
WISEflow
Europe/Oslo(CET)

14 Dec 2020

FIN11 Trading and Market

Microstructure
Term paper

Norges Handelshøyskole

Start date: 2020-11-03 09:00 AM

End date: 2020-12-14 02:15 PM

Examination type: Term paper (70%)

Term: 2020 12

Assessment type: Norwegian 6-point scale (A-F)

SIS Code: 191 FIN11 1 O3 2020 12

Internal assessor: (Anonymised)

Predefined Information

Candidate No.: 110003

Participant

Group name:

Group number:

Other members:

(Anonymised)

2

110050, 110009, 110031

Group



 

 

  
HEDGING WEATHER RISK 
WITH OPTIONS 
FIN11 Exam Paper Fall 2020  
 

 

Candidates: 110031, 110003, 110050, 110009 
Words: 6406 



  Candidates: 110031, 110003, 110050, 110009   

 
1 

Executive summary 

Weather derivatives are used to hedge against weather-related financial losses in various 

industries worldwide, but this strategy is not employed in Norway to any significant extent 

(Benth, 2020). Therefore, we have investigated whether Scandinavia’s largest waterpark, Bø 

Sommarland, could reduce its revenue volatility by hedging with precipitation call options. To 

investigate whether this option actually is of any relevance, we have (1) researched the 

weather derivatives market, and (2) created precipitation call options using the McIntyre 

pricing model. Furthermore, we have evaluated the potential of a Norwegian weather 

derivatives market. 

We find that a hedging strategy based on a precipitation call option could benefit Bø 

Sommarland, but the positive effect on risk-adjusted returns is relatively small. Despite 

having a functioning weather derivatives market in the United States to imitate and potential 

benefits of hedging with weather derivatives, we conclude that it is difficult to get this market 

going in Norway. Significant obstacles include insufficiencies with the weather station 

network combined with Norway's varying topography, uncertainty regarding the pricing of 

weather options, and lack of incentives to use this market. 
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Introduction 

«It has rained over 200% more than usual in June, hence the reduced profits" (Hanstad, 2012). 

This paraphrased quote was uttered by Bernt-Gunnar Berntsen, CEO of Bø Sommarland, after 

experiencing significantly reduced customer traffic compared to previous years. In 2005, the 

Chicago Mercantile Exchange (CME) estimated that nearly 70% of U.S. companies are 

affected by adverse weather conditions to different extents, and it is reasonable to assume that 

similar percentages could apply in other countries (Alexandridis & Zapranis, 2013). Weather 

derivatives are used to hedge against weather-related losses in various industries worldwide, 

but this strategy has not been employed in Norway to any significant extent (Benth, 2020). To 

investigate whether such a market could function in Norway, this thesis outlines the weather 

derivatives market's microstructure and investigates whether a Norwegian company could 

reduce its revenue volatility by hedging with precipitation call options. Scandinavia’s largest 

waterpark, Bø Sommarland, will serve as our case company. 

The paper is structured in two parts. Part 1 introduces the weather derivate market 

microstructure. This part aims to present the market participants and explain the essential 

characteristics specific to the weather derivatives market. Additionally, it outlines the 

purchasing process of a weather option. Part 2 investigates whether Bø Sommarland could 

reduce their revenue volatility with precipitation call options. We do this by creating a such an 

option and analyzing its effect on revenue volatility. We present our findings and disclose 

relevant limitations to the analysis. Lastly, we reflect upon the potential of a Norwegian 

weather derivatives market and provide a conclusion.  

We have contacted various organizations and entities that have provided essential insights and 

data in our endeavor to acquire information. The CEO of Bø Sommarland’s competitor 

Hunderfossen suggested using Bø Sommarland as a case subject, as he claimed the business is 

highly exposed to rainfall. CFO of Bø Sommarland, Iver Fyksen, then provided financial data 

for Bø Sommarland. We also corresponded with The Norwegian Meteorological Institute 

regarding weather station maintenance, data recording methods, and the topographical effects 

on precipitation. Additionally, we have consulted with Fred Espen Benth, a professor in 

financial mathematics from UiO. He specializes in mathematical finance in energy markets 

and is the author of Modeling and Pricing in Financial Markets for Weather Derivatives. 

Benth provided insight into the structure of the weather derivatives market on the CME. 

Transcripts are provided in the appendix.  
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Part 1: Weather Derivatives 

The purpose of part 1 is to introduce the weather derivatives market. Part 1 has the following 

structure. Firstly, the emergence of the weather derivatives market will be presented. 

Secondly, the market participants and their motives will be explained. Thirdly, traditional 

methods used instead of weather derivatives will be examined. Afterward, the weather index 

concept will be explained, and examples of such indices will be presented. Lastly, important 

terminology and features of precipitation call options will be provided in preparation for the 

Bø Sommarland case.  

The Emergence of the Weather Derivatives Market 

The first weather derivative was constructed in 1996, and these financial instruments began 

modestly trading over the counter (OTC) in the following years (Weather Risk Management 

Association, 2020). The Chicago Mercantile Exchange introduced the first exchange-traded 

weather futures and options in 1999 (Akhilesh, 2019). Since its inception in the late 1990s, 

the weather derivatives market has grown substantially. The market's growth has mainly been 

in the United States, while Europe's development has been slower. Participants in this market 

represent various industries, and the CME is the world's largest weather derivative exchange. 

Today, the weather derivatives market predominantly consists of temperature-based contracts, 

which account for more than 80% of all weather trading (Alexandridis & Zapranis, 2013). 

However, there are products designed for other weather conditions such as wind, 

precipitation, and snow. Currently, the CME provides temperature indices for seven major 

U.S. cities, Amsterdam, London, and Tokyo. Indices for Oslo have been available in the past.  

Market Participants 

The primary market refers to the opening transaction of a weather derivative, while 

subsequent transactions are referred to as the secondary market. In the primary market, the 

buy-side is represented by a hedger, and the sell-side is represented by the party that writes 

the derivative. For the subsequent discussion, the option-writer will be referred to as an 

investor. In addition, a clearing broker and an exchange are usually included to facilitate the 

transaction (Jones, 2007). A description of the hedgers and investors and their motives for 

using weather derivatives will be conducted. 
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Hedgers 

In the weather derivatives market, the hedger is the party whose revenue is affected by 

adverse weather conditions (Alexandridis & Zapranis, 2013). The hedger's income can be 

influenced because the weather affects the production process or because it changes consumer 

demand. According to the Weather Risk Management Association (2020), industries affected 

by weather include agriculture, construction, energy production, retail, and recreation. For 

example, farmers can purchase precipitation options to hedge against drought, and amusement 

parks could use them to hedge against low customer traffic in periods with high precipitation. 

Conditions favorable to one hedger could be detrimental to another, because of the weathers 

offsetting nature. 

A weather option-based hedging strategy involves purchasing options that yield a profit if the 

weather conditions that reduce the revenues occur (Alexandridis & Zapranis, 2013). 

Effectively, the precipitation options can compensate the hedger for some of the losses 

incurred because of adverse weather conditions. With this strategy, the revenues are reduced 

slightly in periods of favorable precipitation levels because of the cost of acquiring the 

options. However, the losses can be reduced significantly in periods with unfavorable 

precipitation when the options can be exercised. A major benefit of this strategy is that it 

could result in a more stable and predictable income flow, potentially improving operational 

planning and making the business more efficient (Haugan & Rasmussen, 2019).  

Investors 

In the primary market, the hedger's counterparty in a weather derivative transaction is an 

investor. When a hedger and an investor decide to conduct a weather derivative transaction, 

the hedger's weather-related risk is transferred to the investor. Examples of investors include 

large banks, insurance companies, hedge funds, proprietary traders, and individual investors 

(Alexandridis & Zapranis, 2013).  

There are two important reasons why certain investors are attracted to the weather derivatives 

market, specifically. Firstly, weather derivative payoffs are generally uncorrelated with other 

kinds of investments (Jewson & Brix, 2005). This may be favorable because investors can 

issue weather derivatives without increasing the overall company risk significantly. 

Additionally, the low correlation between the return on weather derivatives and other 

securities can make them useful for portfolio diversification (Edelweiss Group, 2020). 

Secondly, a portfolio of weather derivatives can be low-risk because of weather contracts' 
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potentially offsetting nature (Jewson & Brix, 2005). According to Jewson and Brix (2005), 

the weather derivatives market would ideally consist of hedgers collectively hedging against 

equal and opposite amounts of each weather-related risk. If this is the case, investors could 

effectively transfer risk between hedgers and have limited risk exposure. 

Traditional Methods for Hedging Weather-Related Risks 

Despite the potential benefits of a weather option-based hedging method, most businesses 

adopt other alternatives for decreasing revenue volatility. A more common choice for hedging 

weather-related risk is insurance, which serves some of the same purposes as an option 

(McDonald, 2013). The insured pays an insurance premium, and the insurer is obligated to 

pay compensation should the conditions covered in the insurance policy occur. Otherwise, 

insurance holds no value. An essential distinction between insurance and precipitation options 

is that insurance usually protects the ensured against less probable events, while options are 

better equipped to compensate for smaller and more frequent losses (Alexandridis & Zapranis, 

2013). Also, precipitation options require less effort from the claimant when claiming the 

compensation itself because there is no possible claims dispute and no requirement for 

proving the loss (Coriolis Capital Limited, 2020). Furthermore, businesses who can diversify 

their product usually ensure that they have income sources that are not weather dependent. 

For instance, Hunderfossen Amusement park in Lillehammer circumvents the problems 

associated with periods of high precipitation by including indoor activities in their product. 

Lastly, surveys conducted by hospitality and tourism management professors SooCheong 

Jang and Chun-Hung Tang at Purdue University found a "lack of awareness and expertise" 

regarding weather derivatives in general (Haugan & Rasmussen, 2019).  

Purchasing Process in the Primary Market 

Weather derivative transactions are OTC transactions. This means that they are unlisted 

securities traded in a decentralized market, implying a more complex trading-process for the 

hedger. According to the Weather Risk Management Association (2020), a retail or recreation 

company that wants to hedge weather-induced revenue volatility with a weather option must 

go through the following process.  

First, it must identify a correlation between low-revenue days and a specific weather 

condition measured at a particular weather station. Then it must quantify the weather risk by 

estimating the relationship between marginal financial losses and a numeric deviation from a 

weather index based on that station's measurements. This relationship determines the option's 
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tick-size, θ. Afterward, it must select the portion of the weather risk it wants to hedge and a 

maximum payout representing the worst-case scenario. Websites like WeatherXchange.com 

(2020) allow hedgers to send pricing requests to multiple option writers. 

Although the hedger in principle can contact a risk-taker directly, it is more favorable to do so 

through a specialized broker. The broker then connects the hedger with an option writer. It is 

also common practice for specialized brokers to provide advice in the structuring of the 

contract. Like any other transaction, both parties in this type of OTC transaction assume 

counterparty risk (Mitchell, 2020). Therefore, both the hedger and risk-taker benefits from 

mitigating counterparty risk by clearing the transaction through a clearing agency established 

by an exchange. For weather derivatives, the CME provides this service through its 

clearinghouse, CME Clearing (CME Group, 2020). By acting as an intermediary through its 

clearinghouse, the CME becomes the buyer to the seller and the seller to the buyer, thereby 

guaranteeing settlement. 

To trade through the CME, the hedger must conduct a block trade (CME Group, 2020). A 

block trade is a privately negotiated transaction executed via brokers (Corporate Finance 

Institute, 2020). When the parties agree to the transaction, the broker reports to CME 

Clearing, which then clears the transaction (CME Group, 2009). Eligible CME clearing 

brokers are licensed and specialized in the weather derivatives market. These weather 

derivative block trades usually have a minimum block threshold and a specified reporting 

window, which currently are twenty contracts and fifteen minutes, respectively (CME Group, 

2020). The transaction process is shown in figure 1. 

Figure 1: Purchasing process. 
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An important note is that purchasing weather options through the CME requires the option to 

be based on an underlying weather index currently listed on the exchange. Since the CME 

currently only lists temperature indices, other weather derivatives cannot be traded through 

the CME. This implies that traders who trade derivatives based on indices not listed on the 

CME cannot clear the transaction through the CME. This increases the counterparty risk, 

likely attaching a higher premium to the transaction (Murphy, 2019). 

Considerations for Risk Managers 

Weather risk is unique because it is highly localized, uncontrollable, and not precisely 

predictable despite advances in meteorological science. These limitations to weather contracts 

give risk managers implications on both sides of the transaction (Alexandridis & Zapranis, 

2013). According to Manfredo and Richards (2009), risk managers face basis risk and 

geographical spatial risk. 

Basis risk is the risk of a discrepancy between income-loss due to weather events and payoff. 

Since the payoff of a weather option depends on a weather index and not the money lost due 

to unfavorable weather, it is unlikely that the payoff will exactly compensate the loss (Jewson 

& Brix, 2005). With a high correlation between income-loss and unfavorable weather, basis 

risk decreases. Spatial risk is geographical and is the difference between the weather 

measured at the weather station for the underlying index and the actual weather at the hedger's 

location. In correspondence with Hildegunn Nygård (2020), from the Norwegian 

Meteorological Institute, we found that spatial risk is particularly relevant in countries with 

varying topography because this causes weather conditions to be more localized. 

Weather Indices 

Weather is an untradable asset. Therefore, weather derivatives use weather indices as the 

underlying. Weather indices function as a method for quantifying weather conditions, which 

enables ascribing monetary value. Because different types of hedgers are exposed to different 

weather-related risks, there is a need for different weather indices. Both weather indices 

covering different weather conditions and variations of indices within the same weather 

category are needed. Currently, only temperature-related indices are offered on the CME, but 

considering this paper focuses on hedging with precipitation options, both temperature and 

precipitation indices are presented below.  

HDD/CDD: Heating and cooling degree day indices measure how much the daily average 

temperature (DAT) deviates from a base temperature. According to Alexandridis and 
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Zapranis (2013) the DAT is the average of the temperature high and low on a given day, 

usually 65F in the U.S. and Canada and 18C in Europe (Weather.gov, 2020). These indices 

are designed to quantify energy demand for buildings' heating and cooling. They are currently 

listed on CME's weather product slate for 7 U.S. cities, Amsterdam, and London (CME 

Group, 2020).  

𝐻𝐷𝐷 =  ∫ max(18 − 𝑇(𝑖), 0) 𝑑𝑖
𝑑2

𝑑1
  𝐶𝐷𝐷 =  ∫ max(𝑇(𝑖) −  18,0) 𝑑𝑖

𝑑2

𝑑1
 

ARD: An accumulated rainy days index measures the sum of rainy days, R.D., over a period. 

According to Coriolis Capital Limited (2020), the daily precipitation threshold for what is 

considered a rainy day is 3mm. Other sources accept user-specified thresholds 

(WeatherXChange, 2020).  

𝐴𝑅𝐷 =  ∑ 𝑅𝐷𝑖

𝑛

𝑖=1

 , 𝑤ℎ𝑒𝑟𝑒 {
𝑅𝐷𝑖 = 0,   𝑖𝑓 𝑑𝑎𝑖𝑙𝑦 𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 ≥ 3𝑚𝑚

 
𝑅𝐷𝑖 = 1,   𝑖𝑓 𝑑𝑎𝑖𝑙𝑦 𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 < 3𝑚𝑚

 

C.R.: A cumulative rainfall index measures the accumulated daily precipitation, Ri, during a 

specified period (d1, dn). This index was previously offered on the CME, and the precipitation 

was measured in inches. The precipitation call option for Bø Sommarland will be based on 

this index. 

𝐶𝑅 =  ∑ 𝑅𝑖

𝑑𝑛

𝑖=𝑑1
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Precipitation Options 

 In preparation for the Bø Sommarland case, it is necessary to explain the precipitation 

option's characteristics.   

 

An option contract provides the buyer with the right, but not the obligation, to buy or sell an 

underlying asset at a predetermined price in the future (McDonald, 2013) .The predetermined 

price is referred to as the strike price. The option buyer will exercise the option depending on 

how the underlying asset's value develops relative to the strike price. The option writer is 

obligated to accommodate the buyer's choice, and therefore requires compensation for being 

in a disadvantageous position. This compensation is called the option premium (McDonald, 

2013). An important distinction between a precipitation option and conventional options is 

that the underlying asset, precipitation, cannot be traded. Followingly, the value of a 

precipitation option is derived from a precipitation index, and the strike price is substituted 

with a strike level, K. Aside from this, the options work the same.  

The option created in part 2 is a European-style call option. Call options provide the purchaser 

with the right to buy the underlying precipitation index at the strike. European-style options 

only enable exercising the option at expiration (CME Group, 2020).  

Type Call options provides the right to buy. Put options provide the right to sell. 

Exercise The hedger exercises its right to buy or sell the underlying asset.

Exercise style American-, Bermuda-, European-Style. European options can only be exercised at expiration.

Expiration/ Maturity Date and time when the option contract expires.

Strike Level, K Predetermined level at which the option can be exercised.

Premium Price of the option and compensation to the option writer.

Risk-Free Rate Interest rate in a risk-free account, e.g. savings account or government bonds.

Underlying Asset The asset upon which the option's price is based. Weather derivatives uses weather indices.

Index Value Value of the index, e.g. mm of precipitation, average wind speed or average temperature. 

Tick size, θ Marginal monetary value of the difference between index value and strike level. 

Payoff Purchasers yield from the option should it be exercised. 

Profit Purchaser/Hedger: Payoff - Future Value of Premium, Writer: Future Value of Premium - Payoff.

Maximum Payout Upper limit for option payoff, determined by the hedgers worst case scenario. 

Weather Station Provides weather data for creating the weather index. 

Terminology

Table 1: Terminology. 



  Candidates: 110031, 110003, 110050, 110009   

 
11 

Part 2: Creating a Precipitation Call Option for Bø 

Sommarland 

Introduction 

The purpose of part 2 of the paper is to investigate whether a Norwegian weather-exposed 

company could employ a hedging strategy involving precipitation options to reduce revenue 

volatility. Part 2 has the following structure. Firstly, we will explain the reason for choosing 

Bø Sommarland as the case subject. Secondly, the selected methodology regarding the 

precipitation index and pricing model is presented. Thirdly, we will present precipitation data 

and operating income for Bø Sommarland. Afterward, findings will be presented. The 

findings include a regression analysis of the relationship between precipitation and revenues 

for Bø Sommarland, and how the McIntyre pricing method has been used to price the 

precipitation call option. Lastly, a disclosure of relevant limitations regarding the case is 

provided.  

Choice of Case Subject 

We contacted several companies, which we thought could be affected financially by adverse 

weather conditions, searching for a suitable subject company for our case. Various golf clubs, 

the Fløien Folkeresturant, and the Norwegian Ice Cream Truck were contacted with little 

success before we decided to direct our attention towards amusement parks. After 

communicating with the CFO of Tusenfryd and the CEO of Hunderfossen, two of Norway's 

most famous amusement parks, it became clear that Bø Sommarland would be a suitable 

choice. Hunderfossen's CEO stated during a phone conversation that "Bø Sommarland's 

revenues probably plummet like a rock by the first drop of rain" (Høstmælingen, 2020). 

Tusenfryd's CFO, who is also the CFO of Bø Sommarland, also admitted in an e-mail that Bø 

Sommarland's product is a lot more sensitive to adverse weather conditions than Tusenfryd's 

product (Fyksen, 2020). 

Methodology 

Precipitation Index 

In the absence of Norwegian precipitation indices, we have created a cumulative rainfall 

(C.R.) index specifically for the Bø Sommarland area. This index will function as the base for 

the precipitation call option.  
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The 𝐶𝑅̅̅ ̅̅
𝑌 index is based on the C.R. index presented in part 1. However, we have added a 

component to the equation allowing us to calculate the average cumulative seasonal 

precipitation based on observations dating back to 1969. The precipitation indices previously 

listed on the CME were based on precipitation measured in inches, but we will use the metric 

system instead to accommodate the Norwegian market. The average cumulative rainfall will 

be measured as seasonal precipitation between June 7th (d1) and August 15th (dm) in each year 

since 1969. These dates are the opening and closing dates for Bø Sommarland.  

𝐶𝑅̅̅ ̅̅
𝑌 =  

1

𝑛
∗ ∑ ∑ 𝑅𝑡𝑑

𝑑𝑚

𝑑1

𝑡𝑛

𝑡1

 

 

Weather stations may fail to record weather because of break downs, problems with the GSM 

network, station replacement or termination, maintenance, and during troubleshooting 

(Nygård, 2020). Having a complete dataset is integral for creating a functioning index. 

Alexandridis' and Zapranis' method (2013) for filling missing datapoints is illustrated below, 

and is used for this purpose in the analysis. The method assumes that replacing missing 

datapoints with the average value from the seven preceding and following days is sufficiently 

accurate. Basing an index on data from multiple weather stations within proximity to the 

hedger might limit the loss of datapoints, hence making the index's database more robust.  

 

𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑑,𝑎𝑣𝑔 =
∑ 𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑑−𝑗 + ∑ 𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑑+𝑗  7

𝑗=1  7
𝑗=1

14
 

 

Table 2: Notation. 
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To limit spatial risk, it is necessary to collect data from weather stations within a reasonable 

distance from Bø Sommarland. The Norwegian topography makes weather, and especially 

precipitation, highly localized. Even small geographical distances between the hedger and the 

weather station can cause the station to record different weather conditions than what the 

hedger is experiencing. Spatial risk must be accounted for to avoid errors in the hedging 

strategy and the derivative valuation process (Alexandridis & Zapranis, 2013). 

McIntyre Pricing Model 

In contrast to temperature, which is relatively predictable because of seasonal regularities, 

precipitation occurs more irregularly. Difficulties with developing a mathematical model that 

can estimate precipitation at a specific location accurately are the main reasons why it is 

complicated to price precipitation derivatives. Resultingly, there is no particular standard 

pricing model for precipitation derivatives. Pricing uncertainty introduces increased risk for 

both parties in the contract, resulting in higher premiums.  

Although there is no standard pricing model for precipitation derivatives, a wide selection of 

methods exists. Methods for pricing precipitation options include the indifference pricing 

method by Xu, et al. (2008), Monte Carlo simulations, modified versions of the Black-Scholes 

method, and the McIntyre pricing method as used by Leggio (2007). The traditional Black-

Scholes option pricing method is commonly used for pricing options based on a tradable 

underlying asset. However, it falls short when pricing weather derivatives because of the 

untradable underlying. 

This research paper will use the McIntyre  pricing method to exemplify whether a Norwegian 

business can use precipitation derivatives to their advantage. We chose this model because of 

its analytical simplicity and because it is mathematically intuitive. However, it might not be as 

accurate as other more complex pricing models because it accounts for less factors (Leggio, 

2007). The McIntyre pricing model assumes that precipitation over time follows a normal 

distribution, and is based on a closed form solution derived to describe the fair value of a 

derivative (McIntyre, 1999). The model follows the equation illustrated below.  

 

𝑊𝐶 = 𝜑(𝑚 − 𝐾)𝑁 (
𝜑(𝑚 − 𝐾)

σ
) + 𝜎2𝑃(𝐾) 
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To illustrate the different risk-profiles Bø Sommarland might have, the strike level will be set 

at four different values. From the purchaser's perspective, the risk will be the lowest when the 

strike level is set close to the mean precipitation. When the deviation between the strike and 

the mean increases, so does the purchaser's risk. From the writer's perspective, the risk 

changes in the opposite direction. Hence, the premium increases when the strike level is set 

closer to the mean precipitation. Using different strike levels will also illustrate how the 

hedging strategy's costs and effect change relative to the strike level.  

The payout from the precipitation option would add to Bø Sommarland's revenues as 

described in the following equation. We have not accounted for opportunity costs. 

𝑅 =  𝑆𝑅 −  𝑊𝐶 +  𝑌 

 

In table 4, Y is the product of the tick-size, θ, and the difference between the index value 

(actual precipitation in mm) and the strike level. The tick-size is the monetary value for each 

increment the index value exceeds the strike level. The option purchaser earns a profit if the 

payoff is larger than the future value of the premium. It is important to note that volatility in 

the McIntyre method is based on the price-maker's estimates of the option's real volatility. 

Table 3: Notation. 

Table 4: Notation. 
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Therefore, it might be a partially subjective input. Implied volatility thus corresponds to the 

premium. 

Data 

Precipitation 

The precipitation data is collected from the Norwegian Meteorological Institute's website, 

seklima.no. We found three weather stations measuring daily precipitation within 8.2 

kilometers from Bø Sommarland: Bø, Lifjell, and Gvarv. Despite all stations having missing 

data, we were able to create a complete precipitation dataset using Alexandridis' and Zapranis' 

± seven days average formula and by collecting data from all three stations.  

We will examine the precipitation during the following three intervals: 1969-2019, 1998-

2019, and 2010-2019. The precipitation data from the first interval will be the basis of the 

cumulative rainfall index, and the data from the last two intervals will be used in the 

regression analysis. The precipitation data in the interval 2010-2019 is measured during the 

opening hours of Bø Sommarland, as recommended by the Weather Risk Management 

Association (2020). Table 5 includes descriptive statistics of the precipitation data for each 

interval. The purpose of the table is to demonstrate how precipitation varies in each interval. 

 

From table 5, we observe that all intervals have skewness that is approximately symmetric. 

When looking at kurtosis, there is a bigger difference. The Kurtosis can be described as 

platykurtic, meaning that the excess kurtosis is lower than 0, as shown in the descriptive 

statistics. This means that the precipitation data have thinner tails than a normal distribution. 

Followingly, this means there are less extreme positive or negative events for lower values of 

excess kurtosis.  

Table 5: Descriptive precipitation statistics. 
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Figure 2 shows seasonal precipitation from 1969-2019 with the black line and precipitation 

during opening hours from 2010-2019 with the blue line. Because the McIntyre pricing model 

assumes that precipitation follows a normal distribution, we ran a Shapiro Wilk test on the 

precipitation data from the interval between 1969-2019 to confirm if this assumption holds. 

The Shapiro Wilk test for normality on the precipitation data was accepted at a 5% level, with 

test statistics of 0.98496 and a p-value of 0.7797. This indicates that the precipitation data 

follows a normal distribution, enabling us to use the McIntyre pricing model.  

The Shapiro Wilk test has been run for the other intervals as well, yielding similar results. 

Figure 3 shows the QQ-plot for the seasonal precipitation, further strengthening the case of a 

normal distribution.  

Figure 2: Seasonal Precipitation. 
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Financial Data 

We were provided with data on Bø Sommarland's monthly operating income from 2008-2019 

from Iver Fyksen, CFO of Bø Sommarland, and collected annual data dating back to 1998 

from proff.no.  

Descriptive statistics for the operating income from 2008-2019 is shown in figure 4. The 

mean operating income is approximately 43.5 million NOK, with a corresponding standard 

Figure 3: Q-Q Plot, Seasonal Precipitation. 

Figure 4: Seasonal Operating Income 2008-2019. 
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deviation of 6.9 Million NOK. The minimum operating income is 30.3 million NOK, and the 

maximum operating income is 58.1 Million NOK. 

The annual operating income for Bø Sommarland is equal to the seasonal numbers because 

the waterpark is only open during the summer season, from June 7th to August 15th. Therefore, 

the annual operating income from proff.no is used in the interval 1998-2007, and the data 

received from Bø Sommarland's CFO in the interval between 2008-2019. The descriptive 

statistics for the annual operating income are shown in figure 5. There is a large spread from 

maximum operating income of 58.1 million NOK and minimum operating income of 30.4 

million NOK, with a corresponding standard deviation of 6.5 million NOK.  

Findings 

Regression 

Using a precipitation option will only reduce revenue volatility if there is a correlation 

between precipitation and revenues. Therefore, it is necessary to confirm whether such a 

relationship exists or not. We found a linear regression model to be suitable and conducted a 

linear regression on the historical precipitation data in two different models. The purpose for 

testing two regression models is to determine which one is the most suitable. 

Figure 5: Annual Operating Income 1998-2019. 
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1. Seasonal revenue and rain during the opening hours + 1 hour (before opening/after 

closing) for the season. (2010-2019) 

2. Seasonal revenue and seasonal mean precipitation (1998-2019) 

 

Table 6 shows that precipitation has significant effect on revenues at a 5% significance level. 

However, there is a clear difference in the variance explained by the different models. The R-

Squared is 0,415 in model 1 and 0,224 in model 2.  

The Weather Risk Management Association (2020) states that an hourly-based index fits 

businesses in the recreational sector, such as Bø Sommarland. Therefore, it could have been 

appropriate to use model 1. However, our dataset would not provide enough datapoints to 

base the pricing model on. For that reason, the second regression model is used in the pricing 

model because hourly precipitation data from 2010 and later are severely lacking. Model 2 

shows a statistical significance and is based on more observations, making it more suitable 

despite the explained variance being lower than with model 1. From figure 6 below, we can 

observe the how revenue and precipitation changes over the years from 1998 to 2019.  

Figure 6: Precipitations and Revenue. 

Table 6: Regression models. 



  Candidates: 110031, 110003, 110050, 110009   

 
20 

Pricing Using McIntyre  

In our analysis, we have set the four strike levels at µ, µ+0.5, µ+σ, and µ+2σ. The purpose is 

to illustrate the trade-off between the level of risk a business owner wishes to hedge and the 

premium. The regression on seasonal revenue (1998-2019) shows that for each mm of 

precipitation, Bø Sommarland's revenues are reduced by NOK 39 091. Therefore, this number 

is used as the tick-size, θ. Furthermore, we assume that the option has to be bought between 

summer-seasons to adjust the index, and that the expiration date would be on August 15th. The 

purchaser's risk is limited to the premium payment, and the writer's risk is essentially limitless 

(McDonald, 2013). Thus, weather options usually include a maximum payout cap to protect 

the parties from extreme weather conditions, but this is not included in our example. Since the 

weather index changes over the years, so does the premium. This variation in mean 

precipitation, and how the premium changes accordingly, can be observed in the tables below 

and in appendix 2. 

Table 7:Hedging with different strike levels, 2007-2009. 

 

Table 7 illustrates how the portfolio value would differ from the no-hedge strategy if the four 

different call options would have been implemented in 2007-2009, where precipitation 

exceeded several of the strike levels. These years are good examples of how Bø Sommarland 

could be compensated for precipitation above strike levels. In 2007, the call option with a 

strike level of 268mm would give the option purchaser a payout of 6.5 million NOK. On the 

Results 2007 mm precipitation 435

Strike(mm) Premium Exersice value Revenues Portfolio Value

No hedge 39 484 000 39 484 000

µ 268 257 862 6 538 730 39 484 000 45 764 867

µ+0.5σ 306 144 869 5 077 566 39 484 000 44 416 697

µ+σ 343 83 002 3 616 403 39 484 000 43 017 401

µ+2σ 418 31 496 694 075 39 484 000 40 146 579

Results 2008 mm precipitation 315

Strike(mm) Premium Exersice value Revenues Portfolio Value

No hedge 50 804 000 50 804 000

µ 273 277 843 1 639 815 50 804 000 52 165 972

µ+0.5σ 312 156 399 104 115 50 804 000 50 751 716

µ+σ 351 89 747 0 50 804 000 50 714 253

µ+2σ 430 34 027 0 50 804 000 50 769 973

Results 2009 mm precipitation 339

Strike(mm) Premium Exersice value Revenues Portfolio Value

No hedge 47 154 000 47 154 000

µ 274 273 872 2 554 391 47 154 000 49 434 519

µ+0.5σ 313 154 106 1 033 360 47 154 000 48 033 253

µ+σ 352 88 405 0 47 154 000 47 065 595

µ+2σ 429 33 524 0 47 154 000 47 120 476
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other hand, our findings suggest that in most of the last 22 years, the seasonal precipitation-

levels do not exceed the strike levels set in our model, and table 8 of 2017-2019 illustrates 

this matter. 

Table 8: Hedging with different strike levels, 2017-2019. 

 

When seasonal precipitation is below the strike level, the precipitation option yields no 

payoff. This would have resulted in a lower portfolio-value at the end of the year than the 

historic operating income without purchasing any call options. Figure 7 below illustrates 

specifically how the 2019 call- option with a strike set at 261mm would function in practice.  

Results 2017 mm precipitation 256

Strike(mm) Premium Exersice value Revenues Portfolio Value

No hedge 44 565 000 44 565 000

µ 264 290 795 0 44 565 000 44 274 205

µ+0.5σ 305 163 881 0 44 565 000 44 401 119

µ+σ 345 94 127 0 44 565 000 44 470 873

µ+2σ 426 35 670 0 44 565 000 44 529 330

Results 2018 mm precipitation 133

Strike(mm) Premium Exersice value Revenues Portfolio Value

No hedge 59 696 000 59 696 000

µ 264 286 189 0 59 696 000 59 409 811

µ+0.5σ 304 161 220 0 59 696 000 59 534 780

µ+σ 344 92 569 0 59 696 000 59 603 431

µ+2σ 424 35 085 0 59 696 000 59 660 915

Results 2019 mm precipitation 244

Strike(mm) Premium Exersice value Revenues Portfolio Value

No hedge 45 464 000 45 464 000

µ 261 293 360 0 45 464 000 45 170 640

µ+0.5σ 302 165 364 0 45 464 000 45 298 636

µ+σ 343 94 996 0 45 464 000 45 369 004

µ+2σ 424 35 995 0 45 464 000 45 428 005

Figure 7: Call-Option 2019. 
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The K is 261mm, θ is NOK 39 091/mm, and the premium is NOK 293 360. The figure shows 

that the option payoff is 0 until the index value exceeds the strike level (K) and that the option 

buyer is in a profit once the payoff exceeds the premium (break-even at 268.5mm). 

Figure 8 below illustrate all four hedging strategies compared to operating income with no 

hedging every year from 1998 to 2019 and actual precipitation for each year.  

 

As figure 8 illustrates, a hedging strategy using the precipitation call options has the desired 

effect on risk reduction in some years. In years such as 2007 and 2009, it is evident that 

payoff from several of these precipitation options would compensate for poor performance 

due to high precipitation levels. However, in years such as 2012, the options do not have the 

required effect. Previous studies on weather derivatives have generally studied a couple of 

years. In our analysis, we have investigated the possible effect of these options over a period 

of 22 years. Despite our findings regarding the correlation between revenue and seasonal 

precipitations, our findings suggest that Bø Sommarland implementing precipitation options 

will have little effect on their risk reduction. Table 9 below illustrates the risk-adjusted return 

(RAR) for three different periods.   

 

Figure 8: Hedged operating income and precipitation. 
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We do not have full insight into the financial data and investment opportunities for Bø 

Sommarland. Therefore, we have made this simple comparison measure, which can remind of 

the Sharpe-ratio without consideration of the risk-free rate. The purpose of this measure is to 

easily compare the different call options to the no-hedge strategy by dividing the total 

operating income by the standard deviation. A positive RAR would mean a smoother income.  

As we can see from table 9, the results are disappointing, with only a 0,82% change in 

adjusted risk for the whole period. When we look at the period from 2010-2019, we see that 

the effect would be better with 2,58%. However, when looking at the last three years, the 

precipitation option would actually have a negative effect at all four strike levels.  

By paying a premium upfront, the precipitation option allows the outdoor waterpark to 

transfer some of the weather risks to an outside investor. In theory, this could reduce the 

financial pressure and result in less volatile revenues. This is supported by our analysis, where 

we found that the change in RAR for the whole period is positive. However, it is important to 

note that this positive effect is small. 

1998-2019 OI OI/STD Change in RAR %

No hedge 42 679 000 6,48 0,00%

µ 43 103 375 6,52 0,63%

µ+0.5σ 42 853 724 6,53 0,82%

µ+σ 42 755 646 6,53 0,78%

µ+2σ 42 677 276 6,49 0,22%

2010-2019 OI OI/STD Change in RAR %

No hedge 43 795 400 5,53 0,00%

µ 43 766 610 5,67 2,58%

µ+0.5σ 43 736 609 5,58 1,02%

µ+σ 43 704 602 5,52 -0,19%

µ+2σ 43 760 979 5,52 -0,07%

2017-2019 OI OI/STD Change in RAR %

No hedge 49 908 333 5,88 0,00%

µ 49 618 219 5,84 -0,62%

µ+0.5σ 49 744 845 5,86 -0,35%

µ+σ 49 814 436 5,87 -0,20%

µ+2σ 49 872 750 5,88 -0,08%

Table 9: Risk-adjusted return (RAR). 
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Limitations  

The limitations section will focus on how the precipitation data and the pricing model might 

have affected our results in the findings section.  

Since there was no weather station at Bø Sommarland, the precipitation data were collected 

from weather stations approximately 8 kilometers away. This may have caused spatial risk, 

which could affect the relevance of our index. To avoid any spatial risk, the weather station 

would have had to be stationed at Bø Sommarland's property. There may also be a problem 

with basis risk. The variance explained by precipitation on operating income was only 0.204, 

indicating that precipitation affects their operating income less than we have calculated for.   

Lastly, the McIntyre pricing model is less accurate than other models such as indifference 

pricing or Monte Carlo simulation. Therefore, the calculated premium may be less accurate 

than what is considered optimal. Thus, could it be beneficial to use another pricing model to 

achieve more accurate pricing.  

Reflections 

A weather derivatives market comparable to the one in the United States does not exist in 

Norway, and there are several reasons for why precipitation options is difficult to implement 

to a Norwegian market. Therefore, we will reflect upon three important reasons for why this 

might be, based on findings from parts 1 and 2.  

Weather Recording 

Reliable weather data is necessary in order to price weather derivatives properly. In our 

research, we found that the current Norwegian weather recording infrastructure had 

insufficiencies. When communicating with the Norwegian Meteorological Institute (2020) via 

e-mail, we were informed that the three weather stations used for developing our index all had 

different owners and that MET is only physically responsible for operating one of them. If an 

option is to be constructed on an underlying index based on data from a weather station, the 

weather station's measurements must be reliable. A solution to this issue could be to collect 

data from high-priority stations in the same manner as the CME (2020) has previously done in 

the U.S. These stations could be located at airports or in major Norwegian cities. However, 

having centralized weather stations might increase spatial risk. Norway’s varied topography 

can also contribute to increased spatial risk. For this reason, implementing high-priority 

stations seems insufficient for covering the need for reliable weather data.  
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Pricing 

Assuming that weather data is reliable, uncertainty regarding pricing precipitation options still 

applies. One of the reasons being the non-existence of a standard pricing model for 

precipitation options. Since the underlying is untradable and does not have an inherent 

monetary value, current valuation frameworks are inconsistent and vary a lot. This makes it 

difficult for financial institutions to calculate a fair price, and for the hedgers to evaluate 

whether the price is reasonable. In part 2, we calculated a precipitation call option for Bø 

Sommarland, but it is uncertain if weather derivative providers would agree with this price. 

Another problem that may prove detrimental in the viability of derivative pricing is basis risk. 

The seller and buyer of the derivative may disagree over the price as the effect precipitation 

has on the business may be unclear. If the participants are not certain of the effect 

precipitation has, it could be difficult to agree on the tick-size and premium. This could be 

connected to the findings in our example, where the tick-size is approximately 39 000. It is 

not certain that the seller or buyer would agree to this, as the variance explained by our 

regression model is only 0.2204.  

Incentives 

Although the notion of hedging frequent losses of probable weather events may sound 

appealing for a hedger, there are several reasons why weather derivatives have struggled to 

gain foothold in Norway. A lack of knowledge about weather derivatives’ existence and their 

complex nature may discourage small to medium businesses from using them. Our interview 

with Hunderfossen Famliy Park’s CEO (2020) confirmed this, stating that weather derivatives 

would, according to him, be beyond their level of knowledge, and that they would rather 

encurrage more traditional hedging strategies such as insurance or investing in indoor 

activities decreasing their weather exposure.  

Drawing parallels from our findings from pricing a precipitation option for Bø Sommarland, it 

is likely that high premiums with disappointing results of only a 0,82% improvement in 

adjusted risk, will discourage the hedger from buying with an option. However, the 

conclusion could differ between other businesses. This might lead to the conclusion that the 

hedgers benefit more from using traditional hedging methods, resulting in low demand for 

advanced financial hedging products and low liquidity in a weather derivatives market. 

Furthermore, several factors incentivizes the sell-side not to engage in weather derivative 

contracts in addition to the difficulties regarding precipitation pricing and Norwegian weather 
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stations. Since, according to Leggio (2007), the businesses most likely to benefit from 

precipitation options are relatively small businesses, option writers’ profits might be limited. 

According to the Financial Times (2007) this may explain why leading investment banks, 

such as BNP Paribas and Société Général shut down their weather derivatives operations in 

2007. 

Additionally, lack of liquidity in Europe and especially Norway gives little incentive for the 

commodity exchanges to provide standardized contracts. The lack of an exchange clearing 

OTC transactions further increases risk and cost associated with the transactions, which in 

turn again reduces liquidity. According to Benth (2020), the only alternative financial 

contracts that may be used to hedge weather are energy contracts on OMX/Nordpool, because 

the producs are relatively weather sensitive. 

Conclusion  

We have examined the weather derivatives market and analyzed whether a Norwegian 

amusement park could hedge rainfall-induced revenue volatility with a precipitation call 

option. The aim was to understand whether such a market could function in Norway.  

Part 1 outlined the microstructure for weather derivatives’ primary market. It established the 

different market participants' roles on both the buy-and sell-side and particularly emphasized 

the CME's importance. All weather derivative transaction are traded OTC, and the CME 

functions as a clearinghouse for its standardized indices. A hedger or investor who wishes to 

trade a derivative through the CME must trade one of the standardized derivative contracts 

through a block trade which is then reported to the CME’s clearinghouse by a clearing broker. 

Precipitation derivatives can currently not be traded through the CME, introducing 

counterparty risk and a less efficient market. 

We were able to create a precipitation index and call option for Bø Sommarland. We found 

that for some years the hedging strategy helped stabilize their operating income and thereby 

reduce their risk-adjusted returns. Therefore, is it reasonable to conclude that implementing a 

hedging strategy based on weather derivatives could benefit a Norwegian company under 

certain circumstances. However, the disclosed limitations regarding our analysis require that 

the findings should be viewed with some reservations.  

It is difficult to establish a functioning weather derivatives market in Norway, despite the 

potential benefits these products may offer. Important obstacles we identified include current 
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insufficiencies with the weather station network combined with Norway's varying 

topography, uncertainty regarding pricing weather options and indices, a lack of incentives for 

both buy- and sell-side, and the fact that there are more convenient and well-known 

alternatives for hedging weather-related risks.  
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Appendix 1 - Communication 

Correspondence with Fred Espen Benth, professor at UiO. 
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Correspondence with Iver Fyksen, the CFO of Tusenfryd and Bø Sommarland 
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Correspondence with Tone Husebye, from the Norwegian Meteorological Institute

 

 

 

 

 

 

 

  



  Candidates: 110031, 110003, 110050, 110009   

 
35 

Correspondence with Hildegunn Nygård, from the Norwegian Meteorological Institute  
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Appendix 2 - All Hedging Results (1998-2019)  

 

The payoff for mm of rain in excess of the strike price  39 091   

      

Results 1998   mm precipitation 291   

  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    33 734 000 33 734 000 

µ 277 283 005 559 580 33 734 000 34 010 576 

µ+0.5σ 316 159 380 0 33 734 000 33 574 620 

µ+σ 356 91 492 0 33 734 000 33 642 508 

µ+2σ 436 34 681 0 33 734 000 33 699 319 

      

Results 1999   mm precipitation 213   

  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    41 509 000 41 509 000 

µ 277 275 629 0 41 509 000 41 233 371 

µ+0.5σ 316 155 121 0 41 509 000 41 353 879 

µ+σ 355 88 999 0 41 509 000 41 420 001 

µ+2σ 434 33 746 0 41 509 000 41 475 254 

      

Results 2000   mm precipitation 282   

  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    34 365 000 34 365 000 

µ 275 273 111 258 405 34 365 000 34 350 294 

µ+0.5σ 314 153 668 0 34 365 000 34 211 332 

µ+σ 353 88 148 0 34 365 000 34 276 852 

µ+2σ 430 33 427 0 34 365 000 34 331 573 

      

Results 2001   mm precipitation 283   

  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    38 823 000 38 823 000 

µ 275 266 303 320 155 38 823 000 38 876 852 

µ+0.5σ 313 149 738 0 38 823 000 38 673 262 

µ+σ 352 85 849 0 38 823 000 38 737 151 

µ+2σ 428 32 565 0 38 823 000 38 790 435 

      

Results 2002   mm precipitation 210   

  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    40 397 000 40 397 000 

µ 275 259 906 0 40 397 000 40 137 094 

µ+0.5σ 313 146 048 0 40 397 000 40 250 952 

µ+σ 351 83 691 0 40 397 000 40 313 309 

µ+2σ 426 31 755 0 40 397 000 40 365 245 

      



  Candidates: 110031, 110003, 110050, 110009   

 
37 

Results 2003   mm precipitation 297   

  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    40 280 000 40 280 000 

µ 273 258 251 924 991 40 280 000 40 946 740 

µ+0.5σ 311 145 093 0 40 280 000 40 134 907 

µ+σ 348 83 133 0 40 280 000 40 196 867 

µ+2σ 423 31 546 0 40 280 000 40 248 454 

      

Results 2004   mm precipitation 242   

  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    47 866 000 47 866 000 

µ 274 252 933 0 47 866 000 47 613 067 

µ+0.5σ 311 142 026 0 47 866 000 47 723 974 

µ+σ 348 81 340 0 47 866 000 47 784 660 

µ+2σ 422 30 873 0 47 866 000 47 835 127 

      

Results 2005   mm precipitation 230   

  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    39 196 000 39 196 000 

µ 273 248 367 0 39 196 000 38 947 633 

µ+0.5σ 310 139 395 0 39 196 000 39 056 605 

µ+σ 346 79 802 0 39 196 000 39 116 198 

µ+2σ 419 30 295 0 39 196 000 39 165 705 

      

Results 2006   mm precipitation 114   

  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    47 372 000 47 372 000 

µ 272 244 844 0 47 372 000 47 127 156 

µ+0.5σ 308 137 364 0 47 372 000 47 234 636 

µ+σ 344 78 615 0 47 372 000 47 293 385 

µ+2σ 416 29 850 0 47 372 000 47 342 150 

      

Results 2007   mm precipitation 435   

  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    39 484 000 39 484 000 

µ 268 257 862 6 538 730 39 484 000 45 764 867 

µ+0.5σ 306 144 869 5 077 566 39 484 000 44 416 697 

µ+σ 343 83 002 3 616 403 39 484 000 43 017 401 

µ+2σ 418 31 496 694 075 39 484 000 40 146 579 

      

Results 2008   mm precipitation 315   

  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    50 804 000 50 804 000 

µ 273 277 843 1 639 815 50 804 000 52 165 972 

µ+0.5σ 312 156 399 104 115 50 804 000 50 751 716 

µ+σ 351 89 747 0 50 804 000 50 714 253 



  Candidates: 110031, 110003, 110050, 110009   
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µ+2σ 430 34 027 0 50 804 000 50 769 973 

      

Results 2009   mm precipitation 339   

  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    47 154 000 47 154 000 

µ 274 273 872 2 554 391 47 154 000 49 434 519 

µ+0.5σ 313 154 106 1 033 360 47 154 000 48 033 253 

µ+σ 352 88 405 0 47 154 000 47 065 595 

µ+2σ 429 33 524 0 47 154 000 47 120 476 

    
 

 

Results 2010   mm precipitation 174  
  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    51 617 000 51 617 000 

µ 275 272 222 0 51 617 000 51 344 778 

µ+0.5σ 314 153 154 0 51 617 000 51 463 846 

µ+σ 353 87 848 0 51 617 000 51 529 152 

µ+2σ 430 33 315 0 51 617 000 51 583 685 

    
 

 

Results 2011   mm precipitation 337  
  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    37 026 000 37 026 000 

µ 273 275 633 2 521 565 37 026 000 39 271 932 

µ+0.5σ 312 155 123 994 019 37 026 000 37 864 895 

µ+σ 351 89 000 0 37 026 000 36 937 000 

µ+2σ 429 33 747 0 37 026 000 36 992 253 

    
 

 

Results 2012   mm precipitation 263  
  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    31 322 000 31 322 000 

µ 274 273 899 0 31 322 000 31 048 101 

µ+0.5σ 313 154 122 0 31 322 000 31 167 878 

µ+σ 352 88 414 0 31 322 000 31 233 586 

µ+2σ 430 33 527 0 31 322 000 31 288 473 

    
 

 

Results 2013   mm precipitation 197  
  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    37 719 000 37 719 000 

µ 274 269 106 0 37 719 000 37 449 894 

µ+0.5σ 313 151 356 0 37 719 000 37 567 644 

µ+σ 351 86 796 0 37 719 000 37 632 204 

µ+2σ 428 32 920 0 37 719 000 37 686 080 

    
 

 

Results 2014   mm precipitation 115  
  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    45 211 000 45 211 000 

µ 268 269 197 0 45 211 000 44 941 803 



  Candidates: 110031, 110003, 110050, 110009   
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µ+0.5σ 309 151 408 0 45 211 000 45 059 592 

µ+σ 349 86 826 0 45 211 000 45 124 174 

µ+2σ 429 32 931 0 45 211 000 45 178 069 

    
 

 

Results 2015   mm precipitation 149  
  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    41 086 000 41 086 000 

µ 268 286 744 0 41 086 000 40 799 256 

µ+0.5σ 309 161 540 0 41 086 000 40 924 460 

µ+σ 349 92 757 0 41 086 000 40 993 243 

µ+2σ 429 35 156 0 41 086 000 41 050 844 

    
 

 

Results 2016   mm precipitation 198  
  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    44 248 000 44 248 000 

µ 266 292 319 0 44 248 000 43 955 681 

µ+0.5σ 306 164 762 0 44 248 000 44 083 238 

µ+σ 347 94 643 0 44 248 000 44 153 357 

µ+2σ 428 35 863 0 44 248 000 44 212 137 

    
 

 

Results 2017   mm precipitation 256  
  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    44 565 000 44 565 000 

µ 264 290 795 0 44 565 000 44 274 205 

µ+0.5σ 305 163 881 0 44 565 000 44 401 119 

µ+σ 345 94 127 0 44 565 000 44 470 873 

µ+2σ 426 35 670 0 44 565 000 44 529 330 

    
 

 

Results 2018   mm precipitation 133  
  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    59 696 000 59 696 000 

µ 264 286 189 0 59 696 000 59 409 811 

µ+0.5σ 304 161 220 0 59 696 000 59 534 780 

µ+σ 344 92 569 0 59 696 000 59 603 431 

µ+2σ 424 35 085 0 59 696 000 59 660 915 

    
 

 

Results 2019   mm precipitation 244  
  Strike(mm) Premium Exersice value  Revenues  Portfolio Value 

No hedge    45 464 000 45 464 000 

µ 261 293 360 0 45 464 000 45 170 640 

µ+0.5σ 302 165 364 0 45 464 000 45 298 636 

µ+σ 343 94 996 0 45 464 000 45 369 004 

µ+2σ 424 35 995 0 45 464 000 45 428 005 

 


