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Abstract 

This Bachelors thesis involves the creation of a market place for animal compound feed risk 

management, potential hedging instruments and applicable risk management strategies. The 

market place is a cross hedged portfolio of futures contracts that correlate with the price of 

animal compound feed in Sweden, defined as an index and referred to as Compound Feed 

Index.   

 

The thesis has been conducted in collaboration with Lantmännen ek.för Feed Division, the 

largest producer of animal compound feed in Sweden. The producer looks to expand its’ of-

fering to clients, i.e. livestock farmers, by potentially offering risk management solutions. 

Volatility in commodity raw materials used to produce animal compound feed has increased 

vastly and thus also the price volatility of animal compound feed has increased. Animal com-

pound feed is the largest expense in the livestock farming business and there are currently no 

risk management solutions available. 

 

Using future contracts with the same underlying commodities as are used to produce animal 

compound feed, we conclude that a Compound Feed Index can be created as a portfolio with a 

cash position and defined weights of each separate futures contract. Unfortunately, due to an 

inefficient market structure without transparent and observable market prices, the strength of 

the correlation and the hedging contribution is not sufficiently high to recommend the imple-

mentation of the Compound Feed Index. 

 

We hope that this study can provide an example for future studies that aim to solve similar 

difficulties. As the market for animal compound feed becomes more transparent it is likely 

that a Compound Feed Index such as presented in this paper would be of value. 
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1. Introduction 

Livestock breeding has for long been a vital part of human history. Today the agricultural 

sector suffers under tumultuous conditions where volatility in prices has brought uncertainty 

to both input and output prices, thus leading to swings in profitability for livestock farmers 

(OECD, 2011). To minimize these uncertainties, new risk management opportunities can be 

developed if a reliable and trustworthy index can be constructed (The World Bank, 2005).  

 

For a Swedish livestock farmer there are, as of today, few ways to manage the downside risk 

of the business's profitability, which is caused from rising or already high animal compound 

feed prices. According to Wahlgren (2016), the animal compound feed accounts for about 70 

% of the total costs for a livestock farmer in the poultry breeding business. Thus, a vital part 

of the business's profitability relies upon minimizing the price paid for the compound feed. 

Furthermore, Wahlgren (2016) explains that animal compound feed can be purchased by the 

farmer at a fixed cost for future deliveries or purchased at spot prices. The end product is then 

sold either at spot prices or at monthly fixed prices. This, in turn, imposes multiple inefficien-

cies for the livestock farmer. For instance, if the current market prospects were to change and 

the product price drops after the livestock farmer has purchased the animal compound feed at 

a fixed cost for future deliveries there are today no tradable products available to offset this 

risk. This jeopardizes the profitability of the Swedish livestock farmer and adds unwanted 

uncertainty as long as it is not possible to offset risk through tradable risk management prod-

ucts. 

 

Previous studies have investigated different risk management methods for farmers outside of 

Sweden. However, no earlier research has been conducted on how Swedish livestock farmers 

could hedge their profitability against price fluctuation in the animal compound feed. Hence, 

Lantmännen ek.för sees an opportunity to offer risk management products for livestock farm-

ers. According to Axel Walle at Lantmännen (2016), these new potential hedging products 

need to be tradable and have the potential of enhancing business margins and/or lesser fluctu-

ations in the livestock farmer’s profitability. By enabling these types of products to livestock 

farmers, they will be able to better manage the cost of the compound feed. Therefore, in con-

sultation with Lantmännen ek.för, this thesis aims to contribute to the current risk manage-

ment practices in the Swedish livestock industry.  
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Ultimately, the thesis’s main objective is to create a theoretical marketplace and tradable fi-

nancial risk management tools. In turn, these tools will be used to design different risk man-

agement strategies for compound feed purchases in hope to lesser the significance of the vast 

uncertainties that the Swedish livestock farmers today face. To enable this, the price fluctua-

tions in the animal compound feed is cross hedged with various futures contracts that has an-

imal compound input commodities as underlying assets. The purpose of the cross hedge is to 

create a Compound Feed Index, which in turn is the underlying asset when constructing the 

tradable products. 

 

The thesis is conducted in consultation with Lantmännen ek.för´s Feed Division and thus the 

scope of the thesis is partly restricted to fit Lantmännen’s expectations. Subsequently, the 

Feed Division’s objective when participating is to increase current offerings to its clients, i.e. 

the Swedish livestock farmers. Hence, the thesis is restricted to treat the segment of the value 

chain where livestock farmers buy animal compound feed from Lantmännen ek.för, and not 

the sale of the animal breeding end product. Secondly, to ensure reliability of the Compound 

Feed Index, only the poultry industry is considered. Thirdly, to ensure maximum transparency 

of the Compound Feed Index and the hedging capabilities for the market maker, only futures 

contracts are considered when creating the Compound Feed Index.    

 

To summarize: 

1. The thesis only focuses on hedging livestock farmer’s animal compound feed expens-

es and not the sales of the end product. 

2. Lantmännen ek. för’s largest animal compound feed in the poultry segment is consid-

ered when defining the Compound Feed Index. 

3. Only futures contracts are considered when defining the Compound Feed Index. 

 

In chapter 2, the paper provides the reader with previous research made in this area. Chapter 3 

covers background information on the market, and the economy of the Swedish livestock 

farmer. Furthermore, in chapter 4, a theoretical overview of hedging and the financial prod-

ucts used in risk management is explained. The paper treats the currently available risk man-

agement tools in chapter 5. In chapter 6, selected data is discussed and in chapter 7 the meth-

odology is presented. Results, analysis and discussion are presented in chapter 8 and further 

conclusions are made in chapter 9. Lastly, chapter 10 provides suggestions for future studies. 
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2. Previous research 

Various risks that farmers face and how it can be managed has been a topic in several research 

papers. For instance, Miller et al. (2004) focuses their research on the structural and opera-

tional risk that farmers face and how it can be managed. The operational risks that they ana-

lyze are explained as traditional risks associated with business risk and financial risk, whereas 

the structural risks are associated with political, government policy, macroeconomic, social 

and contingencies, and industry dynamics risks. Further, the paper explains how these types 

of risks can be managed by the use of different risk management strategies. For operational 

risk they suggest the usage of futures or options contracts in order to lock in profits. For struc-

tural risk, it is emphasized that it is hard to manage as it often is hard to anticipate and thus 

out of the farmer’s control.  

 

Another study made by Näslund (2008) examines Swedish farmers’ usage of risk manage-

ment in grain production. Moreover, the paper studies the factors that characterize farmers 

who use price risk management tools for cereals. The author concluded that farmers who were 

well informed about the futures market tend to use these tools more than less informed farm-

ers. Furthermore, Noussinov & Leuthold (1998) conducts a study aiming to find optimal 

hedging strategies for the U.S. cattle feeder by comparing alternative hedging strategies to 

multiproduct optimal hedging for a Midwestern cattle feeder. Ultimately, the study asses if 

multiproduct hedging techniques can reduce risks faced by a cattle feeder. Conclusively, the 

study concluded that all hedging strategies significantly reduce the mean and variance of feed-

ing margins. In other words, it is possible for livestock farmers to reduce risk by the use of 

different hedging strategies. In addition, the study concludes that all the tested strategies were 

on the efficient frontier, which ultimately leaves each hedging decision up to the livestock 

farmer´s degree of risk aversion.  

 

While Miller, et al. (2004) studies how an optimal hedging strategy could reduce risk, and 

Näslund (2008) emphasizes that Swedish farmers today uses futures contracts as hedging in-

struments, neither of the studies examines the effects of various hedging strategies. Also, they 

do not design structured products in order to see how a livestock farmer historically could 

have been better off by the use of such. Even though, Miller, et al. (2004) provides solid 

background information about different risks that farmers face, further risk management solu-
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tions are not analyzed. As for Noussinov (1998), who postulates examples of how risk can be 

managed, it is customized for U.S cattle feeders, and not for Swedish livestock farmers.  

 

Two studies most similar to this are made by Nilsson & Söderberg (2007) and Bergmans 

(2008). Nilsson and Söderberg (2007) investigate the possibility to cross hedge ethanol prices 

by the use of different commodities futures contracts. More specifically, the study aims to 

provide risk management tools to Agroetanol, a Lantmännen owned producer of ethanol. In 

short, they found that sugar has some historical hedging significance as sugar is strongly cor-

related with the ethanol prices due to Brazil’s usage of sugar as commodity input in ethanol 

production. The other paper conducted by Bergmans (2008) investigates, in consultation with 

ABN AMRO, the possibilities to develop a sellable financial product for livestock farmers. 

The result of this study is not for public use, thus no further conclusions can be made. How-

ever, the procedure of creating an index by cross hedging is similar to the method used in this 

paper. For instance, Bergmans (2008) mentions a ´Lego´ approach, which is the building of a 

product by existing derivatives contracts such as futures contracts and options.  

 

While Nilsson and Söderberg (2007) attempts to cross hedge ethanol prices, they do not target 

compound feed products. However, the complexity of finding a cross hedging instrument that 

correlates is emphasized also in this paper. Also, as Bergmans (2008) investigates how live-

stock farmers could hedge themselves against price risk by the use of financial products, the 

study does not provide any analysis of different hedging strategies.  

 

Ultimately, previous studies provide information about agricultural risks as well as different 

hedging methods but they do not provide any usable hedging strategies for Swedish com-

pound feed manufacturers. Hence, there is a research gap, which we aim fill by contributing 

to previous research with new hedging tools and strategies to the Swedish livestock industry. 
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3. Compound Feed Market - Background 

This chapter will present the reader with sufficient information about the Swedish livestock 

market. Additionally, market characteristics are described for the reader to understand the 

risk management needs for livestock farmers in Sweden. 

3.1 The animal compound feed industry in Sweden 

The Swedish compound feed industry is a sub-sector within the agricultural industry that con-

sumes approximately 15 % of the Swedish agricultural production. Moreover, a large share of 

the commodity raw materials used to produce animal compound feed is imported. The main 

compound feed producers are large agricultural companies and the consumers are livestock 

farmers i.e. the farmer that breeds livestock to later sell the proceeds. The main categories of 

livestock are poultry, pig and cow. Additionally, there are niche categories for animal type 

such as sheep and reindeer. The different types of livestock categories require different types 

of animal compound feed to fit the specific dietary needs of the animal. Furthermore, the end 

product differs between the animals, were cow produces milk and/or meat, poultry produces 

eggs and/or meat and pigs produce meat. Hence, the economic situation and future prospects 

can differ significantly between the different categories of livestock breeding. (Jordbruksver-

ket, 2011)  

 

Animal compound feed is used in the livestock industry to breed animals. Moreover, the 

compound feed products are different from regular feed as the compound feed is a product 

that the livestock farmer purchases from a compound feed producer. While feed is every other 

type of nutrient or food, compound feed is a mixture of different nutrients in an appropriate 

concentration. The animal compound feed has a higher concentration of nutrients and is much 

more complex than feed. Compound feed largely consists of grains, oilseeds, specific fats and 

vitamins that the animal needs in order to optimize growth. A large part of feed in the live-

stock industry consists of grains, which the farmer harvests on the farm. This is especially 

common in pig breeding where up to 80 % of the animal feed can be produced on the farm, 

and only 20 % represents animal compound feed. In the poultry industry the majority of feed 

is purchased compound feed as the animals need specific nutrients, which cannot be found in 

grains harvested on the farm (Jordbruksverket, 2011). The market’s value chain is illustrated 

in figure 1. 
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figure 1 

 

 

Moreover, about 70-80 % of the animal compound feed´s end value consists of commodity 

inputs, 10-15 % of the value is transportation costs and 10-15 % is production costs (Jord-

bruksverket, 2011). According to Walle (2016), all compound feeds are produced with a spe-

cific recipe made up of proteins, amino acids, water, salt and other nutrients sources from 

different commodities. Yet, the specific commodity source of these nutrients is often optional. 

As commodity prices, i.e. the source of various nutrients, are highly volatile, the price of the 

compound feed can vary significantly depending on commodity availability and price rela-

tions. When defining the optimal blend of input commodities, the compound feed producer 

has to evaluate one certain protein-rich-commodity against another protein-rich-commodity. 

To achieve this, compound feed production is highly dependent on the “blending problem” 

which is a mathematical optimization made up of thousands of available commodities and 

their prices. The mathematical optimization does in turn yield the optimal fit of input com-

modities for a specific compound feed product. In addition, the blending problem is a dynam-

ic process as commodity prices change, and thus recipes can vary every time the blending 
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problem is recreated. The precise mix of commodities in the recipes for animal compound 

feed is considered a company secret by Lantmännen ek. för, and hence it is not disclosed in 

this paper. However, figure 2 contains a distorted overview of the commodity inputs in the 

compound feed. (Walle, 2016) 

 

figure 2 

Source: Lantmännen ek.för Feed Division intern information 

3.2 Oligopoly market  

The Swedish compound feed market consists of no more than 15 animal compound feed pro-

ducers where the three main compound feed producers account for 85 % of the total market, 

see figure 3 (Jordbruksverket, 2011). The market structure is often described as an oligopoly, 

which is characterized by markets where a few companies have a dominant position (Pepall, 

Richards & Norman, 2014). Conclusively, as only three companies produce 85 % of the ani-

mal compound feed, the Swedish animal compound feed market is a typical oligopoly market.  
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figure 3 

 

 

Jordbruksverket (2011) describes the Swedish compound feed market as inefficient in price 

formation, where the producers might take a wait-and-see approach by first awaiting the com-

petitors move before lowering its own prices. This exemplifies an oligopoly and is explained 

by Game Theory in where every decision made by an actor is called a strategy. The strategy 

then determines the outcome for each player of the game (Pepall, Richards & Norman, 2014). 

For instance, if one company moves first and lowers or raises the price of a compound feed, 

the other actors will then move secondly to compete by setting an even lower price or equal 

price. However, if none of the actors makes a move then they both can put a higher price on 

the products, which in turn will result in overall higher profits. Hence, there is an incentive for 

the actors not to make any competing move unless anyone else does. Jordbruksverket (2011, 

p.11) lists the following characteristics as a reason why the Swedish compound feed market is 

a victim of oligopoly: 

 

· High entry barriers 

· The companies in the compound feed market has a long time horizon and they contin-

uously meet on the market  

· The market is stable  

· Almost identical products are produced  

Market Shares of Producers in the Swedish 

Compound Feed Industry 

Lantmännen Svenska Foder Swedish Agro Others
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· The cost structure for each company is similar  

· The pricing is centralized  

· The companies can easily exchange information  

· The companies have capacity constraints 

· The demand for the products are not price sensitive  

· The buyers i.e. the livestock farmers have high costs in comparison with the suppliers 

pricing  

· The buyers suffer high costs if changing to a new supplier  

 

Conclusively, the oligopoly situation in the Swedish compound feed market is an issue for 

Swedish livestock farmers. Ultimately, they have limited options when buying the compound 

feed, which results in potentially disadvantageous prices. For the livestock farmer this impacts 

business profitability as they are not able to pass higher costs for compound feed onto the end 

product. Therefore, it is mainly the profitability of the livestock farmer and the level of live-

stock production in Sweden that suffers the biggest consequences from the oligopoly situa-

tion. (Jordbruksverket, 2011) 

 

Even though consumers are not required to purchase compound feed from a specific producer, 

there are certain reasons that makes the consumer’s choices of potential suppliers limited. The 

primary reason is that compound feed is usually sold and delivered on the livestock farmer’s 

farm. This gives rise to transportation costs, which could correspond to about 10-15 % of the 

total product value. Thus, geographical location is important. Ultimately, animal farmers that 

are located geographically close to a specific compound feed supplier tend to purchase the 

product from the closest producer. As Lantmännen is the only producer locally represented 

across entire Sweden this explains their significant market share. The dependency of geo-

graphical location also allows for suppliers to attain different profit margins in different loca-

tions across Sweden. In turn, this results in a fragmented market without a transparent and 

efficient market price quotation on compound feed (Jordbruksverket, 2011). Apart from loca-

tion, all of the compound feed producers on the Swedish market compete in quality i.e. by 

product differentiation. Although a better compound feed quality can motivate a slightly larg-

er margin, it does not usually attract new customers. Overall, livestock breeding is a business 

with small margins and therefore the price of the product is ultimately the main competitive 

factor (Walle, 2016). 
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3.3 The Economy of a Livestock Farmer 

According to Wahlgren (2016), the most progressive type of livestock farmers is found in the 

poultry business. They have a quick turnover of working capital and receive cash flow every 

35 days. The poultry is bred during the first 35 days of the yearly business cycle. Before this 

period the poultry farmer purchases poultry compound feed at a fixed price and sells the end 

product at spot prices or at a fixed price on which the farmer receives/pays a sum depending 

on better/worse quality than expected. After the 35-day breeding period, the poultry is sold 

against a cash flow. Before the poultry farmer starts the next 35-day breeding period, the 

equipment and premises are cleaned during 7 days. Illustrated in figure 4 are the first 5 weeks 

of the business cycle. 

 

Economic calculations within the poultry business are made on basis of profitability per 

square meter. The profitability within the poultry business is high, according to research made 

by Hushållningssällskapet (2015, p. 34), see table 1. The calculations in the figure are based 

on an average farm size of 4000 square meters in southern of Sweden and shows a profit mar-

gin before financial costs and taxes (EBIT) of 10,7 %. At 61,3 % of costs, compound feed is 

the largest expense. Other variable costs such as electricity, medical products, and handling 

costs represent 8,6 % of costs. Labor and inventory expenses are calculated at 3,5 % of costs. 

Presented in SEK/KG a chicken yielded a revenue of 9,25 SEK and it required 5,19 SEK in 

figure 4 
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compound feed costs to breed. The common assumption within poultry breeding is that it 

takes 1,7 kilos of compound feed to reach 1 kilo of chicken growth (HIR, 2015). 

 

table 1 

 

Source: HIR, 2015, p. 34 

 

4. Theoretical overview  

This chapter presents theoretical information about financial hedging instruments. Also, a 

theoretical overview of different risk attitudes and risk perception will be discussed in order 

to understand the hedging strategies that will be introduced in chapter 5.2.  

4.1 Hedging 

The basic principle of hedging is to take a position in an asset whose value will move in the 

opposite direction to the asset being hedged. Moreover, hedging involves the use of deriva-

tives to counteract potential future movements in the assets that is being hedged (Hull, 2012). 

To put it in context, a farmer who produces corn and has to wait about 6 months from seeding 

to harvesting may not want to be exposed (long) to price fluctuations during this time period. 

At the same time, there is a merchant who has sold a cargo of corn to an ethanol plant nearby 

with a delivery of 6 months. In turn, the merchant does not desire to be exposed (short) to 

price fluctuations. To reduce the risk associated with the price fluctuations these two parties 

can enter into an agreement where a future price and delivery date in 6 months is settled. By 

doing so they agree that the farmer will sell (short) corn and the merchant will buy (long) to a 

specific price in 6 months. This contract will protect both parties from the price risk, until the 

contract expires, as they enter into counteracting positions to their initial exposure. This is the 

basic principle of hedging, which in turn is the original purpose of financial derivatives. 

Profitability Poultry Farmer

Revenue 338

Purchase of chicken -80

Costs, compound feed -185

Costs, variable -26

Costs, labour -11

EBITDA 36

Margin 10,7%
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4.2 Financial Hedging Instruments 

Financial products are common instruments when hedging as it is easily traded at a low cost. 

Some of the most common types of financial products used in hedging are standardized fu-

tures contracts and options traded on an exchange. Apart from these it is possible to use Over 

the Counter (OTC) counterparties to design customized financial products that suits specific 

needs and/or assets that might not have a corresponding exchange traded financial product 

available.  

4.2.1 Forwards & Futures 

A forward contract is a derivative where two parties approve to buy or sell an asset at a defi-

nite time in the future for a specific price on the OTC market (Hull, 2012). On the delivery 

day, at time t, the seller of the contract is obligated to deliver the physical asset whereas the 

buyer of the contract is obligated to pay the agreed price. Futures contracts have the same 

fundamentals as forward contracts accept that it is traded on the exchange traded market, and 

thus standardized (Hull, 2012). The exchange guarantees payment for all contracts, through 

clearing services, by requiring that the traders in question holds a margin account.  

 

A long (bought) futures contract can be cancelled out via the exchange by selling (shorting) 

the same contract prior to expiration and thereby physical delivery is avoided. This opens up 

for trading with futures contracts within its maturity period without risking physical delivery. 

In the context of a farmer who today is seeding next year’s productions, a future contract ena-

bles to sell the proceeds of future production by selling future contracts and thereby eliminat-

ing the price risk. A future contract´s fair price is calculated as equation 1, where  is equal 

to the fair value of the forward contract,  represents the spot price of the underlying asset, 

r is the risk-free interest rate and t is the time to maturity (Hull,2012). 

 

equation 1 

 

 

 

The payoff from a long (buy) position is: 

equation 2 
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Whereas the payoff of a short (sell) position is: 

equation 3 

 

 

Where,  represents the spot price at time t, and K is the strike price (the agreed price of the 

contract). Figure 5 illustrates the payoffs for a long position (a) and a short position (b). 

 

figure 5 

 

Source: Hull, 2012 

4.2.2 Options  

An option gives the buyer the right, but not the obligation, to buy or sell the underlying asset 

at a specific time in the future for a certain price, the strike or exercise price. When the option 

can be exercised depends on the type of option; American options can be exercised at any 

time up to the expiry date while European options can only be exercised on the maturity date. 

Moreover, options can be traded with various underlying products such as commodities, 

stocks and bonds etc. (CME Group, 2015). Most of the options traded are of American style 

(Hull, 2012). To better fit the thesis of this paper, only European options on futures will be 

considered hereon forth. 

 

As options can be traded on the exchanges as well as OTC, they can either be standardized or 

designed to suit specific needs. Furthermore, options are similar to insurance contracts where 
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the buyer of the contract pays a premium in order to minimize the risk of price fluctuations in 

the underlying asset.  

 

An option will be exercised when it is in-the-money, meaning when the price in the case of a 

put option is below the exercise price (K-S > 0), or for a call option when the spot price is 

above the exercise price (S-K > 0). When the exercise price and the spot price is the same, the 

option is said to be at-the-money, and when the spot price is below the exercise price for a call 

option, and above for a put option, it is said to be out-of-the-money. If an option is in the 

money, then the option is exercised whereas if it is out of the money it will not be exercised. 

Furthermore, while the seller (writer) of an option contract is obligated to sell the contract if it 

is in-the-money, the buyer has the option to buy/sell the underlying asset for the strike price, 

K. Hence, the European option on a future contract can be exercised on the maturity date at a 

specific strike price. (Hull, 2012) 

 

The profit for a call buyer when the option is in-the-money is depicted in equation 4 and for a 

put buyer in equation 5. 

 

equation 4 

 

 

equation 5 

 

 

Where,  is the spot price at time t, K is the exercise price, c is the call premium, and p is the 

put premium. Illustrated in figure 6 are the profit/loss from a long position (a) and the prof-

it/loss from a short position (b). 

 

figure 6 

Source: Hull, 2012 
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Furthermore, options are often priced using the Black Scholes formula, presented in equation 

6 - 9 (Hull, 2012). 

 

equation 6 

 

And 

equation 7 

 

Where, 

equation 8 

 

And 

equation 9 

 

 

Again, c is the price for a call option and p is the price for a put option. In addition,  

and  are the probability that a variable with a standard normal distribution (0,1) hav-

ing a function of N(X) will be less than X  (  or ) (Hull, 2012). Figure 7 illustrates this 

reasoning. 

 

Source: Hull, 2012 

 

 

 

figure 7 
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4.2.3 Basis 

If an asset is hedged with a futures contract that has the same underlying asset then the hedge 

is said to be a perfect hedge since it completely eliminates risk (Hull, 2012). The price paid 

for the asset ( ) will not change no matter how the future price changes and the profit/loss 

from the hedged position will be zero. The price fluctuations between today and time t in the 

physical asset ( ) is canceled out by the price movements in the futures contract 

( ). Equation 10 illustrates this relationship. 

 

equation 10 

 

 

However, perfect hedges are rare, and in most cases we have to deal with imperfect hedges. 

An imperfect hedge occurs when the future contract does not have the same underlying asset 

as the asset being hedged which causes basis risk. According to Hull (2012, p.52-53) there are 

three main reasons for basis risk:  

 

1. The asset whose price is to be hedged may not be exactly the same as the asset under-

lying the futures contract 

2. The hedger may be uncertain as to the exact date when the asset will be bought or sold 

3. The hedger may require the futures contracts to be closed out before its delivery 

month 

 

Hence, basis can occur if the asset and the hedging instrument´s underlying are not identical 

assets, also called an asset mismatch. Put into practical context, the only way to hedge a ton of 

physical wheat placed in a silo in Sweden is with a milling wheat future contracts that are 

traded on an exchange in France. There are important differences between these two assets. 

The physical wheat on a farm is a physical asset in Sweden which is subject to a local supply 

and demand situation, whereas the wheat futures are a financial asset with a delivery date and 

a different supply and demand situation. Another type of mismatch is the maturity mismatch, 

which is when the expiration date of a futures contract is not the same as the payment time for 

the physical asset (Hull, 2012). For example, there might not be any future contracts available 

for the same crop year as the physical wheat. As the supply and demand situations are differ-

ent between two consecutive crop years, so will also prices be. This fundamental difference 

with affecting externalities between the asset and the hedge gives rise to a basis risk that can 
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be defined as the difference between the spot price of physical asset and the price of the fu-

tures contract. In equation 11 and 12,  is the basis risk when the position is initiated, and  

is the basis risk when the position is closed. 

 

equation 11 

 

 

 

equation 12 

 

 

According to Hull (2012) the profit/loss from a hedged position with basis therefore depends 

on the basis at the time when the hedge is initiated and on the basis when the position is 

closed out. Ultimately, the price paid for the asset depends on the result of the hedge, illustrat-

ed in equation 13. 

 

equation 13 

 

 

Basis risk can be a pressing issue in risk management. However, if there are no correlating 

hedging tools available then cross hedging is an option. Cross hedging is when the asset is 

fundamentally different from the hedge, but yet has satisfying similarities to attain an ac-

ceptable correlation. Cross hedging involves additional dimensions of basis risk, which occurs 

as the physical asset and the asset underlying the hedge is different. A modified illustration of 

Hull’s (2012) cross hedging basis risk is defined as a profit/loss in equation 14 where rep-

resents the price of the asset underlying the hedge at time t. The price paid for the asset is il-

lustrated in equation 15. 

 

equation 14 

 

equation 15 

 

 

Additionally, cross-hedging can be done by combining multiple futures contracts into one 

single asset in hope of attaining hedging efficiency on an asset that has no corresponding or 

similar futures contracts. This combination of futures can later be translated into an index 
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aimed at reflecting the price fluctuations of the asset. This procedure adds several dimensions 

of basis risk where additional basis occurs between the index and the asset as well as separate 

basis risk between each of the used futures contracts and their underlying assets arises. 

4.2.4 Tailoring Financial Instruments 

Per definition, all options and futures are derivatives since a derivative can be defined as a 

financial instrument whose value depends on (or derives from) the value of other more basic 

underlying variables (Hull, 2012). Furthermore, all options and futures can be traded over the 

counter (OTC) as non-standardized contract. As of today, the OTC market has grown to be 

much larger than the exchange traded markets measured in volume (Hull, 2012). The upcom-

ing of over the counter (OTC) exchanges has introduced possibilities for financial engineer-

ing. In turn, this has expanded the offerings of financial instrument and products far beyond 

the scope of basic futures into combining futures, options and other financial instruments to fit 

more complex and tailored needs. (Hull, 2012). Ultimately, financial engineering makes it 

possible for Lantmännen ek.för to create and offer Swedish livestock farmers alternative 

hedging tools for compound feed purchases. As there are no animal compound feed futures 

contracts in Sweden, this would be done by constructing a cross-hedging instrument of futures 

contracts that corresponds to the price fluctuations of compound feed input raw materials.  

 

Subsequently, when a cross hedged instrument is defined, OTC traded instruments can be 

designed and easily accessible for the livestock farmers. Furthermore, combinations of vari-

ous financial instruments based on the cross hedged instrument can be combined into sophis-

ticated hedging strategies. After having designed instruments as such, they could also be of-

fered OTC by a bank or by Lantmännen ek.för themselves. 

4.3 Risk  

To define different hedging strategies, it is necessary to understand the risks that the agricul-

tural sector faces as well as different risk attitudes. Therefore, the following sub-chapters will 

introduce the readers with a deeper understanding of risk. 
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4.3.1 Agricultural risk  

According to Hardaker, Huirne, and Andersson (1997), agricultural risk consists of five pri-

mary factors: 

 

1. Price or market risk 

2. Institutional risk 

3. Human or personal risk 

4. Third-party risk 

5. Financial risk  

 

The price or marketing risks concerns variations in commodity prices and quantities that can 

be managed. The institutional risks i.e. legal and environment risks are, for example, associat-

ed with lawsuits that are initiated by other businesses and governmental regulations. Human 

or personal risk involves labor risks i.e. the risk that family or employees may not be available 

to undertake labor activity. Finally, financial and third-party risk concerns the ability to pay 

bills and loans as well as the default probability. This paper addresses the issues of price and 

market risk. (Hardaker, Hurnie & Andersson, 1997) 

4.3.2 Risk Attitudes 

How much risk one is willing to take is considered before defining different risk management 

techniques. Quoting Hans Byström (2010, p. 46); “Most of us prefer a life without risks, at 

least if we are not adequately compensated of bearing risk”. Subsequently, when deciding 

how much risk a person is willing to take in order to reach an as high profit as possible three 

different types of risk preferences are normally discussed. In turn these types of risk attitudes 

will be considered when evaluating different hedging strategies in chapter 5.2.  

 

According to Byström (2010), risk averse individuals who are faced with different investment 

options with comparable expected yields but with dissimilar risks will favor the asset with the 

lowest risk. Risk loving preferences imply a preference for investments with high volatility 

and uncertainty in hope of getting abnormal returns, for example a gambler at a casino. Last-

ly, there are risk neutral preferences, which concerns risk indifference and ultimately focuses 

more on the expected return than the risk associated with an investment (Byström, 2010). 
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Another type of risk discussed by Bergmans (2008) is risk perception, which concerns the 

subjectivity in the feeling about risk. Essentially, the livestock farmer is subject to an individ-

ual feeling regarding the probability of losses. Kahneman, Slovic, and Tversky (1982), means 

that “the evaluation of information affects risk perception”. On effect, the threshold effect, 

states that people prefer certainty before uncertainty. This supports the assumption that live-

stock farmers prefer risk management tools. If more certainty can be brought to livestock 

farmers by risk management, there is a hope that by increasing the awareness of available 

instruments, this might help the Swedish livestock market become more efficient. Hence, the 

threshold effect is where this thesis will be able to contribute to livestock farmers risk man-

agement, in order to make their compound feed expenses less volatile and uncertain.  

 

5. Risk Management  

This chapter explains risk management in the perspective of a livestock farmer in Sweden and 

illustrates how different hedging strategies could reduce the risks faced by a livestock farmer.  

5.1 Risk Management Applied to Compound Feed Expens-

es 

American livestock farmers have had the opportunity to manage risk by hedging output 

through futures contracts based on live cattle, pork bellies and stored meat since the 1960s, 

and in earlier days through options and different types of structured products offered Over 

The Counter (OTC) (CME Group, 2016). In Sweden, however, the development of financial 

contracts and hedging possibilities for livestock farmers has been at standstill as flat interven-

tion prices has counteracted the need of such a marketplace. Instead, Swedish farmers are 

referred to the French Euronext Futures Exchange where grain and oilseed futures can be 

traded. Today, livestock farmers’ only possibility to manage risk is by purchasing animal 

compound feed at a fixed cost for future deliveries and selling the end product (Wahlgren, 

2016). This provides some risk protection but it is not a flexible enough method to satisfy 

different types of risk preferences, as discussed in chapter 4.3.2. Additionally, much can 

change after the animal farmer has purchased compound feed for future delivery. For exam-

ple, it can become obvious to the animal farmer that prices on compound feed will fall, and if 

so happens the farmer will not have any possibility to alter the long exposure.  
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A cross hedged instrument consisting of a combination of futures contracts restructured as an 

index that correlates with the price of compound feed in Sweden would in theory add substan-

tial value to a livestock farmer’s risk management arsenal. The logic behind the structure of 

the index is that animal compound feed input commodities comprise approximately 70 % of 

the product value. These input commodities are mainly grains and oilseeds, and thus the cor-

rect combination of these futures contracts should correlate with the price of the compound 

feed in Sweden. A cross hedged index with these characteristics would in turn enable the 

creation of various financial instruments such as futures and options based on the index itself. 

This would enable the livestock farmer to trade risk exposure on and off by both going long 

and short, thus making the animal farmer able to tailor risk exposure to specific risk prefer-

ences and market views. Such an index is heron forth referred to as the Compound Feed In-

dex. 

 

In order to define the Compound Feed Index it needs to be transparent, meaning it needs to be 

clear to both the hedging party and the counterparty exactly where a price movement in the 

Compound Feed Index is derived from. This is attained by using futures contracts that can be 

monitored separately from the Compound Feed Index. Furthermore, the index needs to corre-

spond to the accurate cash flows of a poultry farmer. In the poultry business the end product 

proceeds are sold every month and hence the poultry business is characterized by a faster 

turnover than for example cattle breeding where the cash flow stream occurs only once a year. 

This, in combination with positive operating margins, make the poultry farmer a more agile 

and progressive farmer and hence this is where new tools for risk management are expected to 

be best received. Based on the calculations by Hushållningssällskapet (2015) we estimate that 

the average poultry farmer could risk approximately 5 % of the cost of the compound feed on 

hedging instruments and still maintain returns of 7,9 %. Our calculations of how the margin 

varies depending on how much is risked are summarized in table 2 where Scenario 4 is esti-

mated to be the most suitable. 
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table 2 

 

5.2 Hedging strategies   

Risk Management is as much about minimizing risk as it is about optimizing risk exposure to 

specific risk preferences. Hence, risk management strategies will differ between animal farm-

ers depending on different risk preferences and desired exposures. Even though, farmers most 

probably are risk averse there are certainly differences between farmers’ willingness to take 

risks in order to receive greater returns. Hence, examples of how risk averse animal farmers 

with different risk preferences and market views could act are discussed in the following sub-

chapters. In the strategies the profit, or market valuation, of their compound feed position is 

considered isolated from the rest of the business. Meaning, only the mark-to-market valuation 

of the compound feed purchases is considered independent of how prices in the end-product 

moves.  

5.2.1 Strategy 1 (current strategy) 

Strategy 1 is considered the risky strategy and it is currently the only strategy available for the 

livestock farmers. In this strategy, the poultry farmer continues with his monthly purchasing 

of compound feed without any downside protection. As compound feed accounts for 61,3 % 

of costs (HIR, 2015) the farmer is essentially long the largest expense, and hence this can be 

defined as a risky purchasing strategy, suitable for a market view that prices will rise. Today, 

the farmer is restricted to this strategy as there are no other feasible options. The profit/loss 

structure for this farmer is captured in figure 8figure 8, where  is the price of compound 

feed when it is purchased, and   is the price of compound feed at the end of the month. Note 

Profitability Poultry Farmer 

(sek / m3)

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

Revenue 338 338 338 338 338

Purchase of chicken -80 -80 -80 -80 -80

Costs, compound feed -185 -185 -185 -185 -185

Costs, variable -26 -26 -26 -26 -26

Costs, labour -11 -11 -11 -11 -11

EBITDA sek / m3 36 36 36 36 36

…margin 10,7% 10,7% 10,7% 10,7% 10,7%

Max net loss hedged position 

as % of feed expenses
0% 1% 3% 5% 10%

New EBITDA sek / m3 36 34,15 30,45 26,75 17,5

…margin 10,7% 10,1% 9,0% 7,9% 5,2%
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here that this is the profit/loss purely from the purchasing strategy treated isolated. The prof-

it/loss is then presented in equation 16. 

 

equation 16 

 

figure 8 

 

5.2.2 Strategy 2  

As explained in chapter 3, the poultry farmer purchases compound feed monthly. If the 

farmer’s market opinion is uncertain, then strategy 1 is not the optimal choice. As the farmer 

is risk averse and has an uncertain market view then the livestock farmer should not mind 

some degree of risk exposure. The suitable strategy for these preferences is to purchase a 

month’s consumption of compound feed and attach a put option on compound feed. This 

would allow the farmer to hedge his long position in compound feed for the month without 

risking more than the option premium if prices were to rise.  

 

Such a strategy with an at-the-money put option would have a profit/loss structure as in figure 

9 and as in equation 17, where  is the price of compound feed when it is purchased,  is the 

price of compound feed at the end of the month, K is the strike price,  is the price of the 

Compound Feed Index at the expiry date (end of the month) and p is the put option premium. 



 28 

equation 17 

 

figure 9 

 

5.2.3 Strategy 3  

The third strategy is applicable for a risk averse poultry farmer with minimal risk willingness. 

From monthly compound feed purchases the farmer gains a long exposure, which could be 

counteracted by selling the same amount of compound feed in futures or in forwards. The net 

exposure would then be zero, assuming the sold forward or future is a perfect hedge, meaning 

that it moves inversely 1:1 with the price of compound feed. This strategy is suitable when the 

livestock farmer’s market view is that prices will fall.  

 

The profit/loss structure is depicted in equation 18 and figure 10 where the price of the fu-

ture at the time of the compound feed purchase and  is the price of the future or forward at 

the end of the month. 

 

equation 18 
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figure 10 

 

6. Data 

This chapter consists of an overview of selected data and how it has been manipulated in or-

der to fit the objective of our thesis.  

6.1 Data collection 

The scope of the thesis is restricted to only concern poultry compound feed. Prices were col-

lected from Lantmannen ek.för. Price data of futures contracts trading on Euronext Futures 

Exchange and the Chicago Board of Trade (CBOT) was collected from a Bloomberg terminal. 

As these futures contracts are easily accessible and traded daily on exchanges, the usage of 

these futures contracts contributes to making the results of the thesis more reliable and more 

easily replicable. In turn, if the cross hedged index is replicable and reliable then so will the 

hedging tools. 

 

As the compound feed is sold in Swedish kronor and all futures contract prices are noted in 

euro and American dollar, they were recalculated into Swedish kronor using the closing cur-
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rency exchange notations for each corresponding trading day. Furthermore, only trading days 

with closing prices was selected, thus holidays etc. were excluded from the data.  

 

As Lantmännen.för.ek. was only able to supply historical prices from October 2013 to April 

2016 it was suspected early on, due to the lack of historical data, that it could be difficult to 

statistically prove that the strategies would have added value to farmers’ hedging in the past. 

However, as this was as the only data available the creation of the Compound Feed Index was 

carried on. 

6.2 Defining the Compound Feed Index Calendar Year 

The end and start date of the Compound Feed Index for each consecutive year was determined 

depending on the availability of historical data of the poultry compound feed prices and the 

availability of futures contracts with the correct expiration. Ultimately, only futures contracts 

with May expiration were chosen as this was the last futures contract available for each crop 

year. Subsequently, the index calendar year was defined as 1
st
 of April to 30

th
 of March. The 

reason for this choice of calendar year is that it minimizes the basis risk as discussed in chap-

ter 4.2.3.  

 

Significant basis risk originates as the crop year in Sweden starts on the 1
st
 of July and ends 

on the 30
th

 of June. During this period animal compound feed is produced with crops from the 

corresponding harvest year. However, the last futures contract available for each consecutive 

harvest year is the contract with May expiration. Hence, if the Compound Feed Index was 

defined on the same calendar year as the harvest year (i.e. 1
st
 of July until 30

th
 of June), the 

futures contract would have had to be rolled over into the following year’s contract with May 

expiration and thus correspond to the following year’s harvest. The rolling over between fu-

tures contracts within the Compound Feed Index calendar year would have been damaging for 

the transparency of the index. Instead, the index’s calendar year was dependent on the availa-

bility of futures contracts. As there is a significant risk of technical trading situations when 

futures contract close before expiry (i.e. as the open interest decreases the risk for extreme 

price movement increase), the final solution was to define the Compound Feed Index year 

from 1
st
 of April to 31

st
 of March, and always base it on next year’s futures contracts with 

May expiration. This does, however, bring enhanced basis risk during April, May and June as 

the futures contracts does not correspond to the same harvest year as the physical  



 31 

commodities in the animal compound feed. However, this is the best possible solution. Table 

3 summarizes the Compound Feed Index calendar year discussion, where the gray colored 

boxes from each harvest year are the ones included in the Compound Feed Index 

 

table 3 

Compound Feed 

Index (derived 

from May expira-

tion contracts on 

Harvest Year 2) 

Apr May June July Aug Sept Oct Nov Dec Jan Feb Mar 

Harvest Year 1 July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June 

Harvest Year 2 July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June 

Basis Risk Big Big Big Small Small Small Small Small Small Small Small Small 

 

6.3 Dependent variable 

After the calendar year of the Compound Feed Index was defined, the corresponding dates for 

the poultry compound feed prices were selected. Moreover, historical data was limited as 

Sweden, apart from many other European countries, does not publish any official compound 

feed prices. Therefore, we relied on Lantmännen.ek.för. for prices on the largest poultry com-

pound feed product. As Lantmännen’s market price includes an inelastic margin this might 

distort the true correlation between the dependent and independent variables. Instead, 

Lantmännen supplied us with replacement prices on the poultry compound feed, which are 

defined as the cost to replace all input commodities in the animal compound feed at a market 

prices. According to Axel Walle (2016) from Lantmännen, this is the most transparent alter-

native to observe the correlation between the value of animal compound feed and the market 

prices of the required input commodities. The replacement prices of the compound feed was 

chosen as the independent variable. Furthermore, to avoid any mistrust in the data, the re-

placement prices were manipulated to correspond to the defined index calendar year, see 

chapter 6.2, table 3.  
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6.4 Independent variables 

By studying the input commodities of compound feed that makes up 70 % of product value, 

the logic is that the major grain futures contract should correlate to grain input commodities in 

the compound feed. Main oilseed futures contract should correlate to oilseed input commodi-

ties and main protein source futures contract should correlate to protein source input commod-

ities. Hence, these futures contracts combined should be acceptable proxies of price fluctua-

tions in the input commodities of compound feed. The future contract for wheat is listed on 

Euronext Futures Exchange and the proxy for physical prices of all grain types in the animal 

compound feed. The futures contract for rapeseed is the proxy for oilseed inputs into animal 

compound feed. Rapeseed meal and soybean meal both are proxies for the protein content of 

animal compound feed. As these futures contracts best represents the inputs commodities of 

the poultry compound feed, i.e. the ingredients of the poultry compound feed, it would ac-

cordingly be the variables that best explain poultry compound feed prices over the defined 

time period.  

 

As a consequence of data shortage in each defined index year, the dependent data was re-

gressed on a manipulated spot/avista prices that rolls over from each year’s May expiration 

futures contract into the following year’s May expiration futures contract on the 31
st
 of 

March, as depicted in figure 11. This gave the regression more samples and hence higher ac-

curacy. The risk with this approach was potentially large spreads between the consecutive 

future contract years, which risk distorting the regression and damaging the results. However, 

the manipulation needed to be done in order to find a relationship between our variables.  

 

figure 11 
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7. Methodology 

This chapter presents the procedure behind the creation of the Compound Feed Index and the 

construction of strategies consisting of options and futures contracts. The chapter contains a 

research method, how non-stationary data was solved by the Vector Error Correction Model 

(VECM) and how pricing of options was made by the use of the Black-Scholes formula. 

7.1 Research Method 

The thesis's main objective requires a transparent price notation to be used as an underlying to 

the tradable hedging instruments, which are used when constructing the strategies. As there is 

no such price notation available today, we needed to construct it. This was done by defining a 

Compound Feed Index that correlated as close as possible with the price of poultry compound 

feed. To design the Compound Feed Index, a quantitative method was used through the data 

program Eviews, which is widely used, and thus it enhances the reliability of our studies. 

7.2 Multivariate Time Series Models  

Economic data such as prices tend to follow a trend, so called time series. This is because the 

current values of economic data are related to past values (Verbeek, 2012). Or as Dougherty 

(2011, p.110) puts it: “Time series data consists of repeated observations through time on the 

same entities, usually with fixed intervals between the observations”.  

 

In short, the chosen data had the characteristics of time series data, and we had to be cautious 

when deciding what regression model to use. The reason for cautiousness is that when per-

forming a regression to find the standard estimations of multivariate time series it is required 

that the data is characterized by stationarity. To demonstrate what is meant by a stationary 

time series process, the AR(1) stationary process is introduced in equation 19 (Dougherty, 

2011).  

 

equation 19 
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The autoregressive model of first order, AR(1), states that the value of a variable instantane-

ously is subject to its foregoing values. The error term, , is said to be IID-independently and 

identically distributed with a zero mean, and a finite variance, (0, ). In short, an autoregres-

sive mode, AR(1), is stationary if the absolute value of the beta coefficient is less than 1, 

| |<1. If it is stationary the value of  will always returns to the mean, zero, moderately 

fast. If, however, the value of the beta coefficient is equal to one, the process is said to be non-

stationary, =1, and the variable, does not return to its mean of zero, see equation 20. 

(Dougherty, 2011) 

 

equation 20 

 

 

Figure 12 illustrates a stationary data prices whereas figure 13 illustrates a nonstationary pro-

cess with random walks. 

 

figure 12 

 

Source: Dougherty, 2011 
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figure 13 

 

Source: Dougherty, 2011 

 

The result of equation 20 is that the value of X in one period is equal to its value in the previ-

ous time period, plus an error term, which acts as a random adjustment and referred to as ran-

dom walk (Dougherty, 2011). 

 

Ultimately, we tested whether our time series were subject to non-stationarity or not. To do so 

we performed the unit root test, which essentially test if the B2-coefficient is equal to 1 or not, 

hence it tests for non-stationary data by the use of an autoregressive model (Dougherty, 

2011). The used unit root test was the augmented Dickey-Fuller test, which also is the most 

commonly used. From the test's outcome we could conclude that our independent variables 

had a unit root on a 5 % significant level, and thus that it was characterized by non-

stationarity, see Appendix 1.  

7.3 Non-stationary data issues 

Since our data were non-stationary the test samples’ (co)variances did not converge to the 

populations’ (co)variances due to the fact that the data time series were not fluctuating around 

a constant mean (Verbeek, 2012). 
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Verbeck (2012 p. 342) illustrates an example of non-stationarity between  and  through 

equation 21 and equation 22.  

 

equation 21 

   

equation 22 

   

 

Here,  and  are IID around the mean 0 and the variance, ., and the error terms are re-

ferred to as a random walk. Thus, a data generating process (DGP) where the variables have 

no relationship should neither indicate a relationship (correlation). Still, when we made use of 

a multiple Ordinary Least Square Regression (OLS), the most used and the least complicated 

regression model (Dougherty, 2011) by the form of equation 23, we found a relationship with 

significant coefficients, and a high -value i.e. the strength of the test was high. 

 

equation 23 

 

 

However, this relationship was false i.e. a spurious regression, which means that the output 

was misleading (Verbeek, 2012). These results were secluded. There is, however, one im-

portant exception when nonstationary variables does not inevitably result in misleading esti-

mating outputs, and that is when the variables are integrated of order one, I(1) and if they 

cointegrate (Verbeek, 2012). Meaning that if the variables are difference-stationary i.e. I(1) 

and if they are cointegrating valid estimators for our Compound Feed Index could be found. 

In short, I(1) variables means that the variables are stationary when taking the first difference, 

which is the returns between two consecutive time periods, equation 24 illustrates this 

(Dougherty, 2011).  

 

equation 24 

 

 

After having differenced the time series variables the unit root test was performed again and 

this time we could conclude that our variables were stationary, and thus they were integrated 

of the first order.  
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7.4 Cointegration 

After having concluded that our time series data was integrated of the first order we tested for 

cointegration between our variables. The logic behind cointegration between two or more 

time series is that though our time series were nonstationary they could be wandering together 

(Dougherty, 2011). In order for this to be possible, the disturbance term, , had to be a sta-

tionary process, otherwise the time series would diverge. More generally expressed by 

Dougherty (2011); if there is a relationship between the variables in equation 25 the disturb-

ance term can then be thought of as measuring the abnormality between the variables of the 

model as in equation 25 and 26. 

 

equation 25 

 

equation 26 

 

 

In other words, if the variables were cointegrated, the disturbance term was stationary and the 

variables had a long term relationship. To test whether our variables were cointegrating a Jo-

hansen cointegration test was performed in Eviews. Ultimately, the result showed that there 

was one cointegrating equation. This finding was then used to find the coefficients of the long 

term relationship between the variables. In order to find the long term relationship, we made 

use of a vector error correction model (VECM).  

7.5 Vector Error Correction Model (VECM) 

The VECM is a form of vector autoregressive models (VAR), which is a model that consists 

of a vector of variables that captures the stochastic/random process that produces the time 

series (Verbeek, 2012). The VECM takes into account any type of cointegration between the 

variables and it allows for time series to be I(1), as in our case. As the Johansen cointegration 

test showed one cointegrating equation we performed a VECM by specifying only one coin-

tegrating equation, see Appendix 4.  

 

In short, the logic behind error correction models is that if a set of variables are cointegrated 

then there should exist an error-correction depiction of the data. For instance, if two variables, 

 and , are I(1) and have a cointegrating vector then it also exits an error-correction repre-
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sentation such as in equation 27 (Verbeek, 2012). In turn, the error correction model describes 

how  and  behaves in the short-run and how they have a long-run cointegrating relation-

ship. 

 

equation 27 

 

 

Further, the VECM adjusts the standard VAR equation 28 and 29 as the VAR does not regard 

elements cointegrated by the first order difference where  represents cointegrating vectors, 

 represents the intercept of each vector, and  is the matrix coefficient. 

 

equation 28 

 

equation 29 

 

 

In general the VECM vectors,  is of k-dimensions (in our case 5 since we have 5 variables) 

where our variables are piled. The elements i.e. the amount of cointegrating vectors are pre-

dicted to be integrated of first order, I(1). Thus, in the VECM there is a set of k I(1) variables 

in where it may be k-1 linearly independent relationships that are I(0) (Verbeek, 2012). 

 

equation 30 

 

 

In equation 30 the matrix is denoted, , where,  is the matrix´s cointegrating vectors and 

where  represents the weights that each cointegrating vector has when entering into each of 

the  equations (Verbeek, 2012). Equation 30 essentially explains the output from the VECM 

in mathematical terms. Ultimately, when the VECM model had been done in Eviews we col-

lected the coefficients of the independent variables, which then were used to define the 

weights of each futures contract in the Compound Feed Index. 
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7.6 Strategies   

In theory any financial instrument with practically any characteristic could be created based 

on the Compound Feed Index. However, in order to restrict the scope of the paper, only the 

proposed strategies for risk management presented in chapter 5.2 have been calculated and 

analyzed. These strategies consist of an assumed physical purchase of compound feed for a 

30-day operation, based on the business’s cash flow cycle as presented in chapter 3.3. 

 

The futures positions included in the proposed strategies were treated as a 1:1 exposure to the 

price fluctuations of the Compound Feed Index within the 30-day expiry period. The options 

were priced using the Black-Scholes formula, recall chapter 4.2.2. The calculations were 

made by using four fixed assumptions: 

 

1. Time: As the poultry farmer’s operation runs for 30 days between compound feed pur-

chases, this was the maturity used for the options. 

2. Volatility: The defined volatility was derived from the Compound Feed Index data se-

ries prior to the start of the index’s year. Calculations were made using excel function-

ality. 

3. Strike price: As the proposed strategies take into consideration what the average poul-

try farmer might pay in premium, this premium derives the strike (by excel solver) and 

not the other way around.  

4. Risk-free rate: The normalized risk-free rate of 2.6 % obtained from PWC (2015). 
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8 Results & Discussion  

This chapter includes the regression results, which ultimately define the Compound Feed In-

dex year 2015/16 and 2016/17. The result is analyzed and discussed in line with its feasibility. 

Finally, the chapter includes the backtesting results of the strategies that were discussed in 

chapter 5.2.  

8.1 Compound Feed Index 2015/16  

Since each index year must be defined on regression results made on historical data prior to 

the index’s starting date, the Compound Feed Index 2015/16 was defined from regression 

results with the time series 2013-10-01 through to 2015-03-28. The specifics behind the re-

gression procedure are treated in chapter 6 and 7. By the use of a vector error correction mod-

el (VECM), all explaining variables were found statistically significant (Appendix 2). 

 

 

or, 

equation 31 

 

 

Equation 31 illustrates the long term relationship between the dependent and independent 

variables that was found through the VECM. Unfortunately, the strength of the test as defined 

by the -value was not high enough to statistically determine a general relationship between 

the futures contracts and the price of compound feed. This result is disappointing as there log-

ically should be a higher correlation since futures prices partly determines the market prices, 

which in turn defines the replacement cost. There can be many reasons for the weak result, 

whereas one of the reasons is a lack of compound feed price data point. However, the main 

reason for the weak strength of the test is believed to be basis risk. The basis risk occurs as the 

price movements in, for example, wheat futures do not equal the price movements in the 
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physical wheat used to produce the compound feed. Meaning that the basis risk is derived 

from using exchange traded futures contracts as cross hedge for physical commodities. This 

basis risk is also believed to be enhanced by the lack of data points in each regression. This as 

the commodities that has a corresponding futures contract does correlate with the futures con-

tract in the long run. But, in the short run the basis might present deviations large enough to 

distort this relationship. The commodities that doesn’t have a corresponding futures contract 

present a small part of the total compound feed value, but evidently the use of futures con-

tracts with other underlying assets are not satisfactory proxies and thus further basis is added. 

Combined, the basis between the commodity inputs, the animal compound feed, and the test-

ed futures contracts is too large to exhibit satisfactory correlation thus affecting the usefulness 

of the Compound Feed Index as a hedging tool. However, if more data had been available, we 

strongly believe that a more general relationship could have been statistically proven.  

 

Apart from basis risk, there is another main reason for the low . This is the difference be-

tween the index year and the crop year. To clarify, when creating the Compound Feed Index 

2015/16 historical price data from futures contracts has been rolled over (combined) to create 

one single data series consisting of futures contracts with May expiration, recall chapter 6.2. 

This practice brings significant error to the future contract data series as the price between the 

two May expiration futures contracts can differ significantly and hence result in a “price gap” 

when the futures contracts are rolled over. This adds unwanted volatility to the data series. 

This error in the data series is then transferred to the Compound Feed Index regression, affect-

ing the  negatively.  

 

Despite the unsatisfactory regression results, we continued with defining the Compound Feed 

Index from the regression results in equation 31 in order to complete the backtesting of the 

strategies proposed in chapter 5.2. The Index was defined as a portfolio in equation 32 where 

the intercept from the regression results is considered a cash position and the beta coefficients 

are translated to the number of futures contracts to be included, where MWF is milling wheat 

futures contracts, SMF is soybean meal futures contracts, RSM is rapeseed meal futures con-

tracts and RF is rapeseed futures contracts. Positive beta coefficients are a long (bought) posi-

tion in the corresponding futures contract and negative beta coefficients are a short (sold) po-

sition in the corresponding futures contract.  

equation 32 
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As the Compound Feed Index is defined using data prior to the index’s starting date, it is pos-

sible to back test the correlation of the Compound Feed Index 2015/16 against the realized 

price of compound feed during the year. This was done by performing a regression of the 

Compound Feed Index 2015/16 to the realized price of compound feed during the year. The 

 coefficient of the backtesting amounts to 0,32 (Appendix 5), which indicates that we are 

not able to statistically signify the relationship between the compound feed price and our 

Compound Feed Index.  

8.2 Compound Feed Index 2016/17 

The Compound Feed Index for 2016/17 is the index for the current year. This index is created 

for Lantmännen ek. för to present to its clients. This index calendar year was created by the 

use of all of our data points i.e. from the time series 2013-10-01 through to 2016-03-28. By 

VECM all explaining variables are statistically significant, except for milling wheat, and the 

 equals 0,34 (Appendix 6). The results define the regression equation 33. 

 

 

or, 

equation 33 

 

 

As with the previous year’s index, the  of the regression in equation 33 is not high enough 

to statistically determine the relationship between the tested futures contracts and the histori-

cal price of animal compound feed. The reasons are the same as with Compound Feed Index 

2015/16. Despite this, the regression is translated into the Compound Feed Index 2016/17 in 

equation 34 using the same portfolio composition as for the previous year’s index. 

 

equation 34 
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8.3 Strategies 

To evaluate the practical efficiency and feasibility of the Compound Feed Index as a hedging 

tool, the strategies presented in chapter 6 were backtested on Compound Feed Index 2015/16. 

More specifically, we tested the historical usage of strategy 2 and 3 compared to the currently 

used strategy 1. As the correlation between the Compound Feed Index 2016/17 and the yet to 

come animal compound feed prices only Compound Feed Index 2015/16 could be used to 

backtest the strategies.  

 

The aim with the backtesting was to best replicate how these strategies would have been used 

in real life by the livestock farmer. As the strategies are all considered for risk averse poultry 

farmers the choice of strategy for every month's business cycle might differ depending on the 

market view. In the backtesting we have assumed that the livestock farmer chooses the same 

strategy each month of the business cycle. This partly counteracts the aim of the backtesting, 

but it is the best practice when trying to display deviations in efficiency between the different 

strategies. It should be emphasized that the strategies were only tested for one index-year, 

restricted, because of lacking data availability, and hence the results are not a complete repre-

sentation of the true efficiency of the Compound Feed Index as a hedging tool. Once again the 

scope of the research was restricted due to the availability of historical data. 

 

The backtesting results showed that strategy 2 and strategy 3 would have performed better 

than the currently used strategy 1 in terms of profit/loss. The poultry farmer that followed 

strategy 1 the entire index year 2015/16 would have had a profit/loss of -494 SEK per ton 

animal compound feed (Appendix 6). The poultry farmer using strategy 2 and strategy 3 

would have a profit/loss of 164 and 474 SEK per ton animal compound feed respectively 

(Appendix 8). Hence, we can conclude that strategy 2 yielded an excess return of 659 SEK 

per ton of animal compound feed over the currently used strategy 1. Using the same logic, 

strategy 3 yielded an excess return of 968 SEK per ton animal compound feed.  

 

However, to achieve satisfactory hedging contribution, the variance of the returns should be 

minimized as it is intended for the put option in strategy 2 and the short future in strategy 3 to 

counteract price movements in the animal compound feed. Unfortunately the backtesting of 

strategy 2 and strategy 3 doesn’t exhibit this characteristics and the volatility is in fact higher 

when using strategy 2 or strategy 3 than the currently practiced strategy 1 (Appendix 6, 7, 8). 
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Hence, we cannot determine the usefulness of the Animal Compound Feed as a hedging tool 

based on the results from backtesting of the proposed strategy. But, it is shown that by using 

these strategies, the poultry farmer would have been better off. It is a returning fact that since 

the market is inefficient there are only limited historical data available to create the Com-

pound Feed Index. In order to be useful in the future as a hedging instrument, a longer time 

frame of the index would be essential. In terms of risk attitude, reviewed in chapter 4.3.2, the 

probability that risk averse poultry farmers would choose strategy 2 or 3 are minimal. Also, in 

terms of poultry farmers risk perception the results do not give any further certainty in poultry 

farmers’ profitability i.e. the threshold effect heuristics. 

 

9. Conclusion 

Considering the lacking hedging efficiency results in the backtesting of proposed strategies 

based on the Compound Feed Index 2015/16, the usefulness of a Compound Feed Index as 

hedging tool on animal compound feed cannot be proven. There are two main reasons for the 

disappointing results.  

 

1. Basis risk 

2. Oligopoly resulting in the absence of a transparent market for animal compound feed 

leading to limited data availability 

 

The basis risk is significant and largely damaging to the results of the regression testing. 

However, the largest issue in the regression testing of the Compound Feed Index is believed 

to be that prices are updated only every 2 weeks, resulting in that not all market movements 

are included in the regression. The replacement prices are updated every two weeks and they 

are the only prices available. This is evidence of the low transparency in the Swedish animal 

compound feed market. The market prices are neither available for third parties, nor officially 

presented by Lantmännen, which results in significant price differences between geography 

and livestock farmers. Ultimately, this is a result from the Oligopoly market structure of the 

Swedish animal compound feed industry. Conclusively, there is no general statistically proven 

correlation as there is no public market and hence no suitable prices to test against.  

Yet, as the Compound Feed Index consists of a mix of futures contracts trading on exchanges, 

it is transparent enough to be presented to livestock farmers and accessible enough for 
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Lantmännen ek.för to hedge counterparty risks directly on the futures exchange. However, we 

conclude that the Swedish Compound feed market needs to become more transparent and ef-

ficient in order for a hedging tool such as the Compound Feed Index to be successfully creat-

ed and introduced. We strongly believe that such an index should increase the transparency of 

the market further but the latter needs to come before the first. If the market becomes more 

transparent, risk averse poultry farmers could enhance their threshold effect and make their 

profitability more certain in the future. Nevertheless, since the index is highly transparent and 

easily replicated through the method presented in this thesis a study similar to this could easi-

ly be recreated when the compound feed market becomes more transparent. 

 

10. Suggestions for future studies 

Suggestions for futures studies are also dependent on the availability of data, and the need for 

a more efficient market. Our hope is that this thesis can contribute to a more efficient market. 

In future studies, it would be of interest to explain the oligopoly situation in the compound 

feed market. This in order to clarify in what ways this affects the market and how it can be 

made more transparent. Essentially, a study purely about the Swedish compound farmers and 

their situation aiming to give advice for how it can be improved would contribute to a more 

efficient market.  

 

If the market should become more transparent, the method in this thesis could be replicated 

with larger and more reliable time series. Most likely such a replication would result in a 

higher  and thus a statistical relationship between the futures contracts and the price of 

compound feed could be determined. Furthermore, this would in turn facilitate the creation of 

a Compound Feed Index such a presented in this thesis. Once the Compound Feed Index can 

be statistically determined hedging instruments such as futures and options can be easily cre-

ated.  

 

Other futures studies within this area that would be of interest are to include more compound 

feed products than poultry. Even though, poultry farmers are, as mentioned, the type of farmer 

where strategies like this would have the biggest impact, it would be of interest to see if other 

compound feed products such as cow could be hedged more efficiently. Also, futures studies 
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could test different time frames of the options and futures contract to see if different lengths 

of contracts could be efficient strategies.  

 

Hopefully, this study and other studies will help to enable the transparency in the Swedish 

livestock breeding market. Because, when it does it will open up for a range of different re-

search topics that will be able to conclude and contribute to the usefulness of different hedg-

ing strategies for livestock farmers in Sweden.   
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