-year rolling Sharpe 

ratio to study the evolvement over time. Figure 36 shows the one-month Sharpe ratio for every strat-

egy and benchmark over time. 
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Figure 36 – One-year rolling Sharpe ratios for forward exposure with a one-month holding period 

Here we find, that the S2L1_F strategy, not only on average, but throughout the entire period has had 

the best Sharpe ratio as no other strategy or benchmark has been above the dashed line marking the 

S2L1_F strategy. This is interesting as there potentially could have been certain market conditions 

etc. affecting this outperformance during the sample period but it is not the case. This means that the 

strategy consequently has been the best over the ten years in terms of Sharpe ratio. Also, it is inter-

esting to examine the performance of this strategy during severe market fluctuations. Towards the 

end of 2018 a large drawdown in the index occurred. It is notable that the drop in Sharpe ratio for this 

strategy is minor compared to any other strategy or benchmark, thus this is evidently supporting the 

earlier argumentation of a relatively low beta implying a relatively low volatility. 

The benchmarks, marked by the solid lines, are underperforming several of the strategies. The best 

performing strategies that significantly outperform both benchmarks in terms of Sharpe ratios are 

again the S2L1_F, S3L1_F, S4L1_F and S5L1_F in that order. Studying the evolvement over time 

for these four strategies, we can see an increasing Sharpe ratio. Simply by eyeballing the plot, one 

can imagine an increasing tendency line which is unique to those four strategies. Therefore, it seems 

those strategies improve over time suggesting the strategies are more profitable today than in the 

beginning of the sample period. This is not the case for any of the benchmarks. 

We can now evaluate the performance of the strategies with our risk scaled profit approach. Figure 

37 shows the scaled accumulated profits for all strategies and benchmarks with a holding period of 
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one month. If we start by ranking the different strategies in terms of highest accumulated profit, it is 

clear that the best performing strategies are the S2L1_F, S3L1_F, S4L1_F and S5L1_F. Over the 

entire sample period, they accumulate a scaled profit of € 26,000, € 23,300, € 18,900 and € 16,200, 

respectively. That is significantly above both benchmarks, where the best performing benchmark is 

the S&P500. The S&P500 accumulates a scaled profit of € 4,600, which is actually the third lowest 

of all. That finding differs from the results we found in table 13, where the S&P500 had the fifth best 

Sharpe ratio. The Euro Stoxx 50 benchmark accumulates a scaled profit of only € 900, which is 25% 

of the worst performing strategy. That means any of the strategies have an accumulated profit signif-

icantly above that of the underlying asset.  

 

Figure 37 – Accumulated scaled profits from forward exposure with a one-month holding period 

The one-month holding period is interesting as it is where we find our best performing strategy in 

terms of Sharpe ratios and scaled profits. However, by evaluating the one-year holding period, other 

interesting findings can be shown. Figure 38 illustrates, that when the holding period is increased to 

one year, the S2L1_F strategy is no longer the most profitable strategy but now fourth. We already 

saw from table 12 that the carry roll did not seem attractive for dividend exposure that close to ma-

turity and also table 13 showed a significantly decreased Sharpe ratio. The result is that the strategy 

materializes a scaled profit of € 7,900 which is less than one third of the profit from the one-month 

holding period.  
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On the other hand, figure 38 shows, that the general performance to the benchmarks improve. In fact, 

all of the strategies are now outperforming both benchmarks. This was not the case on the one-month 

holding period. The S5L4_F, which was the worst performing strategy on the one-month holding 

period, benefits the most from the longer holding period. The better performance is due to the fact 

that it is able to roll further up the dividend curve before rebalancing the position. The difference in 

accumulated profits for this strategy between the one-year holding period and the one-month holding 

period is approximately € 1,500, which corresponds to an increase of 40%. 

Even though the number of strategies that outperform both benchmarks increase, the overall level of 

accumulated scaled profits decrease. The best performing strategy on the one-year holding period is 

the S3L1_F strategy. This strategy accumulates a scaled profit of € 9,600 over the entire period, which 

is a decrease of more than 60% in profits compared to the S2L1_F strategy with the one-month hold-

ing period. Since we are interested in the overall best performing strategy and not the largest amount 

of strategies that outperform the benchmarks, the best risk adjusted performance is naturally found 

for the one-month holding period and in particular the S2L1_F strategy.  

  

Figure 38 – Accumulated scaled profits from forward exposure with a one-year holding period 

Key findings from the analysis of forward exposure without hedging 

This section has provided us with knowledge about how an optimal dividend exposure created by a 

long / short unhedged forward position should be obtained. We have seen various strategies outper-

form the chosen benchmarks both in terms of Sharpe ratio and scaled profits, however, the dominant 
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strategy has been a short two-year - / long one-year forward with a holding period of one month. We 

have clear indications that this particular position yields the most optimal dividend exposure by ex-

ploiting a strong pull-to-par effect that leads to a profitable carry roll combined with a low beta im-

plying a lowered volatility compared to other profitable strategies. 

Forward exposure with interest rate hedge 

This section continues to consider the long / short forward strategies but now the analysis includes an 

interest rate hedge with the aim to eliminate the interest rate risk from the forward positions.  

Table 14 shows the average annualized return (Mean), standard deviation (SD) and risk adjusted 

measure (Risk adj) in percent for each of the strategies.   

Holding  

period 

S5L4 

_FS 

S5L3 

_FS 

S5L2 

_FS 

S5L1 

_FS 

S4L3 

_FS 

S4L2 

_FS 

S4L1 

_FS 

S3L2 

_FS 

S3L1 

_FS 

S2L1 

_FS 

1m - Mean -0.61 -0.80 -0.56 2.21 -0.46 -0.41 3.04 -0.03 4.04 4.17 

1m - SD 6.01 7.91 8.25 7.16 6.93 7.16 6.13 4.41 4.01 2.16 

1m - Risk adj -0.10 -0.10 -0.07 0.31 -0.07 -0.06 0.50 -0.01 1.01 1.93 

3m - Mean -0.05 -0.13 -0.02 1.29 0.03 0.09 1.67 0.20 2.01 1.96 

3m - SD 1.46 2.38 2.59 1.56 1.45 2.01 1.31 1.22 1.01 0.65 

3m - Risk adj -0.04 -0.05 -0.01 0.83 0.02 0.05 1.28 0.16 1.99 3.02 

6m - Mean -0.02 -0.02 0.08 0.70 0.05 0.13 0.89 0.17 1.06 1.00 

6m - SD 0.73 1.03 1.01 0.73 0.65 0.84 0.64 0.52 0.55 0.39 

6m - Risk adj -0.02 -0.02 0.08 0.96 0.08 0.16 1.40 0.33 1.93 2.54 

1y - Mean 0.03 0.06 0.12 0.20 0.08 0.15 0.25 0.14 0.26 0.19 

1y - SD 0.29 0.35 0.37 0.42 0.26 0.32 0.42 0.24 0.45 0.38 

1y - Risk adj 0.11 0.19 0.33 0.47 0.32 0.47 0.58 0.60 0.59 0.50 

2y - Mean 0.04 0.07 0.11   0.07 0.13   0.12     

2y - SD 0.13 0.17 0.19   0.13 0.17   0.14     

2y - Risk adj 0.31 0.42 0.61   0.56 0.74   0.83     

3y - Mean 0.05 0.07     0.07           

3y - SD 0.09 0.11     0.09           

3y - Risk adj 0.52 0.66     0.77           

4y - Mean 0.05                   

4y - SD 0.07                   

4y - Risk adj 0.68                   

Table 14 – Mean return, standard deviation and risk adjusted measure for forward and swap 

From table 14 we can immediately see the impact from the interest rate hedge on the strategies. In 

examining the returns, several of the strategies now yield negative average returns and in particular 

those strategies with a long horizon exposure. In fact, all strategies that are not long the one-year 
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forward have a negative average return for the one-month holding period. For example, strategies 

with a five-year horizon must be held for at least one year to obtain positive average returns, except 

for the S5L1_FS strategy.  

Relating the findings from table 14 to table 12, the entire portfolio of strategies has experienced a 

decrease in the average return. The strategies that are affected the most are the long horizon strategies. 

Simultaneously, we can observe an increase in volatility for many strategies. On average, the only 

holding period which has not experienced an increase in volatility is the three-months holding period, 

where the average volatility has decreased by approximately 10%-points. The decrease in average 

return and increase in average volatility has had a twofold negative impact on the risk adjusted 

measures and we do not observe an improvement in risk adjusted measure for any of the strategies. 

Even though the interest rate hedge evidently has had a negative impact on the performance of the 

strategies, we still observe the same return patterns as in table 12. First, it is still most profitable to 

go long a one-year forward and second, within those strategies that are long a one-year forward, it is 

still most profitable to have the optimal exposure in terms of carry roll and not the largest exposure.  

The effect from the interest rate hedge is a combination of several things. The interest rate hedge has 

the largest impact on the long horizon strategies. This comes as no surprise. Without the interest rate 

hedge, the strategies are essentially short the interest rate in the period between the maturity of the 

short forward and the maturity of the long forward. For example, if we evaluate the S5L3_F strategy, 

it is short the interest rate between year three and year five. The interest rates have decreased through-

out our sample period (see appendix I) meaning this strategy has benefitted from being short the 

interest rates. Essentially this also means that parts of the profitability from the strategies in the pre-

vious section stemmed from the interest rate. When we apply the interest rate hedge, we initially 

eliminate the short position in the interest rates from the forwards and thereby also a fraction of the 

return. 

However, as we do not rebalance our interest rate hedge, falling interest rates also lead to a net long 

exposure to interest rates. This is because the interest rate sensitivity in the hedging position increases 

as interest rates drop, which is not matched in the forward. It is not matched in the forward because 

the hedge is exposed to other interest rates than the forward (which is only exposed to the interest rate 

matching its maturity) due to the semiannual payments in the interest rate swap (for further descrip-

tion see appendix B). When the interest rates continue to decrease the losses increase and this impact 

is greater the longer the horizon due to larger interest rate sensitivity.  
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However, the magnitude of losses due to this also depends on the maturity of the long forward in the 

strategy. The interest rate risk in the long forward is also hedged but with the opposite hedge com-

pared to the hedge of the short forward. That means the two hedging positions actually offset each 

other partly but only to the extent of the maturity of the long forward. That means for example, that 

the offsetting effect is better in an S5L4_FS strategy compared to an S5L3_FS strategy (assuming 

equally large notionals on the swaps). Therefore, we also observe from table 14 that the S5L4_FS has 

a smaller loss compared to the S5L3_FS if the results are compared with and without the hedge. 

Interestingly, the S5L1_FS does not drop as much in return as one would expect from the argumen-

tation above. This can be explained by the sizing of the notional for the hedge, where this strategy 

has a relatively large notional on the swap hedging the long forward, which is short the interest rates, 

hence benefits from the decreasing interest rates.  

The returns from the shortest horizon strategy, the S2L1_FS, is not affected by the interest rate hedge 

to the same degree as the longer horizon strategies are. The largest drop for this strategy is 9%-points, 

which is seen on the one-month holding period. This is low compared to any other strategy. The small 

effect can be explained by the relation between interest rate sensitivity and horizon. Generally, the 

longer the horizon, the higher the interest rate sensitivity and therefore it is expected that the shortest 

horizon strategy has the lowest negative impact. The interest rate hedge has led the S2L1_FS strategy 

to having the best overall return of 417% on the one-month holding period where, without the hedge, 

the best overall return was found by the S3L1_F strategy for the same holding period.  

We can now examine the performance of the strategies to the benchmarks by observing the Sharpe 

ratios. Table 15 shows the average Sharpe ratio for all strategies and benchmarks for each holding 

period. 
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Strategy 1m 3m 6m 1y 2y 3y 4y 

S5L4_FS 0.15 0.08 0.01 0.06 0.09 0.07 0.03 

S5L3_FS 0.32 0.21 0.14 0.16 0.19 0.16  
S5L2_FS 0.67 0.45 0.32 0.30 0.32   
S5L1_FS 2.78 2.13 1.50 0.48    
S4L3_FS 0.23 0.20 0.13 0.16 0.17 0.15  
S4L2_FS 0.63 0.45 0.34 0.32 0.35   
S4L1_FS 3.28 2.61 1.88 0.56    
S3L2_FS 0.40 0.34 0.29 0.26 0.30   
S3L1_FS 3.85 3.15 2.31 0.56    
S2L1_FS 4.68 4.17 3.15 0.44    
SX5E 0.50 0.29 0.22 0.18 0.15 0.15 0.13 

SPX 1.59 1.13 0.92 0.88 0.78 0.72 0.68 

Table 15 – Average Sharpe ratios for forward and swap and benchmarks 

We can initially conclude that Sharpe ratios generally have decreased for the strategies. This comes 

as no surprise as we already saw indications from this in table 14. Comparing the Sharpe ratios to the 

ones in table 13, every strategy have experienced a decreased Sharpe ratio for all holding periods. 

The most negative impact has been on the S5L2_FS strategy where the Sharpe ratio has decreased by 

0.76 on average. The strategy experiencing the lightest impact is the S2L1_FS where the Sharpe ratio 

has decreased by 0.28 on average. The strategy experiencing the hardest and the lightest impact cor-

responds well to the properties of the interest rate hedge and -exposure, as explained before.  

Table 15 shows, that the best Sharpe ratio is still found for the S2L1_FS strategy with a one-month 

holding period. Interestingly, the Euro Stoxx 50 index is no longer the worst performing investment 

but now outperforms strategies such as the S5L4_FS and S5L3_FS. Those were also among the strat-

egies that experienced the largest negative impact in returns.  

To continue examining the risk adjusted performance, figure 39 shows the evolvement of Sharpe 

ratios over time for strategies and benchmarks with a one-month holding period.  
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Figure 39 – One-year rolling Sharpe ratios for forward and swap with a one-month holding period 

The dominance in Sharpe ratios of the strategies S2L1_FS, S3L1_FS, S4L1_FS and S5L1_FS is still 

clearly illustrated. None of the benchmarks are over time close to perform as well as those strategies, 

except from the S&P500 in the very beginning of the sample period. Interestingly, the worst perform-

ing strategies are no longer bouncing on the horizontal line of zero as they did in figure 36, but now 

they lie more or less flat, especially for the first five years of the sample period. Clearly, they have 

experienced a decrease in returns of which they have not been compensated for by the volatility. We 

can also observe that the spread between the best performing strategies is getting narrower and in 

particular from the end of 2016. This was also the first time we experienced negative interest rates. 

In the period after, especially the long-term interest rates bounced back (see appendix I), which had 

a positive impact on the long horizon strategies, closing the gap to the short horizon strategies. The 

positive impact arises from the reverse argumentation of the interest rate hedge described earlier.  

To support the findings from the Sharpe ratio analysis, we can turn to our other performance meas-

urement approach, the risk scaled profits. Again, evaluating on the one-month holding period, we 

find superior performance for the S2L1_FS strategy, yielding an accumulated profit of € 25,000 

throughout the entire period. This is approximately € 5,000 more than the next best strategy, the 

S3L1_FS. Comparing the results to figure 37, the level of the profit for the S2L1_F strategy has 
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decreased by € 1,000, which is the smallest drop compared to any other strategy. Even though the 

overall profit level has decreased, we still find the strategies going long in a one-year forward clearly 

dominating both benchmarks.  

  

Figure 40 – Accumulated scaled profits from forward and swap with a one-month holding period 

Perhaps more interesting is to examine the one-year holding period. Figure 41 shows the scaled profits 

from strategies and benchmarks with a holding period of one year. For this holding period, none of 

the strategies are outperforming the benchmark of S&P500. From mid-2019 the S&P500 starts to 

surpass the best performing strategy, the S2L1_FS, in scaled accumulated profits. The year of 2019 

was characterized by bullish markets and in particular the S&P500 was bullish, which can explain 

the significant increase in the benchmark profits. The reason why the S2L1_FS strategy does not 

increase equivalently is a combination of a low beta in the strategy and that the Euro Stoxx 50 was 

not as bullish as the S&P500. As figure 41 illustrates, the underperformance of the S2L1_FS strategy 

to the S&P500 benchmark is narrow and the one-year holding period is also the breakthrough of the 

benchmark S&P500. From the one-month holding period up and until the six-months holding period, 

strategies that are long a one-year forward are outperforming both benchmarks. This can be seen in 

appendix K. 
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Figure 41 – Accumulated scaled profits from forward and swap with a one-year holding period 

Key findings from the analysis of forward exposure with interest rate hedge 

This section has provided information on how the optimal dividend exposure should be created with 

the use of long/short forwards where an interest rate hedge has been applied to hedge off the interest 

rate risk from the forward positions. In comparison with the previous strategies without hedging, it is 

still the S2L1 strategy that are most profitable. However, the impact from the interest rate hedge has 

been noticeable. The Sharpe ratio of the S2L1 strategy has decreased a little compared to without the 

hedge, which is due to a decreased average return and higher volatility. In terms of risk scaled profits, 

the accumulated profit is still superior to other strategies and benchmarks but this risk adjusted per-

formance has also decreased compared to without the hedge.  

However, the negative impact on the short-horizon strategies is negligible compared to long-horizon 

strategies. The section has shown, that the application of the interest rate hedge has had a significant 

negative effect on long-horizon strategies. The explanation shall be found in a relatively larger interest 

rate sensitivity for long horizons. This also means, that parts of the strategy profits gained in the 

previous section stemmed from a combination of a short position in interest rates and decreasing 

interest rates. This effect was largest for long-horizon strategies. 
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The section also revealed that with this particular interest rate hedge applied, none of the strategies 

outperformed the S&P500 benchmark for holding periods beyond six months. That is contrary to the 

findings from the previous section where some strategies outperformed the benchmark for any hold-

ing period up and until four years.  

Forward exposure with interest rate- and beta hedge 

In this section, we conclude the refinement of the strategies by introducing a beta hedge on top of the 

interest rate hedged strategies. The aim is to only have exposure to the dynamics in the dividend 

market and eliminate stock market risk.  

We can from table 16 evaluate the average return, mean and risk adjusted measure for all strategies 

to get an indication of the impact from the beta hedge compared to the previous section.  

Holding period 

S5L4 

_FSB 

S5L3 

_FSB 

S5L2 

_FSB 

S5L1 

_FSB 

S4L3 

_FSB 

S4L2 

_FSB 

S4L1 

_FSB 

S3L2 

_FSB 

S3L1 

_FSB 

S2L1 

_FSB 

1m - Mean -1.04 -1.22 -1.08 2.26 -0.72 -0.68 3.32 -0.11 4.20 4.14 

1m - SD 6.06 7.83 8.71 6.49 6.09 6.86 5.74 4.16 3.45 2.07 

1m - Risk adj -0.17 -0.16 -0.12 0.35 -0.12 -0.10 0.58 -0.03 1.22 1.99 

3m - Mean -0.27 -0.36 -0.19 1.30 -0.11 -0.04 1.73 0.15 2.03 1.93 

3m - SD 1.37 1.81 2.09 1.45 1.07 1.70 1.27 1.06 0.94 0.64 

3m - Risk adj -0.20 -0.20 -0.09 0.90 -0.10 -0.02 1.36 0.14 2.17 3.01 

6m - Mean -0.21 -0.25 -0.14 0.65 -0.10 -0.01 0.90 0.12 1.05 0.98 

6m - SD 0.78 0.96 1.25 0.74 0.59 0.83 0.73 0.52 0.57 0.41 

6m - Risk adj -0.27 -0.26 -0.11 0.88 -0.17 -0.01 1.24 0.23 1.86 2.39 

1y - Mean -0.11 -0.13 -0.03 0.10 -0.04 0.04 0.19 0.10 0.23 0.16 

1y - SD 0.29 0.39 0.43 0.49 0.24 0.36 0.56 0.26 0.49 0.39 

1y - Risk adj -0.39 -0.33 -0.07 0.21 -0.17 0.12 0.34 0.38 0.46 0.41 

2y - Mean -0.07 -0.06 0.02 
 

0.00 0.07 
 

0.09 
  

2y - SD 0.13 0.17 0.19 
 

0.11 0.17 
 

0.15 
  

2y - Risk adj -0.52 -0.33 0.12 
 

-0.02 0.42 
 

0.61 
  

3y - Mean -0.04 -0.02 
  

0.02 
     

3y - SD 0.10 0.12 
  

0.08 
     

3y - Risk adj -0.37 -0.15 
  

0.20 
     

4y - Mean -0.02 
         

4y - SD 0.08 
         

4y - Risk adj -0.19                   

Table 16 – Mean return, standard deviation and risk adjusted measure for forward, swap & beta 

The first thing to notice from table 16 is that the implementation of the beta hedge has had a negative 

impact on the returns for most of the strategies. For almost every strategy, there is a decreased mean 
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compared to that of the previous section regardless of the holding period considered. The four- and 

five-year horizon strategies have had a decrease in average returns in the range of 20%-points to 50%-

points up and until a holding period of one year compared to that of the previous section. That is 

except the strategies containing a long one-year forward. Those strategies have had a slight increase 

in the average return by approximately 10%-points for a holding period of one month however this 

overperformance decreases as the holding period increases. The change in volatilities are negligible 

for the majority of the strategies. Therefore, the combination of a generally lowered average return 

and an unchanged volatility has led to decreased risk adjusted measures for most of the strategies. 

It is obvious to see that the implementation of the beta hedge has had a negative impact. Relating the 

results to previous sections, we can deduct, that parts of the positive returns from previous sections 

stemmed from the beta of the dividends. The beta of dividends for all of the examined horizons are 

positive and the Euro Stoxx 50 index has been primarily bullish the last ten years. Except for a large 

downfall in mid-2011 caused by the European sovereign debt crisis, the index has since yielded an 

annualized return of 7.3%. Therefore, the positive trends in the index has had a positive impact on 

the return of our strategies due to the beta of dividends. That is even though the beta of dividends in 

bullish markets are not as significant as in bearish markets as described in section 4.2. As our beta 

hedge essentially is a short position in the index, it is obvious that the hedge has had a negative impact 

on the returns of the strategies compared to without the hedge.  

We can now examine how the performance of the strategies to the benchmarks has been by observing 

the Sharpe ratios. Table 17 shows the average Sharpe ratio for all strategies and benchmarks for each 

holding period. We can again conclude that the best Sharpe ratio is found for the S2L1_FSB strategy 

with a one-month holding period. This strategy has improved its Sharpe ratio by 0.05 compared to 

without the beta hedge, which is due to a lowered volatility. The strategy has also improved its Sharpe 

ratio by 0.05 on the three-months holding period however, for any other strategy the Sharpe ratio has 

decreased with the introduction of the beta hedge. The aim with the beta hedge was of course to 

achieve a better risk adjusted performance and we do also observe relatively lowered volatilities for 

holding periods from six months and up. However, the mean has decreased relatively more than the 

volatility, which is why we observe decreased Sharpe ratios for most of the strategies in comparison 

with only the interest rate hedge applied.  
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Strategy 1m 3m 6m 1y 2y 3y 4y 

S5L4_FSB 0.03 -0.07 -0.15 -0.11 -0.08 -0.09 -0.10 

S5L3_FSB 0.07 -0.06 -0.10 -0.06 -0.02 -0.03  
S5L2_FSB 0.30 0.14 0.06 0.07 0.11   
S5L1_FSB 2.41 1.89 1.28 0.20    
S4L3_FSB 0.09 0.03 -0.05 -0.01 0.03 0.03  
S4L2_FSB 0.34 0.22 0.13 0.13 0.18   
S4L1_FSB 3.09 2.52 1.78 0.35    
S3L2_FSB 0.28 0.23 0.17 0.15 0.20   
S3L1_FSB 3.76 3.12 2.26 0.41    
S2L1_FSB 4.73 4.22 3.13 0.32    
SX5E 0.50 0.29 0.22 0.18 0.15 0.15 0.13 

SPX 1.59 1.13 0.92 0.88 0.78 0.72 0.68 

Table 17 – Average Sharpe ratios for forward, swap & beta and benchmarks 

Interestingly, the Euro Stoxx 50 has also become the sixth best performing investment in terms of 

Sharpe ratio on the one-month holding period where it is only outperformed by the S2L1_FSB, 

S3L1_FSB, S4L1_FSB, S5L1_FSB and the S&P500. Not only is the Euro Stoxx 50 index outper-

forming all strategies that are not going long in a one-year forward, we also observe the first negative 

average Sharpe ratios. The S5L4_FSB is on average yielding negative Sharpe ratios on a one-month 

holding period. It is not surprising, that this strategy, in particular, is the first strategy to yield a neg-

ative Sharpe ratio, since it has a high beta, narrow dividend exposure and is long the most expensive 

forward. 

We can examine the Sharpe ratios of the one-month holding period further by studying the evolve-

ment over time. Figure 42 shows the one-month holding period Sharpe ratio for all strategies and 

benchmarks throughout the sample period.  
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Figure 42 – One-year rolling Sharpe ratios for forward, swap & beta with one-month holding period 

By comparing figure 42 and figure 39, the effect from the beta hedge is clear. It is explicit from figure 

42 that the stock related movement in Sharpe ratios has decreased and in particular on the strategies 

with a long horizon exposure. For example, the S5L1_FSB strategy drops during the stock market 

drawdown in 2018 from around 4 to 2, whereas the same strategy but without the beta hedge, drops 

in the same period from 4 to 1.5. Similarly, during the bullish market in 2019, the S5L1_FSB Sharpe 

ratio does not increase to the same extend as the S5L1_FS. The same tendencies can be observed for 

the worst performing strategies, where the Sharpe ratios do not react as explicit to the stock market 

movements as before. As expected, the difference in Sharpe ratios between with and without the beta 

hedge for short-term horizon strategies is minor due to the low beta exposure on those types of strat-

egies.  

If we evaluate the risk adjusted measure from the perspective of scaled profits, we can observe similar 

patterns however with minor adjustments. Figure 43 shows that the Euro Stoxx 50, on an accumulated 

basis, does not outperform the same strategies as in table 17 but instead is amongst the worst per-

forming investments. The index accumulates a scaled profit of approximately € 900 over the ten years, 

whereas strategies such as the S4L2_FSB and S3L2_FSB are accumulating profits of approximately 

€ 1,300 and € 1,500, respectively. For comparison, the best performing strategies, the S2L1_FSB and 

S3L1_FSB are accumulating profits of € 24,000 and € 18,000, respectively.  
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Figure 43 – Accumulated scaled profits from forward, swap & beta with a one-month holding period 

In the previous section, we could observe the S&P500 outperform the strategies for the first time with 

a one-year holding period. We can in figure 44 examine how the performances have evolved when 

the beta hedge is included.  

 

Figure 44 – Accumulated scaled profits from forward, swap & beta with a one-year holding period 

Figure 44 shows that with a holding period of one year, the worst performing strategies such as the 

S5L4_FSB and S5L3_FSB have become even worse. However, it comes as no surprise, since they 
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have previously benefitted significantly from increasing markets and high betas. The level of differ-

ence in performances between with and without the beta hedge has naturally been largest for the long 

horizon strategies. By comparing figure 44 and figure 41 it can also be seen that the curvature of 

scaled profits in general flattens for the strategies, however the most for those with a long horizon. 

This can be related to the fact that those strategies entail the largest beta, hence an elimination of this 

beta will imply lesser fluctuations caused by the market movements. Since the best performing strat-

egy, the S2L1_FSB, is a short-horizon strategy and thus entails a low beta, the level of the profit has 

not changed significantly compared to that of the previous section. Therefore, the underperformance 

to the S&P500 can still be observed on this one-year holding period.  

Key findings from the analysis of forward exposure with interest rate- and beta hedge 

This section ends the refinement of our long / short forward strategies. We have in this section exam-

ined how to create the optimal dividend exposure with long / short forwards including an interest rate 

hedge and a beta hedge. Compared to the previous section, it is still the S2L1 strategy with the one-

month holding period that is the most profitable in terms of risk adjusted returns. The Sharpe ratio of 

the strategy is superior compared to that of the benchmarks and furthermore, the strategy has experi-

enced a slight increase in Sharpe ratio compared to that of the previous section. This improvement 

stems from a relatively larger decrease in volatility compared to average return. Although, the Sharpe 

ratio does not reach the level from the forward exposure without hedging.  

In terms of risk scaled profits, the highest accumulated profit is still obtained by the S2L1 strategy 

with the one-month holding period. Although the level of scaled profits has decreased slightly, it is 

minor compared to other strategies due to the strategy’s low beta. That means it is still clearly out-

performing both benchmarks.  

The impact from the beta hedge is small for short-horizon strategies but large for long-horizon strat-

egies. For the first time, we observe negative average Sharpe ratios. This only occurs for long-horizon 

strategies. Generally, the introduction of the beta hedge leads to a decrease in volatility. This is also 

the case for long-horizon strategies. However, due to the high beta of long-horizon strategies, the 

effect from the beta hedge on the average return is more than offsetting the decrease in volatility 

leading to negative Sharpe ratios and negative risk scaled profits.  
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Key findings from the analysis of the Mark-to-Market approach 

In our analysis of the Mark-to-Market approach we find that the optimal trading strategy is to short a 

two-year forward and go long a one-year forward with a holding period of one month. This and sev-

eral other of our strategies outperform our two benchmarks both in relation to Sharpe ratio and scaled 

profits. We argue that the attractiveness of this particular strategy is due to a strong pull-to-par effect 

that leads to a profitable carry roll and a low beta implying lowered volatility. 

We find that adding an interest rate hedge to the strategy significantly reduces the profitability and 

performance compared to benchmarks. Thus, part of the profitability from the forward exposure is 

due to interest rate exposure which has been favorable in our data period. Especially the long-horizon 

strategies are affected negatively by the interest rate hedge due to higher interest rate sensitivity for 

those strategies. The short-horizon strategies are less affected by the interest rate hedge and the opti-

mal trading strategy is unchanged when an interest rate hedge is added, although the performance of 

this strategy has been reduced. When adding an interest rate hedge none of our strategies outperform 

the S&P500 in terms of scaled profits when the holding period exceeds six months. 

Considering the long / short forward strategy with both an interest rate- and beta hedge we find that 

volatility decreases as projected however, especially for longer horizons the average return also de-

creases causing a net negative impact from the beta hedge on those strategies. 

For the strategy consisting of a two-year short forward and a one-year long forward with a one-month 

holding period the Sharpe ratio has increased due to a larger decrease in volatility than in average 

return. This strategy still outperforms both benchmarks. If risk adjusted performance is instead meas-

ured by scaled profits the performance for this strategy has slightly decreased although it still outper-

forms both benchmarks. The beta hedge affects the long horizon strategies the most as these strategies 

have higher betas. For some of the strategies with the longest horizons this causes negative Sharpe 

ratios on average. Shorter horizons are less affected and our optimal strategy is unchanged. 

One of the purposes of the second part of our analysis was to challenge the long-term perspective 

from the first part of our analysis. In fact, introducing shorter holding periods shows that the optimal 

strategy has a holding period of one month. From this it is indicated that a dividend trading strategy 

does not necessarily require a long investment horizon. 
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7.3. Trading costs 

In the analysis above we see some very high profits for some of our strategies compared to our bench-

marks. This is especially true for short holding periods as for example the S2L1 strategy with a one-

month holding period has an accumulated profit of approximately € 25.000 throughout the period of 

ten years. This is a significant outperformance compared to the two benchmarks which have accumu-

lated profits of approximately € 1.000 and € 5.000 for Euro Stoxx 50 and S&P500 respectively. How-

ever, as already mentioned there are some implications of this comparison as profit is calculated 

without considering trading costs. This especially benefits our strategies in the comparison as these 

are frequently traded with a one-month holding period whereas the benchmarks are only traded once 

thus does not benefit significantly from ignoring trading costs. 

The market is rather illiquid which is associated with relatively high trading costs. As our data is 

quoted OTC prices, we cannot observe trading costs in the form of bid-ask spreads as for listed op-

tions with traded prices. This makes it very difficult to get an estimate of trading costs. As we do not 

have any data available regarding trading costs related to the OTC price data, we turn to listed options 

to get a rough indication of the level of trading costs. There are several implications related to this 

therefore the data is considered a cautious estimate which we cannot draw any final conclusions from. 

Listed options do not trade much with long maturities. Thus, the longest maturity where we can ob-

serve bid-ask spreads is 1.5 years. Maturities beyond that have very large bid-ask spreads or none at 

all due to the fact that they are simply not traded. Considering listed Euro Stoxx 50 option prices as 

of May 4, 2020, ATMF options with a one-year maturity trade with a bid-ask spread of approximately 

€ 6 or approximately 2.6% of the premium (mid-price). Thus, our proxy for the bid-ask spread is 

2.6% of our premium on any given day. As premiums are higher for longer maturities this leads to 

higher trading costs for longer maturities. It can be argued that longer maturities would have relatively 

higher trading costs as they are less liquid. On the other hand, OTC options trade more than listed 

options and as our hypothesis is that banks want to sell off the exposure, we might be able to obtain 

better prices than indicated by illiquid listed options. Thus, there are arguments both for and against 

higher trading costs and since this is based on speculation, we turn to the observed spread as our only 

concrete proxy. 

In our strategies, we pay the entire spread as we both buy and sell an option in each synthetic forward. 

In addition, our strategy consists of two synthetic forwards meaning that we pay the entire spread for 

two different maturities. Due to the high degree of uncertainty in our estimate, we do not implement 



Page 110 of 120 

 

trading costs directly to our strategy in our analysis. However, in the following we provide a cautious 

indication of the effects from trading costs on the performance of our strategies considering the ac-

cumulated scaled profits. Figure 45 shows the total accumulated profit after estimated trading costs 

for each strategy and holding period. Benchmarks are indicated by the horizontal dashed lines. The 

figure illustrates profits from forward exposure without hedging. Figures including the hedging posi-

tions are shown in appendix L. 

 

Figure 45 – Profits after estimated trading costs for forward exposure without hedging 

Due to the uncertainty of our estimated trading costs we do not emphasize the exact amount of profits 

after trading costs but rather consider the change in the pattern of profitability for different holding 

periods. As indicated by figure 45, the strategies with a one-month holding period is highly affected 

by trading costs. The short holding period requires a lot of trading and the high profits seen from 

these strategies in the analysis above do not compensate for the higher trading frequency when con-

sidering trading costs. Hence the S2L1 position with a one-month holding which previously appeared 

to have the best risk adjusted performance is indicated to have a negative profit when trading costs 

are considered. 

Considering holding periods of three and six months the amount of trading costs is highly reduced as 

the trading frequency is significantly lower for these holding periods. It is indicated that some of the 
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most profitable strategies with these holding periods would generate profits high enough to compen-

sate for trading costs hence still have a positive profit and, in several cases, outperform both bench-

marks. 

Considering holding periods of one year or more the effects from trading costs is significantly reduced 

as relatively little trading is necessary for these holding periods. Thus, the conclusion of the profita-

bility of strategies with these holding periods do not change much from what is presented in our 

previous analysis and profits are expected to still be positive if trading costs are accounted for. How-

ever, there is uncertainty especially regarding the one-year holding period where some strategies have 

profits close to zero with our estimated trading costs thus profits could be negative if the true trading 

costs differs significantly from our estimate. 

From appendix L, we see the same pattern for the strategies including the hedging positions. How-

ever, as these results showed lower profits before accounting for trading costs this is clearly also the 

case when considering profits after estimated trading costs. Due to this our indication is that profits 

after trading costs would primarily be negative for holding periods of one year or more. However, for 

holding periods of three or six months we see some strategies with positive profits and in some cases 

both benchmarks appear to be outperformed after considering trading costs. 

The best performing strategy is still the S2L1 position however, the optimal holding period changes 

when we take trading costs into account. Although we cannot conclude on the exact amount of profits, 

we have a clear indication that a holding period of one month is not optimal when considering trading 

costs. Our cautious estimate is that a holding period of six months, or perhaps three months, would 

provide the best balance between the high profits seen for shorter holding periods and the reduced 

trading costs from a lower trading frequency. In fact, increasing the holding period from one to six 

months reduces the trading frequency from 120 times to 20 times throughout our ten-year data period. 

It is clear that this will have a large impact on profits regardless of the exact amount of trading costs. 

The conclusion we make from this analysis is that one month is no longer expected to be the optimal 

holding period when trading costs are accounted for. 

Key findings from empirical results 

In our analysis of the hold-to-maturity approach we find that the optimal way to create dividend 

exposure is to combine a long and a short forward with different maturities. This strategy outperforms 

the dividend futures strategy and the short forward strategy with rolling three-months index futures 
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on a risk adjusted basis, although results are consistent between the different strategies. Furthermore, 

we find that longer-horizon strategies are preferable and longer holding periods also increase the risk 

adjusted performance. The optimal trading strategy, when considering holding periods from one to 

five years, is to create exposure to the five-year dividends and hold the position for four years. We 

find that the best carry roll is from the two- and three-year points on the curve which matches the 

dividend futures contracts with the highest volumes. 

Our analysis of the Mark-to-Market approach provides partly different results. When shorter holding 

periods are considered, we find that the optimal holding period is one month, as the optimal strategy 

is to short a two-year forward and go long a one-year forward with a holding period of one-month. 

We argue that this particular strategy benefits from an attractive carry roll caused by a strong pull-to-

par effect on this part of the dividend curve, and simultaneously the low beta for short-term dividends 

imply lowered volatility. The attractiveness on this particular part of the curve is consistent with the 

results from the first part of the analysis and the trading volumes for dividend futures.  

Adding an interest rate hedge has a negative effect on the performance of our strategies as average 

returns decrease and volatilities increase for most strategies. The negative effect is larger for long-

horizon strategies due to higher interest rate sensitivity thus, our optimal short-horizon strategy is less 

affected and still the best performing. The negative impact of the interest rate hedge indicates that the 

profitability of our forward strategies is partly due to interest rate exposure. 

Adding a beta hedge primarily reduces the volatility. However, the risk adjusted performance is re-

duced for most strategies, indicating that part of the profitability of dividend exposure is due to move-

ments in the stock market. The optimal strategy still consists of a short two-year forward and a long 

one-year forward with a holding period of one month and this strategy outperforms both benchmarks. 

The first part of our analysis shows that the optimal strategy is exposure to long-horizon dividends 

with a long holding period. The second part of our analysis shows the opposite as the optimal strategy 

is exposure to the two-year dividends with a short holding period of one month. The difference be-

tween the conclusions is partly due to the introduction of shorter holding periods in the second part 

of the analysis. The short holding periods provide more detailed information regarding specific parts 

of the dividend curve causing the conclusion to change. However, there are consistency regarding the 

best part of the dividend curve for a carry roll as both parts of the analysis show that the two-year and 

three-year points on the curve are favorable. This matches the dividend futures contracts with the 
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highest trading volumes which put downward pressure on the dividend curve thus enhancing the ef-

fect of the positive carry roll combined with the pull-to-par effect. 

When cautiously considering trading costs our findings suggest that the one-month holding period 

would not be optimal if trading costs were accounted for. This is due to the significantly higher trading 

frequency for such a short holding period. It is indicated, that a six-months or perhaps a three-months 

holding period would perform better due to lower trading frequency, hence lower trading costs. None-

theless, it is still the short two-year forward and long one-year forward that seems the most profitable 

strategy.   

8. Conclusion 

Our study examines the structural imbalances on the dividend price curve of the Euro Stoxx 50 index. 

Firms use dividends to reward its shareholders and there is a high degree of signaling effect in divi-

dends. Short-term dividend expectations are formed by financial analysts and are based on company 

information such as expected earnings, etc. Beyond two to three years expectations are based on a 

macroeconomic-related growth rate. 

Dividends are increasingly traded through derivatives such as dividend futures. The Euro Stoxx 50 

index is by far the most concentrated market for dividend futures. The most traded dividend futures 

contracts have maturities of two and three years. Dividend futures prices show a downward sloping 

curve for the Euro Stoxx 50 index which is inconsistent with dividend expectations. Thus, dividend 

prices are generally well below the corresponding realized dividends especially for longer maturities. 

The same tendency is not seen for other indices.  

We decompose the risk in dividends into three risk sources: the pull-to-par, the positive carry roll and 

the beta. The pull-to-par expresses the behavior of dividend prices converging toward the level of 

realized- and expected dividends as contracts approach expiry. The positive carry roll is caused by a 

combination of a downward sloping dividend price curve and the pull-to-par effect resulting in a 

positive carry when dividends roll up the curve as time passes. The beta of dividends expresses the 

equity risk in dividends as long-term dividends have a beta of one whereas short-term dividends have 

significantly lower beta. 

We suggest that the imbalance of the dividend price curve is caused by hedging activities from issu-

ance of structured products. Low interest rates lead to a high demand for those yield enhancing prod-

ucts. The resulting exposure for the issuing bank resembles a short forward. This can be hedged by 
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going long forwards or hedging the different risks separately with the dividend exposure being sold 

off in the dividend futures market. Either way it puts a downward pressure on dividend prices either 

directly by a large dividend supply in the dividend futures market or indirectly by increasing demand 

and thereby prices for forwards which decreases the dividend yield in the forward price. 

As the dividend price curve is downward sloping, a trading strategy exploits this by having long 

dividend exposure. This can be obtained either by going long in dividend futures of short in forwards. 

We find that creating dividend exposure through forwards have the best risk adjusted performance. 

Specifically, we find that the optimal dividend trading strategy is to create dividend exposure through 

a combination of a long and a short forward with different maturities. 

Considering strategy profits evaluated at maturity, meaning both opening and closing positions are 

included, we find that the optimal trading strategy is to create exposure to the five-year dividends and 

closing the position after four years. The holding periods examined are one to five years. The best 

carry roll is from the two-year point on the dividend curve with dividend futures. With forwards, it is 

the three-year point. Creating dividend exposure through long and short forward positions is more 

profitable than both a dividend futures strategy and a short forward with rolling index futures strategy. 

Calculating profits from daily Mark-to-Market enables us to consider shorter holding periods. We 

then find that the optimal trading strategy is to short a two-year forward and long a one-year forward 

with a holding period of one month. This and several other strategies outperform chosen benchmarks. 

We suggest that the attractiveness of this strategy is caused by a strong pull-to-par effect. Simultane-

ously, this horizon is also the most traded with dividend futures suggesting a strong downward pres-

sure on dividend prices. We argue the combination of those two factors leads to one of the most 

profitable carry rolls on the dividend curve. Combined with a low beta implying a lowered volatility, 

we find this particular strategy yielding the best risk adjusted return both in terms of Sharpe ratio and 

risk scaled profit. 

Adding an interest rate hedge and hedging the beta in the dividend exposure both reduce the perfor-

mance of our trading strategies. Thus, part of the profitability of our forward strategy is due to interest 

rate exposure which has been favorable in our data period. Furthermore, the profitability of dividend 

exposure in general is partly due to the equity risk in dividends. The best risk adjusted performance 

is still found for the short two-year forward and long one-year forward strategy with a short holding 

period of one month. Due to the short horizon of this strategy it is not remarkably affected by the 

hedging positions thus it still clearly outperforms both benchmarks. 
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A cautious consideration of trading costs suggests that the one-month holding period would not be 

optimal if trading costs were accounted for. This is due to the significantly higher trading frequency 

for such a short holding period. Our findings indicate that a six-months or perhaps a three-months 

holding period would be preferable in this case but still with the exposure from a strategy consisting 

of a short two-year forward and a long one-year forward. 

9. Discussion 

9.1. The use of the parametric VaR and ES 

We apply Expected Shortfall (ES) and Value at Risk (VaR) in more than one function in our thesis. 

We use them as a way to determine a denominator in calculating returns and we use them to scale the 

strategy profits to match a certain risk. Our approach has been to use the parametric VaR, hence 

assumed the distribution of strategy returns followed a normal distribution. Since ES is based on VaR, 

ES is also affected by that assumption. The choice of using the parametric VaR instead of calculating 

the VaR from the actual distributions can have several implications. In the function as denominator, 

VaR and ES essentially determines the leverage of a position. Since the distribution of returns can 

vary dependent on the strategy, as they are not perfectly normal, the relative leverage applied can 

differ between the strategies. Thereby, when evaluating returns, some strategies might be overly lev-

eraged compared to another strategy, hence yielding a relatively higher return. As we relate parts of 

the strategy returns to previously examined theory, the potential effect from unfairly leveraged posi-

tions can distort the results and thereby the final conclusions.   

In the function as a factor to scale profits, VaR and ES determines how many contracts that must be 

bought to match a certain risk and thereby also how much the profit of a strategy is scaled. Again, the 

assumption of normal distributions can lead to potential distortions in the results. There might be 

strategies where the estimated risk will underestimate the true risk. That means there might be strat-

egies where more contracts are bought compared to what should have been bought. This is for exam-

ple in a strategy where the kurtosis is larger than three. In this case the estimated VaR will underesti-

mate the true risk. The result is that the profit gets unfairly boosted and the performance to the bench-

marks and other strategies can be improved. The result can go both ways but most often it is the risk 

from the strategies that are underestimated compared to the benchmarks. However, as more contracts 

are bought it also implies larger transaction costs. Therefore, there is some offsetting, however, we 
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argue that generally it is not enough to compensate for the misestimated risk even though we have 

not gone into details with the transaction costs.     

9.2. The optimal performance measurement approach 

We have in our thesis applied two different performance measurement approaches to evaluate the 

performance of our strategies: The Sharpe ratio and the risk scaled profits. We argue that the combi-

nation of the two provides a fair foundation to depict the performance of the strategies as they com-

plement on each other’s shortcomings. However, as elaborated on in section 6.3, there are obviously 

challenges with them both. In particular, the transformation of profits to returns is an interesting topic, 

which naturally has an effect on the Sharpe ratio. We chose to use VaR and ES as denominators to 

calculate returns, however, this is not the only way. A common approach to calculate return on de-

rivatives such as futures is to assume fully collateralized positions (Cheng, 2018). This could also 

have been done in our strategies, albeit the procedure would have been complicated since our strate-

gies are consisting of both long and short positions with different maturities, hence we would need to 

consider partially offsetting collateralizations. Nonetheless, the procedure would probably lead to 

different returns, which would affect the Sharpe ratio and thereby the performance. The magnitude 

of the effect is difficult to determine however, we argue it is not revolutionary since the risk scaled 

profits to a large extend are aligned with the current Sharpe ratio performance. Regardless, the varying 

results between the different approaches questions the suitability of transforming profits to returns on 

this type of strategies. An alternative to the Sharpe ratio could be to measure the average profits over 

the standard deviation of profits. We applied this approach for the strategies in section 7.1 as an 

indicator of risk adjusted performance. However, this approach ignores the element of excess returns 

i.e. the risk premium as compensation for bearing risk.  

9.3. Data period 

The data period from 2010 to 2019 is characterized by a long upswing in the economy and the stock 

market. Although the upswing has not been as great for Euro Stoxx 50 as for the global stock market, 

the trend is generally upward sloping since the market crash in 2008. At the same time interest rates 

have been falling throughout the period. Due to this our analysis is based on the same market move-

ments throughout the period. If data included a full economic cycle, the analysis would have been 

more complete as we could have analyzed the results in different market scenarios. For example, due 
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to our data period we primarily examine the performance of our strategy in a scenario where bench-

marks experience positive returns, and we do not see how the strategies would perform in bear mar-

kets. It would be interesting to observe the behavior of dividend prices in a bear market. In addition, 

with falling interest rates the interest rate hedge consistently has a negative profit thus reducing the 

return of the strategy. If the data period included a scenario with increasing interest rates, we could 

have seen both the positive and the negative effect of the hedging position on profits in our results. 

The lack of full-cycle data makes the analysis and the conclusion less broad. 

9.4. Hedging of structured products and dividend prices 

The developed trading strategies builds on the effect from hedging of structured products on the mar-

ket for dividends. The connection between the two is primarily documented by existing literature and 

the fact that the issuance of structured products is highest for the Euro Stoxx 50 index which also has 

an inverted dividend term structure. The hypothesis regarding the effect of hedging on dividend prices 

is not tested, however by focusing further on this topic the trading strategy could be advanced by 

using data on issuance of structured products to create trading signals.  

However, the hedging caused by structured products does not only depend on the amount being is-

sued. The exposure that needs to be hedged depend highly on the development in the index price and 

the knock-in and knock-out levels of the products described in section 4.3. A more precise connection 

between dividend prices and hedging of structured products could be obtained if we had access to 

data regarding the knock-in and knock-out levels of the outstanding amount of structured products. 

This would enable us to estimate the greeks, i.e. delta, vega, etc. of the structured products which 

determines the hedging. This would establish the link between hedging and the dividend curve more 

clearly. It would also be helpful for a trading strategy as the greeks could be used to create a heat map 

of the hedging need depending on the development in e.g. the index level which could be used to 

create trading signals. 

The considerations just described drastically increases the complexity of the analysis and the trading 

strategy. Creating a heat map linking exposure to structured products requires data regarding the 

structured products which is not available and the exposure is complex. The dividend exposure ana-

lyzed in this thesis is just one element of the hedging. We have primarily linked this to the dividend 

exposure directly resulting from issuing the structured products and to some extend the dividend ex-

posure resulting from delta hedging. However, hedging of the other greeks, e.g. vega also affects the 
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dividend exposure as vega hedging is likely to be done using instruments affecting the dividend ex-

posure. All in all, the risk exposure from structured products is complex and various risk exposures 

are affected differently by different market movements. At the same time hedging of one type of risk 

exposure also affects other exposures, such as vega hedging affecting the dividend exposure. Linking 

the exposures and hedging need to the market movements is beyond the scope of this thesis, yet an 

interesting topic for further research. 

9.5. Price return index vs. total return index 

The underlying index of the structured products is also relevant for the trading strategy as it affects 

the hedging activity. Traditionally the underlying index has been a price index causing the imbalances 

on the dividend curve by hedging through dividend futures or synthetic forwards as explained in this 

thesis. 

An increasing number of structured products has total return indices as the underlying index. This 

changes the dividend exposure for the issuer. In that case, structured products no longer have a long 

dividend exposure for the issuer. This makes a synthetic forward a less suitable hedge and eliminates 

the need for hedging with dividend futures. Thus, the effect on dividend prices from hedging of struc-

tured products is likely to change and the foundation for our trading strategies becomes uncertain. 
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