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ABSTRACT

Most farmers in South Africa use standard insurangerotect their crops against natural disas-
ters such as hail or strong winds. However, no I$ddtican insurance contracts exist to com-
pensate for too much or too little rain (althoudofls are covered), or which will pay out if

temperatures were too high or too low for a cenpnod of time for the relevant crop.

Weather derivatives — which farmers may employrsuee crops against adverse temperatures —
do exist, but these are mostly available in foreigarkets in the form of Heating Degree Days
contracts and Cooling Degree Day contracts andusee chiefly by energy companies. Some
South African over-the-counter weather derivatiass available, but trading in these is rare and

seldom used.

The goal of this dissertation is to establish aipg equation for weather derivatives specifically
for use in the South African market. This equatiah be derived using a similar methodology
to that employed for credit default swaps. The poemderived will be designed to compensate
grape farmers from losses arising from two différ@imatic outcomes — in this case temperature
and precipitation. These derivatives will be regam crop specific and the formulation will be
sufficiently flexible as to allow for further clinia possibilities (which may be added at a later
stage).

These weather derivative premiums will then be camag to standard crop insurance to estab-
lish economic viability of the products and reconmai&tions will be made regarding their usage.
The possibility of the simultaneous use of thesgvdBves and standard crop insurance for op-
timal crop coverage will also be explored and dssedl.



UITTREK SEL

Meeste boere in Suid-Afrika gebruik tans gewoneversekering om hul oes te verseker teen
natuurlike rampe soos hael of stromsterk winde.ra&staan egter geen versekeringskontrakte
in Suid-Afrika wat die boer sal verskans indientditveel (vloede word wel ingesluit) of te min

reén, of wat sal uitbetaal indien die temperatueeoptimaal is vir sekere tydperke van die jaar

vir 'n sekere gewas nie.

Weerafgeleide instrumente- wat 'n boer kan gebamk sy oes te verseker teen ongewensde
temperatuurafwykings- bestaan wel, maar hierdigunsente kom meestal in die oorsese mark
voor in die vorm van "Heating Degree Days" konteag&h "Cooling Degree Days" kontrakte en
word meestal gebruik deur energie maatskappye. r&eRaid-Afrikaanse oor-die-toonbank
weerafgeleide instrumente is wel beskikbaar, maarhandel in hierdie instrumente is baie

kleinskaals en word min gebruik.

Die doel van hierdie verhandeling is om 'n prysiogaule te vind vir weerafgeleide
instrumente wat in die Suid-Afrikaanse mark gebrsak kan word. Hierdie formula sal afgelei
word deur 'n gelyksoortige metodologie te gebruk @ie van die kredietwanbetalings-
ruilooreenkoms prysingsmetodologie. Die afgeleidenpe sal so saamgestel wees dat dit
druiweboere sal kan vergoed indien daar enigeesslis as gevolg van twee verskillende weer
afwykings- in hierdie geval temperatuur en reénmitrdie weerafgeleide instrumente sal streek
en gewas spesifiek wees en sal so saamgestel wedg dir ander klimaat moontlikhede ook

gebruik sal kan word (wat op "n later stadium byggykan word).

Die weerafgeleide instrumente se premies sal damgelyk word met die van gewone
oesversekering om ekonomiese vatbaarheid van didukte te bepaal en aanbevelings sal
gemaak word in verband met die gebruik daarvannimentlikheid van die gelyktydige gebruik
van weerafgeleide instrumente en oesversekeringptimale versekering sal ook ondersoek en

bespreek word.

Vi
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CHAPTER 1

INTRODUCTION AND BACKGROUND

1.1 Background
1.1.1 Definition

Weather conditions such as temperature or raihfale enormous impact on businesses and
farming activities. For example, a higher than agertemperature in summer will increase the
revenue of air conditioner makers and electric camgs but will reduce the profit of department

stores due to air conditioning costs. Too littlennmay cause farmers to have a smaller than ex-
pected harvest which will result in a decline imeeue. Such variations in revenue or profit due
to weather conditions are called weather risksh@dge these risks and stabilise revenue, finan-

cial instruments called weather derivatives wengetiped in the market and will be explored.

Weather derivatives are relatively new financiatinoments which provide financial security to
participants with payoffs dependent on weatherceslior weather events. These are in turn
based on climatic factors and historical weathea.dé&/eather derivative contracts provide par-
ticipants with the ability to manage risks whiclsarfrom unpredictable weather changes (Cyr
and Kusy, 2007:2) and they include combinationsstfruments such as swaps, options and op-
tion collars in which the payoff depends upon aewdriety of underlying weather related vari-
ables such as temperature, precipitation, humidityyshine hours and temperature forecasts
(Campbell and Diebold, 2003:3).

1.1.2 Development of weather derivatives

Weather became an underlying for derivatives in theted States (US) in 1997. Randall
(2008:1-3) recognises seven factors that led tdlveedecoming a commodity:

» the convergence of the capital and the insurancketsin the 1990s,

« the insurance industry was going through a cycltedse in 1997, and risk capital became

available to hedge weather risks,

* the El Nifio event of 1997-1998, where warm weatheéhe Northern US led to a decrease

in gas sales, which led to reduced profits,



» the deregulation of the electricity markets in tHe since 1996,

* energy companies became very keen to examine avagwo mitigate the risk imposed by
weather, the most important being Enron,

e airport stations with good historical records veillpply meteorological data, and with good
analysis of the data it would be relatively easytme a contract based on these data, as

well as to find a probability of a specified evesturring and

» the rise of environmental markets, particularly @otlutants and the fear of climate change

led companies into examining the effects of weatimetheir profits .
1.1.3 The first weather derivative deal

The first major weather derivative deal in the W8kt place in 1997 between Enron and Koch
(Geyser, 2004:447). In the United Kingdom (UK), firet deal was sold by Enron to Scottish
Hydropower in 1998. Other European deals followdt in Germany and the Netherlands and
later in Scandinavia. The Japanese and Austraiaiosved and in 1999 the Chicago Mercantile
Exchange (CME) started listing weather contracta. E&bruary 28, 2002, Gensec Bank, a
wholly owned subsidiary of the JSE listed finan@alvices group Sanlam, and the US-based
Aquila subsidiary of UtiliCorp United, one of thargjest energy marketers and risk management
companies in North-America, announced the formatiba strategic alliance to be the first to

begin marketing weather derivative products in Bd\ftica (Anon, 2002).

Because weather is unpredictable and ubiquitoursflitences almost everything. Rain can cause
businesses to have a decline in profit (shopperddv@ther stay home in rainy weather than go
shopping), too much or too little rain can haveegative effect on farmers' harvests, depending
on the stage of their crop, thunder storms arenpialey dangerous to spectators and players
alike of outdoor sporting events and so on. Theskaher considerations necessitate the man-

agement of weather risk through the use of weatbgvatives.
1.2 Problem statement and objectives

This dissertation explores the problem of how toaxily price weather derivatives in South Af-

rica using a credit default swap (CDS) methodology.



This work could also assist in the eventual comsibn of a South African "weather index"

which could then be used to price other, bespokather derivatives.

Weather derivatives constitute a relatively smadirket in South Africa currently (November
2010). By pricing these instruments correctly tisay cover gaps which current weather insur-
ance protocol does not cover. This can assist bssas, farmers, event coordinators and so on to
hedge their companies or themselves against uathsi- and unpredictable — weather events.

This dissertation focuses on the use of weathevateres in agriculture.

Most farmers use crop insurance to cover potetdgdes which may be experienced in crop
failure. This type of insurance coverage is effitizvhen natural disasters like hail or a natural
fire hits, but it is inefficient if an exceptionglivarm summer is experienced when farmers were
expecting a mild summer, or when it rains too m(ahtoo little) for some crops. Weather de-

rivatives can protect against losses for thesetsyént there exists no good platform in South

Africa for farmers to freely use these kinds ofidatives.

Existing weather derivatives have only one undegymeasure, so they can only be used to
hedge against one underlying (e.g. temperatura$. dn be problematic as most farmers would
wish to hedge themselves against multiple undaglymeasures. This dissertation focuses on a
winery and grape farm in the Western Cape regioittwmust be hedged against undesirable

rainfall andtemperature.

The goals of this dissertation are thus to descabestruct and price a new weather derivative to
mitigate weather risks faced by grape farmers énirestern Cape. These farmers require unique
weather conditions for the successful maturatiah @ritivation of their grapes so a financial de-
rivative methodology is sought which may be useduoccessfully mitigate these weather risks.
A credit default swap pricing methodology is usedthis end. It is important to note that al-
though a derivative instrument is constructed togaie the specific weather conditions faced by
Western Cape grape farmers, in principle, the nustltogy employed in this dissertation may be

applied toanyweather conditions in order to mitigate poteritakes.

In addition, this work could potentially contribute the construction of a South African
"weather index". This index could be used to pbespoke (and, if necessary, exchange traded)

weather derivatives resulting in a more liquid énraghsparent market for these instruments.



1.3 Research design and procedure
The research design of this thesis followed thé&raibelow:

Pose research questions. Broad questions were posed regarding the typesather derivatives
that are currently available in South Africa andlgllly, and how these weather derivatives can

be adapted to assist farmers with crop coveragieeievent of unfavourable weather events.

Critical literature review: A critical literature review ensued in which theokition and uses of
derivatives, credit derivatives and weather deivest were discussed. Abundant literature exists
to address the different models for the pricingveaither derivatives and these are explored and

commented upon.

Action research/data collection: Data were used from original sources at all timfédge South
African weather bureau provided historical datatéanperature and rainfall, and Bosman Winer-

ies provided their own data regarding grape crops.

Theory building/adapting/testing: In this case, pursuing existing, well-establisineethodolo-
gies allows subtle, but significant, improvemertse made to the credit default swap pricing
equation. Adjustments and additions to the exis@RfS pricing formula were made to fit the
needs of this dissertation’'s problem statement.e@ping new ideas requires much back-
testing, validation and endorsement. Ultimatelg bulk of the results reported in this disserta-
tion were from empirical testing: Historical dathweather stations near and in Wellington in
the Western Cape are used as parameters for tagi@yualong with current market related sta-
tistics such as the yield curve of South Africae®@mpirical study compares current weather in-
surance for grape crops with the calculated weathgvative premium and proposals follow on

how to use this hedging tool.

Conceptual development: This research is intended to provide accurate,highily practical,
solutions for use by financial institutions andnfi@rs. As a direct result, the primary source of
analytical work was done in Microsoft ExE8lIsince this is the tool of choice for almost all fi-
nancial institutions. While clearly not designedpterform the most advanced statistical or alge-
braic analysis, Microsoft Excel nevertheless performs adequately. These spreadedsimed
models use visual basic programming language x&fte functional and highly valuable desk-

top tool available to all quantitative analysts aistt managers alike) to develop macros for un-



dertaking onerous and repetitive computing tasksuRs (the premium payable on the weather

derivatives) were compared with normal insuranagtegifor farmers and were commented on.
1.4 Chapter Layout

The broad objective of this dissertation is to eatty price a weather derivative in South Africa.
The specific objectives are:

» to explain where derivatives have originated (Caapyj,

» to explore the history and evolution of credit datives (Chapter 2),

» to explain a credit event (Chapter 2),

» to explain credit default swaps (as a basis forthexaderivatives) (Chapter 2),

» to provide an insight into the origin and evolutiminweather derivatives in the foreign mar-
ket (Chapter 2),

« to explain different weather indices, structuregd eontracts (Chapter 3),

« to familiarise with the different models which halveen used to price weather derivatives
(Chapter 3),

» to understand weather evolution models (Chapter 4),

» to formulate a pricing equation which will pricev@ather derivatives with multiple underly-
ing measures (Chapter 4),

 to test the equation in the empirical study (Chapjend

» to price a weather derivative designed to hedgeheeaonditions prevalent in the Western
Cape (wineries and grape farms) using historicahthver data and a CDS methodology
(Chapter 5), and

» to conclude the dissertation and give recommenadsiiGhapter6).

1.5 Conclusion

Existing crop insurance is not adequate to cov&sds made by farmers when the reason was not
a severe hail or wind storm. This dissertation adskes that gap, and a credit default swap is ad-
justed to price a weather derivative where the &roan hedge himself against temperature and
rainfall fluctuation. This pricing result in a pr&m which must be paid monthly for a certain

period until the cover period (usually the life Eyof a crop) terminates. A weather derivative



can be purchased with a maturity of six months.fevghich means that for months that farmers

do not require coverage, there is no need to pay$oirance using weather derivatives.

The next chapter provides a comprehensive litezatewiew of the derivative concept, its history
and the evolution to credit derivatives.



CHAPTER 2

THE DERIVATIVE CONCEPT APPLIED TO WEATHER DERIVATIVES

2.1 Introduction

A derivative is a financial instrument of which thalue is derived from the value of another as-
set, known as the underlying (Chisholm, 2004A13n Greenspanh,noted that "by far the most
significant event in finance during the past decadg to 2005 — has been the extraordinary de-
velopment and expansion of financial derivativasetamsaria and Kaul, 2005). These deriva-
tive structures improved the capability to diffetiate risk and to distribute this risk to those in-
vestors whom would be willing and financially aletake it. This process of transferring risk
has unquestionably helped to improve the natioradyectivity growth as well as the standard of
living in the US (Hetamsaria and Kaul, 2005).

The purpose of Chapter 2 is to provide an oversaflthe history of derivatives. The essentials
of credit derivatives (as an exampleeoknt driverderivatives) are also presented. This is neces-
sary because weather derivatives are special case derivatives that have evolved from the
credit derivative methodology. This chapter alsareies credit risk and further discusses the
structures of different types of credit derivativAsdefinition for weather derivatives is also de-
fined, followed by an in depth explanation abow évolution of weather derivatives. Lastly, an
overview is provided regarding the CME, the worl@ading weather derivative trading market.

2.2 The evolution of financial derivatives

A derivative is a bet between two parties: e.g.tdKes a bet of R50 with Y that the Bulls will
win the Currie Cup ". Thenderlying asseis the winning or losing of the Bulls, and the RS0
the payout.

Financial derivatives are not new; they have beeexistence in one form or another for centu-
ries. A description of the first known option caf is found in the work of Aristotle, a Greek
philosopher. He tells of Thales, a poor philosoghamn the nearby island of Miletus. Thales de-

veloped a "financial device, which involves a piibte of universal application” (Siems, 1997).

! Previous chairman of the Board of Governors ofdi§eFederal Reserve Bank.
2 The right to buy or sell an asset



As a skilled forecaster, Thales predicted thatdlive harvest would be exceptionally good the
following autumn. Confident in his prediction, Thalagreed with olive-press owners to deposit
what little money he owned with them to guarantee éxclusive use of their olive presses when
the following autumn's harvest was ready. He nagedi low prices because the harvest was a

future event and no one knew whether it would leaiful or paltry.

Aristotle’s story about Thales ends predictably: &N the harvest-time came, and many
[presses] were wanted all at once, he let thenabahy rate which he pleased, and made a quan-
tity of money. He thus showed the world that pholasers can easily enjoy wealthy rewards, but
that their ambition is of another sort" (Hutchih852:453).

Thales exercised the first known option contrache@ 500 years ago as he was not obliged to
exercise the options (unlike the olive merchantso were). If the olive harvest had been poor,
the option contracts would have expired unused.|®&e to Thales would have been limited to
the original price paid for the options. Since tii@e crop was exceptionally good, he exercised

the options and sold his claims on the olive presse high profit (Hutchins, 1952:453).

The establishment of the first exchange for derreatrading — the Royal Exchange, in London —
was the next significant development for derivatnagling (Chance, 1998). The Royal Exchange
began operations in 1570 and permitted only forveamtracting at the time. The next important
development in the derivative market, and alsditbefutures contracts to be traded, occurred in
Japan in 1650, where standardised contracts wadedrin the Yodoya rice market in Osaka
(Chance, 2008).

The first modern, organised futures market in Nétherica was founded on April 3, 1848 by
83 merchants and was called the Chicago Board adel{CBOT, 2008:1). This was the next
major event in the history of derivatives as theGdBhad a prime location on Lake Michigan,
Chicago. Because of the location, the exchangelabedelop into a major centre for the storage,
sale and distribution of Midwestern grain (Chant@98). CBOT Holdings and the CME Hold-
ings Inc. announced on October 17, 2006, that airdeat had been signed which agreed to
merge both organisations, which would then formriast diverse global derivatives exchange
(CBOT, 2008:6). The CME continues to play a verpamrant role in derivatives today: this is

discussed later in this chapter.



2.3 Credit derivatives as a basis for weather derivatigs

Financial derivatives create new contracts whiativdeheir value from original contracts or as-
sets. For example, stock market derivatives aré&racts that are settled based on the movements
of the stock prices, without transfer of the unged stock. The contracts are based on certain

events, in this case, stock market movements.

The development afredit derivatives is a logical extension of derivativading in the market.
Credit derivatives contracts (which involve contsalsetween two parties, again with an asset as
the underlying and which are settled without tranfig the asset (Kothari, 2009a:3)) allow the
transfer of credit risk — i.e. the probability akedit event risk, such as default, repayment risk,
etc., — to a counterparty. This section exploresrttechanics underlying credit derivatives as

they form the basis on which weather derivativescanstructed.

Credit derivatives are financial instruments thed ased to manage, mitigate or hedge credit
event risks in the financial sector. The key rdi¢his group of financial instruments is to man-
age credit exposures, such as credit, defaultigiorexchange or interest rate risks (Batten and
Hogan, 2002:252).

Kothari (2009a:4-5, 10-11) clarifies a credit dative as follows:

* a credit asset is the extension of credit in soommf normally a loan, instalment credit or

financial lease contract,

» every credit asset is a bundle of risks and refumplicating that every credit asset is ac-
quired to make certain returns on the asset. Tabaghility of not making the expected re-
turn to the holder as a result of delinquency, diéfasses, foreclosure, prepayment, interest
rate movements, exchange rate movements etc nesittae existence of a credit derivative,

« the credit derivative concept was designed by tiadtitutions, such as banks, to diversify
portfolio risks without diversifying the portfoligself. The drive towards credit derivatives

has been goaded by bankers' needs to meet théal@gequacy necessities,

» credit derivatives are entirely marketable congathe credit risk inherent in a portfolio can
be securitised and sold in the capital marketljkstany other capital market security. Thus

the purchase of such a security involves the pseelbd a fragment of the risk inherent in the



portfolio. Buyers of such securities are buyingacfion of the risks and returns of a portfo-
lio held by the originating bank, thus derivativaesd securitisation together make credit risk

a tradable commodity.
2.4 The history of credit derivatives

Kothari (2009b) lists significant milestones in thhevelopment of credit derivatives. Credit de-
rivatives emerged in 1992 when the Internationabfwvand Derivatives Association (ISDA)
first described a new exotic type of over-the-ceurontract. In 1993, the first credit portfolio

model was introduced by Moody’s KMV, another sigzaht milestone for credit derivatives.

According to Ranciere (2002:4), the credit derivatmarket began in 1996. Financial institu-
tions worried about their credit risk exposure,wae credit derivatives as tools that could be
used to manage these risks. Many companies viereglit derivatives as a counterbalance to the
loan securitisation market. Consequently, crediivdéves developed rapidly and independently

and became key instruments used to hedge crekBt(fsanciere, 2002:4).

The credit derivative market emerged simultaneoustly the Asian Crisis in the second half of
1997. The lack of standardised documentation slosdwedh the development, but it accelerated
again in 1999 with the publication of ISDA's credirivative definitions (Ranciere, 2002:4).

In 2000, the total notional principal for outstamglicredit derivatives contracts was US$800 bil-
lion, and by 2002, this amount had grown to US$fom (Hull, 2005:449). In 2004, the no-
tional value of credit derivatives was US$5 tritliovhich increased to over US$20 trillion in
2006 (Pool and Mettler, 2007:30). LaCroix (2008)sthat, as of the beginning of March 2008,
the credit derivative market had a notional valt&8$45 trillion, an amount that was equiva-
lent to total, global bank deposits. Today, thalitrderivatives market is one of the most impor-

tant markets in the financial world.

The growth in credit derivatives by the end of ##890s occurred for three reasons (JP Morgan,
2008:7):

* new products continued to emerge from the tradifiduilding blocks of options and fu-
tures, and were forming second and third generativatives which proved to be complex
with path-dependent risks,
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« derivatives were being expanded beyond the usuahgement of price or event riskand
were being used to manage portfolio risk, balameeisgrowth, shareholder value and over-

all business performance and

» derivatives were being expanded beyond the norntatast rate-, currency-, commodity-
and equity markets to new underlying risks suclkaastrophe-, pollution-, electricity-, in-

flation- and credit risk.

For much of the history of finance, credit risk waage of the major elements of business risk for
which no risk management products existed. Foraa joortfolio manager, the management of
risk involved merely diversifying the portfolio witfinancial manipulation in the secondary mar-
ket. Reliance was placed on the purchasing of ama@ and letters of credit or guarantees, but
the separation of credit risk management from gse@ with which those risks were associated
was not considered. This made these credit rigkegtes highly ineffective (JP Morgan 2008:7).

Credit risk is today better managed using credilvdéves. They allow companies to trade credit
risk much in the same way as market risk. Banksadher financial institutions were once in the
position where credit risk was assumed to be uniade, and all that these companies could do
was to wait and see how this risk would unfold. &yndcredit risk portfolios can be actively
managed by retaining some of the credit risk andremg into credit derivative contracts to pro-

tect against the remainder of the risk imposechercompany (Hull, 2005:449).
2.5 Credit events

A credit default swap, a type of a credit derivafiis triggered by a credit event (Lehman Broth-
ers International, 2001:61). Credit events are &vsaich trigger the exercise of derivative obli-
gations such as bankruptcy, insolvency, a downgoddbe company’s rating or the change in
the credit spread exceeding a specified level (Be2602:726).

ISDA defines several standard credit events whiely be employed in credit derivative transac-
tions, including bankruptcy, obligation default/al@ration, failure to pay, repudiation, morato-
rium and restructuring: these are listed in theiges that follow (Kothari, 2008).

3 Price risk — the risk that the liquidation valuecoflateral can fluctuate as the market fluctugBessis, 2002:510).
Event risk — defined as the risk of an event Wilittrigger the default of a pre-determined firéal obligation (Bessis,
2002:726).
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2.5.1 Bankruptcy or Insolvency

A financial institution or company is bankrupt whieris declared insolvent or when it cannot
pay its debts. Certain actions taken by the retaremtity, such as a meeting where shareholders
consider filing for a liquidation request, is aldewed as an act of bankruptcy, which can trigger

a credit event.
2.5.2 Obligation Default or Obligation /Acceleration

Obligation default or obligation acceleration ouvhen a relevant obligation becomes out-
standing and payable as a result of a default eyaference entity before the actual time when
this obligation would have been declared. The tatabunt of obligations should be greater than

the default obligation.

It is important to note that "default” is used irck terms that are relevant to a specific contract

or agreement.
2.5.3 Failure to meet payment obligations

Failure to pay occurs when the reference entitg tai make a payment under one or more obli-
gations at a certain time due. In this case grasegs for payments are taken into account,
mostly to prevent accidental triggering due to adstiative errors.

2.5.4 Repudiation or Moratorium

Repudiation (or moratorium) deals with the scenarre the reference entity or any govern-
mental authority disclaims, disaffirms, questionglzallenges the validity of the relevant obliga-

tion.
2.5.5 Restructuring

Restructuring covers events which occur when anthefterms agreed upon by the reference
entity and the holders of the specific obligatiarguestion before entering the contract have be-
come less favourable to the holders as what it &vbalve been otherwise. These events can be a
decrease in the principal amount, a decrease dhteeest payable under the obligation, a delay
of a payment or a change in the ranking in therpyiof the payment. Restructuring will change

the debt obligations of the reference entity.
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Credit derivatives provide protection against ahyhe credit events that were discussed above
to financial entities holding these derivativesailfy one of these pre-determined events were to
occur, the event precipitates the settlement otthdit derivative, in which the buyer of a credit
derivative has the right to settle the credit datie, thus protecting the position against credit

risk.
2.6 Types of credit derivatives

Credit derivatives are financial products that aselcredit risk from other forms of risk (like
market or operational risk) of a certain assetthed transfers that risk from one party to another
(Brandon and Fernandez, 2005:52). They offer ptioie@gainst credit or default risk of credit
risky financial instruments (Ranciere, 2002:3).

The payoff of a credit derivative is subject to thexurrence of a credit event, for example the
failure of one participant to pay (Brandon and Redez, 2005:52), or any other event as ex-

plained in Section 2.5.
Credit derivatives have three distinguishing chiamastics (US Federal Reserve, 1998:566):

« the transfer of the credit risk linked with a reflece asset through the use of contingent
payments that are based on default events on itesf instruments before, at, and shortly

after default,

» the periodic exchange of payments or the paymeatmemium rather than the payment of
fees which is usually the case with other off-baéasheet credit products, like letters of

credit and
» the use of an ISDA Master Agreement and the legahdt of a derivatives contract.

The terminologies used when considering creditvdékie transactions can be confusing. A
buyer can be either a buyer of credlsk, or the buyer of credprotection while the seller can
either sell the creditsk or sell the crediprotection

In this section, the following convention is adapte avoid any confusion. THeiyer is consid-
ered as the buyer afedit protectionand theseller of credit risk and is the party responsible for

contingent payments. ThHmuyeris also thebeneficiaryof the credit derivative transaction. The
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seller is the seller otredit protectionand thebuyerof credit risk (and will usually receive a fee
for this protection (Tavakoli, 2001:5)).

The US Federal Reserve (1998:566) defines threht cterivative types:

1. total-rate-of-return swafls
2. credit default swaps and
3. credit default notes

The next section defines only credit default swassthese are the simplest and most popular
form of credit derivative that could form a basis pricing (and understanding) weather deriva-

tives.
2.6.1 Credit Default Swaps

The simplest form of a credit derivative, as wedlthe most popular credit derivative, is the
credit default swap (CDS). CDSs form the basicding blocks of the credit derivatives market.

By using a default swap the buyer is offered pitiwecagainst the loss of the asset value that
would normally follow a credit event (Ranciere, 28). Hull (2006:507) describes a CDS as a
contract that provides insurance against the defald of a particular company. The reference
entity is typically a corporate, bank or sovereigguer (Lehman Brothers International, 2001:26)

and a default by the company is known asctieglit event

The buyer of the insurance (or the CDS) obtaingitite to sell the underlying asset of the refer-
ence entity if or when a credit event will occuarfexample, if the CDS underlying is a bond,
the buyer has the right to sell that bond for theefvalu® when a credit event occurs. The total
face value of the bonds that can be sold is knasvth@ CDS's notional principal. The buyer of
the CDS will make periodic payments to the sellatilua credit event occurs, or otherwise until
the maturity of the CDS. If a credit event occuhg settlement is either the physical delivery of
the bonds or a cash payment (Hull, 2006:507).

A swap where the return on an asset such as aip@xdhanged for LIBOR plus a spread. The returtherasset includes
income such as coupons and the change valire afsset (Hull, 2005).

® A credit default note is a security with an embmstidredit default swap allowing the issuer to tiana specific credit risk to
credit investors (Hull, 2005).

5 The face value, also known as the par value afralbis the principal amount that the issuer véflay at maturity if the bond
does not default (Hull, 2005).
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In a CDS one counterparty, in this case Bank A, agreasdke payments x basis points of

the notional amount, either per quarter or per.ykareturr, Bank A receives payment (from

Bank B)in the event of the default of a |-specified reference assé&his set of occurrences

illustrated below in Figure 2.1.

Figure 2.1: Credit Default Swap.
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Since the payoff of a CDiS contingent on a default event, word "swap“might beconsidered

a misnomer, as the transaction actually more gfosslembles an optiolUS Federal Reserve.

1998:567).

When credit default swaps are traded the followingventions are commonly fowed (US

Federal Reserve, 1998:568):

* tradesare for senior, unsecured ri

the reference entities are generallylic, investment-grade companies,

» five-year contracts are the most common, bu- and thregrear contracts are also trac

e U.S. tradewsually only includes bankruptcy, failure to payanodified restructuring (e

defined under the May 112001 ISDA Restructtng Supplement) as credit eve

« European trades generally include sard restructuring credit events and

» trades become effaee in three days (T+3, whereis the contractiuratior).
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2.6.2 Credit Default Swap cash flows

Figure 2.2 sets out the details required for theing of a credit default swap trade and Figure

2.3 illustrates the contingent and fixed payouts.

Figure 2.2:  Example of a Credit Default Swap.

Default Swap details:

Currency: Euro

Maturity: 3 Years

Reference Entity: Poland

Notional €50 million

Default Swap Spread: 33 basis points

Frequency: Quarterly (3 months)

Size of cash flow: €50 millios 0.0033x 0.25 = €41 250
Payoff upon Default: Physical delivery of assetdar
Recovery Rate: 50% of face value

Credit Event: As defined in Section 2.5.

Source: Lehman Brothers International, 2001:27-28.

Figure 2.3:  Cash flows on the Credit Default Swam Figure 2.2.
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The credit derivative in Figure 2.2 is a €50 milli@ year default swap. The cost of the protec-
tion is 33 basis points per annum, paid quartdihe size of each quarterly cash flow is €41 250.
If default were to occur, the recovery rate is 5@Pthe face value — i.e. the protectioayerwill
receive €25 million from the protectiaeller(Lehman Brothers International, 2001:27-28).

Figure 2.3 depicts the cash flows when a defauttredit event occurs, as well as the payout if
default were not to occur. The credit protectiolydrupays a quarterly cash flow of €41 250 in
the case of no default until maturity of the swhapthe event of default, the credit protection
buyerreceives a payment of half of the notional ameuas specified in the contract — €25 mil-
lion. The other 50% of the notional amount is resmed from the bond writer (from the 50% re-

covery rate).
2.7 Weather derivatives

Weather derivatives are an emerging class of fia&untstruments, designed to provide protec-
tion against adverse changes in temperature, piaonm, and the wide range of weather risks to
which businesses are subjected (Ali, 2004:75). Wazaderivatives are constructed using the oc-
currence of a weather event (be it rainfall fopaafied period, or temperatures for a specified
period, etc) as the trigger for contingent paymehiss fairly new area of derivatives has opened
up a completely new spectrum of previously unabédigossibilities to the market when manag-
ing risks.

2.7.1 Background

The Chicago Board of Trade (CBOT) introduced cabgéte futures in 1993, which permitted
hedging against catastrophic weather conditionk agchurricanes. This allowed the freezing of
projected loss ratios and underwriters could thetebk in their profits. This could be done with
more flexibility and it cost less than re-insuran€ae catastrophe futures did not allow the un-
derwriters to protect themselves against non-aagaisic weather conditions, such as the loss of
revenue resulting from unexpected warm wintersirA deed for hedging against conditions like
the El Nifio aroused, and an over-the-coUnt&TC) market in weather options emerged (Ray,
2004:295).

" Over-the-counter markets are explained in detafiéction 2.8.
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A significant factor which fuelled the growth of atber derivatives was energy market deregu-
lation. Energy prices are highly correlated witle theather: energy producers want to set the
prices in such a way that adverse weather willgatse a loss of trading revenue. By trading
weather derivatives, energy companies have founewaway to hedge the risks that are unfa-
vourably imposed upon them by the uncontrollabfeatfof the weather, such as declining en-
ergy sales (Alatoret al, 2002:1). This traceable factor implies that thpredictability in
weather conditions is the most significant factmattaffects energy usage, but the effects of the
inconsistency in weather patterns were always #lesoand managed within a monopoly-like
environment. With the deregulation of the US enargyket, the participants in energy delivery
were even more exposed to weather variability, tairedenabled them to see the new and signifi-
cant risk that they had to take into account whnemnking of their financial stability (Brocke#t

al., 2005:130).

The origins of weather derivatives can be traceatk ba the extreme EI Nifio climate of 1997 —
1998. An extremely warm winter in the northern hgphiere caused a decline in the revenues of
many utilities (Ray, 2004:293-294). Thus, in 198Ygjor weather derivative deals took place
between US energy companies: these were all oeecdhnter (OTC) transactions which were
privately negotiated between the parties and weuetsired as protection against the decline in
income as a result of the deviation of average &atpres in specific regions (Climetrix, 2088).
One of the deals consisted of a custom-made swaich Enron agreed to pay Koch US$10
000 for each degree that the temperature wouldo&dw the normal average temperature and
Koch agreed to pay Enron US$10 000 for every detiraethe temperature would be above
normal, in the winter of 1997 — 1998 (Perin, 1998)the UK, the first weather derivative deal
was concluded in 1998 (Randalls, 2008:2).

Capital markets provided companies with limiteditdby the use of contingent capital pro-
grammes in the event of a natural catastrophe dndsaof equity capital (Considine, 2000:1).
This process provided capital that was repaid éoctieditors or investors after the expiry of the

contingent capital transaction and was purely iioarfcing. This was followed by insurance se-

8 The first weather derivative deal, actually tod&ge in July 1996 when Aquila Energy structurecualdcommodity hedge for
Consolidated Edison Company (Nicholls, 2008:45) Tiansaction involved Consolidated's purchasdeuftric power from
Aquila for August 1996. The price of the power veageed upon, but a weather clause was added wottieact stipulating
that Aquila would pay Consolidated a rebate if Astgurned out to be cooler than expected (Nichall§8:47).
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curitisation, in other words, the securitisationim$urance risks as well as the transfer of these
risks to the capital markets by the use of bondsderivatives, which laid down the foundation
for the convergence of the insurance and capitakets (Grandi and Mdaller, 1999:610). Up un-
til the convergence point, which happened in th@0s9insurance was separated from the capital
markets. Companies wanted to insure themselveseircdpital market, which allowed them to
trade insurance-like products with more freedond #rus the two markets became more and

more entangled (Randalls, 2008:1).

During 1997 — 1998, the insurance industry enteregclical downward phase that brought on
low premiums in the underwriting business. This mighat companies were in the position to
release adequate amounts of risk capital to hedgeher risks (Considine, 2000:1). As the con-
cept of weather derivatives had already been ioted, companies saw this as the opportunity
to hedge themselves against this newly tradaliayjse.

The CME introduced futures and options on weathat tould be traded on the exchange in
1999 (CME, 2008a:12). These options and future®vadapted to average temperature indices
in different locations, and were the first of ited Unlike the OTC weather derivatives, which
were privately negotiated and individual agreeméetsveen two parties, the CME weather fu-
tures were standardised contracts that were tradety on the open market. The trading would
take place in an electronic, auction-like surrongdivith ongoing negotiation of the prices,

whilst keeping the prices totally transparent (CNEQ8a:3).

The first CME weather futures were only availalde the weather of US cities, but it became
very popular with international clients, whom quickequested similar future contracts to hedge
their own weather risk. In October 2003 the CMEnkghed weather contracts on five European
cities and in July 2004 on two Asia Pacific cit{€&ME, 2008b).

Until 2003, all the weather contracts were monttdytracts, but in 2003, the CME expanded
their weather products to include contracts thatatbe traded seasonally, and enabled traders to
hedge their risk for an entire season. Only tw@ges, summer and winter, were acknowledged,

and consisted of five consecutive months, whicHatbe traded as one product (CME, 2008b).

Other exchanges that followed the CME by tradiraggardised weather derivative contracts are
the London International Financial Futures and @i Exchange (LIFFE). They introduced

weather futures for Western Europe in 2001 thawadd Europeans to hedge their weather risks.
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The Helsinki Exchange followed in 2002, which alexv Scandinavian countries to hedge
against their weather conditions (Ray, 2004:298) e Intercontinental Exchange is another
emerging exchange for weather contracts (ClimeR0Q8). The latest exchange that is now of-
fering weather-related indices and derivativeshis $torm Exchange Inc. in New York (Mar-
shall, 2007). Marshall (2007) reports that thisherme was formed in April 2006, and allows
subscribers to choose from a series of customisdidds of weather-related data. The company
founder and chief executive officer David Rikerdst¢hat the Storm Exchange focuses on mid-
market companies which have between US$10 milli@hldS$500 million in revenues per year,
because the larger companies will most likely alyehave derivative deals and contracts with
other companies. The company has already createel ttman 500 customised indices in five in-
dustries, which have temperature as the underlylihgir goal is to ultimately provide transpar-
ency around the pricing of their weather derivai@arshall, 2007).

The weather derivatives market is the fastest-gigwderivative market today (CME, 2008a:2).
The value of weather derivatives traded in 1998 W8$1.8 billion and grew to US$4.3 billion

in 2001. In a survey of PricewaterhouseCoopers, RRAGD8) it was found that the notional

value of weather derivatives in 2002 was US$4.8obil in 2003 US$4.7 billion and in 2004

US$9.7 billion. The notional value in 2005 was eorel high of US$45.2 billion, which declined

again to US$19.2 billion between April 2006 and 8a2007. Cundy (2008) further reports that
weather derivatives showed a dramatic leap of 3@%ufture and option volumes in the first

quarter of 2008 compared with the previous yeatetAhe first quarter of 2008 the weather de-
rivatives market kept on expanding to an astonghi$$32.0 billion in notional value in June

2008 (Cundy, 2008).

2.7.2 Weather derivatives in South Africa

South Africa actively entered the weather derivegimarket in February 2002. Gensec Bank and
Aquila announced their development of a strateggpeaiation to be the first to begin marketing
weather derivatives in South Africa (Anon, 2002&nSec Bank is a subsidiary of Sanlam which
is fully guaranteed by Gensec, with a capital basgpproximately R5 billion, which specialises
in providing derivative-based risk management potslto the savings industry. Aquila is a sub-
sidiary of the listed Kansas City based companyiCirp United, and is one of the world’s lead-

ing market makers of weather derivatives. Aquilaaiprovider of risk management services,
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providing wholesale energy and risk managemenicsvn the UK, Germany and Scandinavia,

and also a leading wholesaler of natural gas, pawercoal in North America (Anon, 2002).
2.7.3 Influence of weather on the industry

Weather exerts an enormous impact upon businessemarket activities. The CME(2008a:2)
estimated that almost 30% of the US economy ictlyraffected by the weather. The weather
influences the choices that are made regardingggoimn outdoor concert or sporting event, the
choice to switch on a heater or an air-conditiqngfuencing electricity consumption) and even
transportation efficiency (delayed flights as aulesf misty conditions or snowstorms). The ef-

fect that is has on the business sector is omréptesd very expensive (Dischel, 2002).

Industries affected by the weather are similarljquitous, including utilities (gas, electricity),

energy vendors (oil, coal), agricultural sectorrtfars, processors), entertainment industry (re-
sort areas, casinos), travel industry (airlinemng), sporting events (Soccer World Cup, Tri Na-
tions Rugby, Super 14), manufacturers (recreatigehicles, weather gear) and insurers (under-

writers, re-insurers) (Ray, 2004:294).

Weather unpredictability can affect different aestin different ways. Jewson and Brix (2008:3)

give many examples e.g.:
e agas supply company will sell less gas in a warmnies,
» a ski resort will attract fewer skiers when thewsfadl is sparse,
» a clothing company will sell fewer summer clothesicold summer,
* an amusement park will have few visitors if it in
e a construction company can have delays when &ifsng or is very cold,

* a hydroelectric power generation company will gateless electricity when there is less

rainfall than usual and

« afish farm can have difficulties in breeding fiskhe sea temperature is too low.
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Table 2.1 provides a comprehensive resource fothgeaisk professionals and is yet another

good example to illustrate the links between waaitihdices and financial risks.

Table 2.1: lllustrative links between weather indies and financial risks.
RISK HOLDER WEATHER TYPE RISK

Energy industry Temperature Lower sales during warm winters or cool summers
Higher heating/cooling costs during cold winterd an

Energy consumers Temperature
hot summers

Beverage producers Temperature Lower sales during cool summers

Building material com- Lower sales during severe winters (constructiogssit

. Temperature/snowfal

panies shut down)

Construction companies| Temperature/snowfal Delays in meeting schedules during periods of pgor
weather

Ski Resorts Snowfall Lower revenue during winters with below-average
snowfall

Agricultural industry Temperature/snowfal Slgm'flcant crop losses due to extreme temperatures
or rainfall

Municipal governments | Snowfall Higher snow removal costs during winters with
above-average snowfall

Road salt companies Snowfall Lower revenues during low snowfall winters

Hydroe[ectnc power Precipitation Lower revenue during periods of drought

generation

Source: Climetrix, 2008.

All of these risks can be hedged by using weatkérdtives.

2.7.4 The unique aspects of weather risk

Weather risk is unique: it has special characiesghat separate it from commodity price risk
and other sources of risk (Cogen, 1998). Weathectsf the costs and revenues resulting from
changes irvolume and not changes iprices. It is important to note that there are no physica
markets in weather. A hot day in January cannattbeed until it is needed in July, and rain fal-
ling in Gauteng cannot be transported to the Ftate SWeather risk is also localised, as there
are few, if any, benchmark indices in weather tiete commercial meaning to broad markets
(Cogen, 1998). Weather is also completely beyomddrucontrol: it cannot be influenced, modi-

fied or manipulated by regulation, speculationfelar major market players or mass-market dy-
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namics. When weather is involved everyone getssttmee deal, because "Mother Nature does

not bargain" (Cogen, 1998).

The difference between weather derivatives and eotonal derivatives is that there is "no
original, negotiable underlying or price of an urigag that normally forms the basis of any de-
rivative" (Muller and Grandi, 2000:274). The ungars employed by standard financial de-
rivatives are negotiable objects such as sharesldy@xchange rates or currencies. The underly-
ing of weather derivatives is based on data (sschamfall and temperature). The purpose of
weather derivatives, therefore, cannot be to heéldgerice of the underlying, because different
facets of the weather cannot be linked to a moypefalue or price. Instead, weather derivatives
are suitable for other objectives, such as hedgthgr risks brought on by the changes in the
weather (Muller and Grandi, 2000:274).

2.7.5 Are weather derivatives the same as normal insuramcproducts?

A weather derivative contract is a contract betwien parties that specifies the payment be-
tween the parties and which depends on certainar@tgyical conditions during the length of
the contract (Geyser, 2004:445).

Insurance companies traditionally offer protectamainst certain weather events, usually to the
extent of the damage inflicted on the suffered (MaR001:325). Weather related, this insurance
is usually against extensive rain damage or replaogs of roofs, in the scenario of houses dam-
aged by for example a hurricane or tornado. Theatstrophic events" are covered by standard
insurance contracts whereas a weather derivatilthedge a person or company against a cer-

tain risk, resulting from a small weather everike lunfavourable temperature changes.

A key difference between insurance and weathewaléves is that, in the case of insurance, the
person has to submit a claim to show that theréoban a loss, in order to receive a payout. With
weather derivatives, the payout is automatic up@rase. Another difference between the two
is that insurance products in general have beerdtakhis increased the price of these products,
while in the over-the-counter markets no taxati@aswnposed upon weather derivatives. Insur-
ance is usually sold for the protection of tangibfentangible assets, including property, com-
modities, vehicles and life insurance. Derivativas,the other hand, are used to mitigate a risk,

and are thus a form of risk management (Mahal, Z2E).
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The standard insurance contract has a few shong@mRichardet al (2004:1005) give the ex-

ample of a farmer who claims a loss under an ima@aontract: Firstly, he or she must prove

that an actual loss occurred on his or her farmadjost crop losses is pricy to manage and it

contains a certain element of subjectivity thadsel pleases farmers. Secondly, insurance is

usually intended to cover events that do not hambem and are usually high-loss events (hence

also "catastrophic events"). Insurance does nogrcevents that occur frequently, even if they

are limited-loss events. Thirdly, alternative totilat pay out based on an objective measure of

the weather can be a preferable substitute, besmme crop insurance products are based on

individual firm losses that are subject to moratdra problems.

Insurance companies provide protection againsténsequences of extreme climatic events and

natural disasters, such as hurricanes, tornadaegathquakes, while weather derivatives pro-

vide protection against more moderate climatic glean such as changes in temperature (Ali,
2004:75).

Weather derivatives do not replace insurance coistraue to the following significant differ-
ences (Geyser, 2004:445).

insurance contracts insure the person/company @aiie premium against high risk, low

probability events, while weather derivatives colesv risk, high probability events,

weather insurance’s payout is a once-off lump duah ¢an or cannot be proportional to the
degree of the event that took place, thus lackiegility. Weather derivatives' payout is

designed in such a way that it is proportionahi magnitude of the event that took place,

insurance will (normally) pay out if there has bgeaof of damage or loss. Weather deriva-

tives only require that a predetermined index vahuwest be passed,

the traditional insurance on catastrophic eventglaively expensive whereas weather de-

rivatives in comparison are not so costly and

unlike normal insurance, it is possible to monifog performance of the hedge during the
life of the contract. Towards the end of the cortiréhe contract holder might wish to re-
lease himself from the derivative, and this is gaes as there will always be a price at
which he/she can sell or buy back the contracingdbat the contract is a traded security.
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2.8 Over-the-Counter (OTC) trading and exchange trading

Weather derivative trades can be executed in a aumibways. Most of the time the primary

market trades is OTC, which means that the tralestgplace between two counterparties
(Jewson and Brix, 2008:7). Trading of the seconaaayket can also be done by voice-brokers,
who operate as intermediates and will persuadécjgamts in the market to execute deals. These
intermediates do not trade themselves, and the deatle by them are also known as OTC trad-

ing. These trades are event-driven (Jewson and B0G8:7).

Another part of the secondary market is tradedx@hanges, such as the CME. These exchanges
list weather derivatives for different countriesldacations, which is based on temperatures for
every month of the year. This index driven weathenivatives ensure transparency by providing
freely available prices on the internet and alsmiehte credit risk since trading is undertaken on
an exchange such as the CME, rather than with anathunterparty. Margin payments are also
made on a daily basis by the exchange (Jewson and2B08:7). Indexed based weather deriva-

tives are usually futures: these are covered irerdetail in Chapter 3.

South Africa still has a long way to go in the depenent of weather derivatives. Currently
weather derivatives are only available over-thentewin South Africa, and most of these con-

tracts are based on weather events influencingwagrre, thus focusing more on farmers.
2.9 The Chicago Mercantile Exchange (CME)

Most of the following information is the CME's owiews, facts, figures and developmental in-
formation about weather derivatives. Any additiomdébrmation from different sources is indi-
cated. This section provides an overview of théohysof the CME, explains CME weather de-
rivatives and contracts and provides the advantdiggisexchange traded weather derivatives

have over the OTC traded weather derivatives.
2.9.1 Background of the CME

The CME was founded in 1898 and is currently theldi® largest and most diverse exchange
for options and futures trading. The CME Clearinguse handles more than 92% of all the fu-
tures and options traded in the US. The CME exscat@most 800 million contracts per year,

worth more than US$460 trillion. US$45 billion oflateral deposits are held daily to support
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the transactions: between US$1.5 billion and US#® of funds are moved to and from mar-

ket participants each day.

The products used cover the major market segmeciisding interest rates, equities, foreign ex-
change, commodities and alternative investmentymisd CME weather derivatives fall under
the alternative investment products category, tugrewvith CME economic derivatives and CME
ethanol futures. These non-traditional investmawndpcts enable customers to distribute and

thus manage their risks in an improved way.

Before weather derivatives came into play, the amdyerage that companies had for weather
risk events were insurance for catastrophic damageash included all the major weather disas-

ters and events like hurricanes, tornadoes andtbaits. A gap was identified for the protection

against non-catastrophic problems that businesgpsrienced, because of the fluctuating

weather conditions. CME weather products filled thep.

2.9.2 CME weather derivatives

CME weather products are futures and options (éxgdain detail in Chapter 3) which have a
temperature-based index. These contracts can bélypam seasonal and are traded in the fol-
lowing cities: US (Atlanta, Baltimore, Boston, Cago, Cincinnati, Dallas, Des Moines, Detroit,

Houston, Kansas City, Las Vegas, Minneapolis, NewkY Philadelphia, Portland, Sacramento,
Salt Lake City and Tuscon), Europe (Amsterdam, iBeEssen, London, Madrid, Paris, Rome
and Stockholm) and Asia-Pacific (Osaka, Tokyo)esitiThe newest derivative that the CME in-
troduced was CME Frost Days Futures, which aresttagkclusively on the CME Globex plat-

form. This derivative was designed to manage tgeifstant risk that is posed by frost, and is

currently traded in Amsterdam (Netherlands).

CME weather derivatives were the first to be tradadhe open market in an electronic envi-
ronment as well as on the CME trading floor, whiave the contracts complete price transpar-

ency.
2.9.3 CME weather contracts

CME weather contracts are concluded between twiliepaand are legally binding. The contract
is settled in cash based on an index value atril@gthe contract after being closed at the clear-

inghouse. The indices that are mostly used arerngedegree days (HDDs) and cooling degree
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days (CDDs). The workings of these indices are arptl in Chapter 3. These indices can be
monthly or seasonal and are determined by the Eatéllite (EarthSat) Corporation, an interna-

tional company in geographic information technoésgiEarthSat's temperature data are provided
by the National Climate Data centre (NCDC). Europaad Asian weather companies calculate

the indices for the European and Asian contracts.
2.9.4 The advantages of CME weather derivatives

CME weather derivatives have four advantages, namarket integrity, price transparency, li-
quidity and accessibility that the OTC market does offer. The CME clearing house ensures
the integrity of each transaction. It uses risk agggment techniques to ensure that both sides of

the contract is able to carry out their obligation.

CME weather futures are traded electronically ean@ME Globex platform, with complete price
transparency showing the top five bids and offaistraders have equal access to the best bids
and offers. The trading floor is used to trade Weather options. The CME weather market is
supplied with continual prices from global markeakers. It is an automated trading system,
which gives real-time, dealable prices and thisvedl the CME to provide outstanding market
liquidity as well as an active trading venue fodigerse set of people and organisations. In the
event of an unanticipated weather occurrence,dtiigcal that anyone must be able to enter the
CME weather derivatives at any time. The CME gutmes easy accessibility for various loca-
tions around the world. Trading on the CME Glob&available almost 24 hours a day, which is
more than any other exchange in the world. Thestamuers can access the trading platform from
740 direct connections in 27 countries, and throtejfecommunication hubs located in eight

countries.
2.10Conclusion

This chapter explained how weather derivativesfia the derivative network. Credit derivatives
were the first kind of derivative that could beigtrered” by a certain event. These events were
called credit events. Just as credit derivativeskesed on an event, weather derivatives were
formed to decrease the risk imposed on companiasnbgvourable weather events. Some ex-
changes similar to the CME also have indexed basadher derivatives, like futures, which are

different from the ordinary OTC trading weatheridatives.
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A background on credit and weather derivatives vggven, and by looking at the CME in the
US, the importance to expand the current OTC weatbgvative market in South Africa was

emphasised.

The next chapter will explain how weather indicesrkvand will look at the different weather

derivatives which are available to hedge an unfestole weather event.
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CHAPTER 3

DEFINING WEATHER M EASURES ANDDERIVATIVE STRUCTURES

3.1 Introduction

The previous chapter explained the concept of veeadlerivatives and introduced aspects of
weather risk. This chapter explains the form amtfion of weather derivatives.

There are a wide variety of weather derivativesiciwlare usually structured as swaps, futures,
and options (both calls and puts based on diffenewlerlying weather indices) (Alataet al,

2002:3). It is important for a hedger or speculatounderstand how each of these derivatives
functions so as to make prudent risk managementrasedtment decisions. Section 3.2 focuses
on weather measures — the underlying "asset” useddather derivatives. Section 3.3 explores
different types of weather derivative contracts anavides a case study of a rainfall derivative

trade in Malawi.
3.2 Weather measures

The construction of a weather derivative — as \aitly derivative — requires an underlying asset
(Hull, 2006:759). The underlying asset of a weathenivative is some variable that defines an
aspect of the weather (e.g. temperature, wind spagdall, snowfall, number of sunlit hours, a
heating degree day (HDD), a cooling degree day (L., (Garmaret al. 2000:1). The

weather variable used depends on contract spdminsa

The following section introduces and defines welathdices and explores HDDs and CDDs in

greater detail.
3.2.1 Weather indices

According to the CME (2008a:3), weather indices marord monthly or seasonal weather pa-
rameters determined by the Earth Satellite (EatjhSarporation (an international company in-
volved with geographic information technologiesartSat's temperature data are provided by
the National Climate Data Centre (NCDC). The inditm the European and Asian contracts are
calculated by European and Asian weather compalmidke winter months in the US and Euro-

pean cities, weather contracts are based on HDIesal.e. days in which energy was expended
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for heating. For the summer months CDD values segl i.e. days in which energy was used for
air conditioning. In Europe, CME weather contraote Cumulative Average Temperature
(CAT) as a base (CME, 2008a:3).

Up until the fourth quarter of 2005, seasonal cxts were for five consecutive months and ex-
cluded the seasonal swing months of April and Gatobhe CME then introduced monthly and
seasonal strip contractsyhich provided customers with the flexibility telsct from two to six
months per contract (CME, 2008a:4). CME rules stiag¢ months must be consecutive and in
the same season (November to April for winter andyMo October for summer) (CME,
2008b:4). If monthly and seasonal strips were foyam South Africa a summer strip would be
from November to April and a winter strip would riem May to October. Customers would

have the flexibility to choose how many consecuthanths they preferred for the contract.
3.2.2 HDDs and CDDs

Between 98 — 99% of all weather derivatives aretham temperature (Garmanal, 2000:1).
A degree-day compares the outdoor temperaturestaralard of 65°F (18°C). For the rest of the
discussion °F is used, as this is the referencesmeaf the CME.

For a specific weather station>and 1,m" are the maximum and minimum temperatures for a

specific dayi. The temperature for dayis defined as the average of the maximum temperatur
and the minimum temperature, or

Tmax+-rmin

=t 1 3.1

= (3.1)

(Alatonet al, 2002:3).

The base temperature is pre-specified, and is lysba?F (sometimes 75°F in warmer climates)
(Garmanet al, 2000:2). An HDD measures the coldness of they damperature if it is com-
pared to 65°F, and a CDD measures the warmth afaiiye temperature if it is compared to 65°F
(Brockettet al, 2005:129). Thus cold days are measured in HDizsvearm days in CDDs.
HDDs are thus used to measure the average tempefatuhe winter half-year, and CDDs are

9 Seasonal strip contracts: A customer may wishuypastrip of CDDs or HDDs contracts spanning avapecific time. Each
contract has a specified strike for each montihénOTC market, it is common for options to be t@riton a multi-month pe-
riod with a single strike over the entire periotheTbenefit of buying a strip of monthly contractghat the strip can be broken
apart more readily than a single, longer-term @mtrThe simplest approach is to purchase a strigalbor put options over
the range of months that are of interest to the (@ensidine, 2000:2).
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used to measure the average temperature for themeurhalf-year (Muller and Grandi,
2000:277).

The determination of a HDD and a CDD is as follows:

For a single day:

Daily HDD = Max (0, base temperature — daily aversgmperaturg ) (3.2)
Daily CDD = Max (0, daily average temperatiire- base temperature) (3.3)

where the base temperature is set to 65°F (Gaetaln 2000:2).

If the right hand side of Equation 3.2 < 0, thelydaiDD = 0. If the right hand side of Equation
3.3 <0, the daily CDD = 0.

For cumulative days the following equations areduse

HDDs =" max(0,65°F T, (3.4)

CDDs =" max(0]T, - 65°F (3.5)

where the subscrigtindicates that the measures are cumulative (Z20@Q:2077).

Figure 3.1 is a fictional illustration of the meesment of the temperature for 12 consecutive
days from a weather station. The dashed line repteghe 65°F pre-specified temperature, and
the heights of the bars are the actual averagegeiye measured on each day.

31



Figure 3.1  The determination of HDDs and CDDs.
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Source: Adapted from Muller and Grandi, 2000:277

The CDD is measured from the dashed lipevards towards the top end of each bar which is
above 65°F and the HDD is measured from the dakhedlownwvards toward the top end of
each bar below 65°F. Figure 3.1 shows that the @pDay 1 is 20°F (85°F — 65°F). The CDD
for Day 2 is 10°F (75°F — 65°F). Day 3 is 15°F aadn. On days 4, 7, 8, 9 and 10 there are no
CDDs, but HDDs, as temperatures then are lessthigabase temperature of 65°F. The HDDs for
Days 4 and 7 are then 10°F (65°F — 55°F), for Ddne81DDs = 20°F (65°F — 45°F), and so on.

When HDDs and CDDs are used in weather contraetg dne usually employed in cumulative
form, cumulated over a period of time (e.g. a mantla season). The calculations in Tables 3.1

and 3.2 provide an example for daily HDD and CDM@ #re cumulative HDD/CDD for a week:

Table 3.1: Daily and cumulative HDDs measured ovesne week.

CALCULATION OF HDD DATA TOTAL HDD ¢
Day| 1|2 | 3|4 |5|6]|7

Average daily temperature| 50 | 48 | 55| 67| 61 | 51| 49
HDD | 15|17|10| O | 4 | 14|16 76

Source: Garmaat al, 2000:2.
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Table 3.2: Daily and cumulative CDD measured over one \e&.

CALCULATION OF CDD DATA TOTAL CDD ¢
Day| 1|2 | 3|4 |5|6]|7

Average daily temperature| 76| 66 | 64 | 60| 68 | 70 | 74
cCbb|11|1|0|0|3]|5]9 29

Source: Garmaat al, 2000:2.
The total (or cumulative) CDDs are the simple surthe CDD for every day in the sample.

Statistics are also available for indices othentH®Ds and CDDs: some contracts use growing
degree days, average temperature, maximum or minit@mperature, precipitation (such as
rainfall or snowfall), humidity and even sunshirsetiae underlying asset (Campbell and Diebold,
2003:1).

The next section defines a simple weather derigatontract and elaborates upon the different

contracts that are available for hedging purposes.
3.3 Weather derivative structures and contracts

Weather derivatives usually take the form of fusyrgptions (calls or puts) and swaps which are
based on the different underlying weather indidéat, 2008). According to Climetrix (2008),
standard derivative structures on which weatheivdiéves are based are usually puts, calls,

swaps, collars, straddles and strangles.
Six common types of products used in weather riakagement market include:
» weather calls,
» weather puts,
* weather swaps,
» weather collars,
* weather futures and

» weather binary options.
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3.3.1 Standard weather derivative structures

Each contract must comprise certain characteristics
 the length or period of the contract, with a startl end date,
* aweather measurement station,

* a weather variable, which is measured at a measntestation as specified in the contract,

over the contract period,
» an index, which will aggregate the weather variaiver the length of the contract,

* a pay-off function, equation or model, which witirovert the index into the settlement value

and

* a premium that is paid to the seller by the buyeha start of the contract —only applicable

for some kind of contracts (Jewson and Brix, 2008:4
In addition, the following need to be in place:
* a measurement agency which will measure and eeathatweather variable,

» a settlement agency, which will have the final eagr the values of the index according to

their own algorithms,
* a back-up station, in case the main station isosbotder and
* atime period over which the settlement will takace (Jewson and Brix, 2008:4).

The list of contracts that are being traded is wileging and is constantly evolving (Garmetn
al., 2000:3). When pricing a weather contract thetnmaportant features of weather derivative

structures are (Climetrix, 2008):

» the strike price — the price at which an optiodli® to be exercised at some time in the fu-

ture, or when the contract starts to pay out,
 the tick size — the payout amount per unit increéagbe index beyond the strike price and
 the limit — the maximum payout of the contract.

The following seven parameters are used continyaisbughout the examples which follow
(Zeng, 2000:2076):
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* contract type,

e contract period,

 an official weather station from which the meteogital data are obtained,
» a definition of the weather indeXj underlying the contract,

 the strike price$),

* the tick sizeK) or constant payment,) for a linear or binary payment scheme and

* the premium paid.
The various contracts can now be examined sepgratel
3.3.2 Weather call and put options

Ray (2004:299) stipulates that all weather optiares European in style, meaning contracts can
only be exercised after the full length of the caat, i.e. at contract maturity. This is in opposi-
tion to American style options that may be exetigeany time during the contract but before

maturity.

The holder of aveather call optiorhas the right, but not the obligation, to buy tbatract at the
striking price (Zeng, 2000:2075 and Ray, 2004:298g buyer and the seller have to agree on a
contract period, as well as the weather indéthat will serve as the basis or the underlyingtss
of the contract. As an exampM/ may represent the total rainfall during the lengththe con-
tract. At the start of the contract, the buyer paysemium to the seller and at the end of the con-
tract, if W is bigger than the pre-negotiated threshold dkespriceS the buyer receives a pay-
outP = k(W — S¥rom the seller.

When the payment is structured as bindry,fixed amountP, is received ifW is bigger thars,
or otherwise no payment is received (Zeng, 200(B22¥76).

The holder of aveather put optionas the right, but not the obligation, to sell toatract at the
striking price (Ray, 2004:299). put contract works in the same way as the call cohteept
that the buyer receives a payoutPE k(S — W)from the seller wheW is less than the pre-

19 See binary or digital options, Section 3.3.
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negotiated threshold or strike priSeWhen the payment is structured as binary, a fexedunt

P, is received ifSis bigger tharw, or otherwise no payment is received (Zeng, 200BR07

In the case where temperature is the underlyirdpllar amount is associated with every degree
day when the payoff is calculated (Garnerml, 2000:3).

Figure 3.2: Example of a call option.

Consider a CDDs call option with a strike of 1 G@DDs which will pay US$3 000 per degree-
day. The cumulative CDDs must be determined owelahgth of the contract, and the strike of
a 1 000 CDDs should then be subtracted from thikid value is > 0, it should be multiplied by
the pre-determined US$3 000. Thus the payoff fir dption is: (Garmaet al, 2000:3)

1=

Call Payoff = $3000x Max(0,CDQ, - 1000

where

CDD,; = the cumulative CDDs over the life of the contrac

In general, Equations 3.6 and 3.7 are used to septethe payoffs of weather put and calls:
(Garmaret al,, 2000:3)

Call Payoff = p($/ DD)x Max0, W, - 9 (3.6)
Put Payoff= [g$/ DD)x Max0, S W) (3.7)
where
p($/DD) = the per degree day payoff,
w,, = the underlying (for example a HDD/CDD) and

S=the strike price, in terms of the associatedeulythg measure.

An investor who has purchaseccall option will receive the payoff if the recorded HDDs or
CDDs are greater than the strike pr&e\n investor who has purchase@w optionwill receive
the payoff if the HDDs or CDDs are lower than tkréke priceS (Garmaret al., 2000:3).
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Companies and individuals such as farmers (who wistse put and call options to manage their
risks against unfavourable weather circumstandes)ld understand how to use put and call op-

tions to their favour.

Table 3.3 gives a good example of how to use pdtcatl options to mitigate risk, when the un-

derlying is temperature:

Table 3.3: A system for temperature options.

OPTION | PROTECTS AGAINST: | EXERCISE WHEN: PAYOUT:

HDD call | Very cold winters HDD > strike price | tick sizex (HDD — strike price)
HDD put | Very warm winters HDD < strike price | tick sizex (strike price — HDD),
CDD call | Very hot summers CDD > strike price | tick sizex (CDD - strike price)
CDD put | Very cool summers CDD < strike price | tick sizex (strike price — CDD)

Source: Miiller and Grandi, 2000:278.

Table 3.3 can be used by energy companies whotwistitigate against very warm or very cool
winters and summers. In the case of a warm witier,energy company will have to exercise
their HDDs put options if the HDDs are smaller thiea strike price. The payout is the tick size,
as pre-negotiated, multiplied by the differencenssin the HDDs and the strike price. When a
cold winter is expected, the weather call optiorexercised if the HDDs are above the strike
price, and the payout is the tick size multipligdtbe difference between the strike price and the
HDDs. In the case of a cool summer, the energy emywill exercise their CDDs put options if
the CDDs are smaller than the strike price. Theoptis the tick size, as pre-negotiated, multi-
plied by the difference between the strike pricd e CDDs. When a hot summer is expected,
the weather call option is exercised if the CDDs @bove the strike price, and the payout is the
tick size multiplied by the difference between #tieke price and the CDDs. This way the com-
pany is compensated for the loss that would haea lrecurred if they did not take out the op-
tions: For example less energy would have been faeldeaters in the warm winters and less
energy would have been used for air-conditioninthncool summers, and the company's reve-

nue would have declined.
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Figure 3.3 and Table 3.4 illustrate the purposetantnique used for a weather option hedge to

protect a company against the risk of a declinewenue due to the weather:

Figure 3.3: Example of a CDD put option for the smmer half-year.

Assume that an energy company wishes to protesif @gainst a decline in revenue in the event
of the declining demand of energy, because of § weol summer, where little use is made| of

air-conditioning systems.

Table 3.4: Specifications of the CDD weather putpiion.

City Start End Deal | Strike' | Tick size (R) | Limit (R) | Price (R)
Jhb, Gauteng 1-Nov-07 | 30-Apr-08| CDD put| 985 15 000 3 million | 335 000

Figure 3.3 and Table 3.4 demonstrate that the greengpany will buy a CDD put option for the
summer half-year (a long put). The specificatiohths contract are as follows:

. the contract is a summer strip put option, whigrtston November®] 2007 and ends on
April 30™, 2008,

. the strike value is set at 985 CDDs, the tick #8zR15 000, the floor is R3m and the price
of the put option is R335 000,

. the strike value of 985 CDDs are used as a basiscarresponds to an average tempera-
ture, which is calculated over 180 days, namely 7% = [985/180] + 65°F,

. the break-even point’__ can be determined by using the option price aaditk size, by

CDD

following the linear relationship,
Tick Sizex (Strike Value — Break-Even Point) = Option Price
thus
Tick Sizex (Strike Value — Break-Even Point) — Option Pricé =

15000% (985 XZ,, » 335008

11 The strike price is measured in CDDs, and detezmthe exercising of the option.
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985- X, = 335000/15008 22.:
X2 =985- 22.33- 962.6 and

. by using this break-even point of 962.67°F, a gpoading average temperature can be
calculated: [962.67/180] + 65°F = 70.34°F.

This value should be interpreted as follows:

For the buyer to obtain a positive payout from thyion, the average temperature during the
length of the contract should not exceed a maxinefii0.34°F. If the average temperature is
greater than 70.34°F, the option should be exatdigeghe buyer up to an average temperature of
70.47°F. This is the amortisation of the optimamium. If the average temperature is greater

than 70.47°F the option expires and the expendisutiee option price, namely R335 000.

Based on this, the payoff of a long put option cactt can be formulated as follows (Muller
and Grandi (2000:280)):

Payoff Long Put Mif = OP k Md®, S CDBP C (3.8)

where

180

CDD =) (T(-65) OT (t)> 65,
t=1

L = limit (floor),

OP = option price,

k = tick price and

S =strike value.

As an example, assume a total of 800 CDDs is medsover the length of the contract. This

implies that:

Payoff Long Put Mif3000006- 335000,15080 Max [0,985 860] 335C
=15000¢ (985 800} 335009R 2440(

Figure 3.4 illustrates these results.
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Figure 3.4: Payoff diagram of a long put option fo protection against a too-cold sum-

mer.
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Source: Miller and Grandi (2000:281).
3.3.3 Weather swaps

A swapis an agreement to exchange cash flows in thedw@acording to a pre-arranged formula
(Hull, 2005:522). Garcia and Sturzenegger (2001&xf)lain a wap as a privately negotiated
financial contract in which two participating padiagree to exchange specific, pre-determined,
price risk exposure over a period of time. It iscatlefined as a combination of a call sold by
party A to B and a put sold by party B to A (Ze2§00:2076). The swap requires no premium
payment at the beginning of the contract, and atethd of the contract, party A will make a
payment ofP = k(W — S)o party B. IfP is negative, the payment is actually made by B.ttn

the case of a swap, the stri8es selected in such a way that the put and thecoaimand the

same premium (Zeng, 2000:2076).

The section above represents a simplified explanatf a weather swap: it is important to re-

member that there are no standardised swap tramsscMost swap transactions comprise an
exchange of periodic payments between two par@es. party pays a fixed price and the other a
variable price. All the specific terms of the swagreement such as the weather index, floating
price reference, the terms of the contract andjtlantity to be hedged are set by the two parties.

These can vary just as the needs of the partigsfi@n one contract to the next. A swap can be
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customised by volume, timing, location and seastynahd is settled in cash against a pre-

negotiated market price index (Garcia and Sturzgae@001:57).

For most weather swaps, there is only one duewlla¢s the cash-flows may be swapped, as op-
posed to interest rate swaps, which usually haverakswap dates. Weather swaps transact with
no initial exchange of money and are therefored'zmyst” contracts (Faure, 2006:14-15). This
zero-cost feature of swaps is sometimes attrattiv@eculators? because this allows them to
build a risk portfolio and to assume risk positiowgghout the preliminary expenditure of capital
(Dischel and Barrieu, 2002:26). For a weather svifafhe real index value is higher than the
swap level, the seller of the swap makes a paynwetite buyer of the swap. If the real index
value is lower than the swap level, the buyer ef shvap makes a payment to the seller of the
swap (Faure, 2006:15).

Figure 3.5: Example of a weather swap.

A simple example is an electricity provider whontezs into a CDD swap to ensure that his
revenue flow is protected from an abnormally caohmer. If the number of CDDs for the pre-
determined summer period exceeds the stipulatad time electricity provider makes a payment.
If the number of CDDs is less than the pre-deteeaiiimit, the electricity provider receives| a

payment, which helps to maintain the average comparenue.

The amount of payments made is determined by fifereince between the actual CDDs and [the

stipulated pre-determined limit (Faure, 2006:15).

A general equation for a swap payoff is as follof@armaret al, 2000:4)

Payoff = Mir{ p$/ DD)x Max0, W, - § Jh- Min(f/ DpPx M& S W, | (3.9)
where
p($/DD)= per degree day payoff,

w.. = underlying (for example HDD/CDD),

T

S= strike, in terms of the associated underlyingsuee and

12 gpeculators: A speculator wishes to take a pasitiche market, and will bet that a price of aseaswill go up or down. This
is opposed to hedgers whom wish to avoid exposuaglterse movements in the price of an asset (BQ06:11,756).
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h = maximum payoff denominated in dollars.

Figure 3.6:  Graphical presentation of a swap withtCDDs as the underlying asset.
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Source: Garcia and Sturzenegger, 2001:57

An investor who has purchased the swap as illestrat Figure 3.6 receives payment if the
CDDs is greater than the strike, or the swap lemad, will make a payment if the actual CDDs is

lower than the swap level.
3.3.4 Collars

Geyser (2004:447) explains thatallar is a modified version of a swap. The parties ixed|
have an agreement only to make payments when tderlymg W moves outside a pre-
negotiated upper and lower level. A collar, likeveap, is a combination of a call sold by party A
to B, and a put sold by party B to A. The differens that the put and call have different strike
levels (Geyser, 2004:447).

Collars protect the buyer from extreme market moxaisy by constraining price movements
within a defined range (Garcia and Sturzenegged1 D). A collar involves financing the pur-

chase of a put (call) with a particular strike dahd selling of a call (put) with a different strike

(Garmanet al, 2000:4). There is usually no cash premium pardaf collar, thus they are also

called costless collars (Garcia and Sturzenegd@#)1:89). The payoff is calculated as follows
(Garmaret al, 2000:4):

Payoff = Mi g$/ DD)x Max0, W, - $, I~ Min(®/ DDx M ,S W 1 (3.10)

where
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p($/DD) = per degree day payoff,

W, = underlying (for example HDD/CDD),
S, = Strike 1 and Strike 2, in terms of the assodiatederlying measure and

h = maximum payoff denominated in dollars.

Figure 3.7:  Example of a CDD collar.

Consider a CDD collar with a short put strikg, of 900 CDDs and a long call strik&, of
1100 CDDs which will pay R2 500 per degree-day. Thg* value is pre-determined at R1 0D0

000. The length of the contract is five consecutivanths, and the cumulative CDDs are calcu-

lated at 1 250. The payoff diagram for this tratisacs indicated in Figure 3.8.

The equation for this CDD collar is:
Payoff = Mirf R500x Max0, CDR} - 900}, RO00000t Min R2508 Max0,1106 CDp }, RO00QO]
where

CDD,; =the cumulative CDDs over the life of the contrac

First the cumulative CDDs must be determined dkrerlength of the contract. In this case it is
already given (1 250). The put strike (R900) must be subtracted from the cumulative CDDs
and the maximum of this value and 0 must be detexdchiln this case the maximum value is
350. This value is then multiplied by the pre-négfed R2 500. If this value is smaller than the
cap value of R1 000 000 it should be used, otherttise cap will serve its purpose and the value

of R1 000 000 is exercised. In this case the smadlkie is used.

1250 — 900 = 350
Max{0,350] = 350

350 x R2 500 = R875 000

Min[R875 000 , R1 000 000] = R875 000

The same needs to be undertaken for the call sBikexcept the cumulative CDDs should now

be subtracted fronS,, and the maximum between zero and this value imeistetermined. In

13 A cap value is the upper limit of which can bedpilull, 2005).
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this case the maximum value is zero and when ntietifoy the pre-negotiated R2 500 it re-
mains zero. If this value is smaller than the calue of R1 000 000 it should be exercised, oth-

erwise the cap serves its purpose and the valRd &00 000 is used. In this case 0 is used.
1110 -1250 =-150
Max0, -150] =-150
0xR2500=0
Min[0, R1 000 000] = RO

The last step is to subtract the second value frensecond to find the payoff value, thus:
Payoff= R875 000 — RO =R875 000.
Figure 3.8:  Graph of payoff of collar in Figure 37.
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Source: Garmaat al, 2000:4.

Any payoff value may be read from the graph in Feg8.8. In this example, the 1 250 CDDs
provide a payout of R875 000. The cap is set aOD®RL000 and if any value moves beyond this

level, 0 is assumed in further calculations, asceted in the example.
3.3.5 Digital or binary options

Binary optionsare options which have sporadic payoffs which agyre-negotiated amount if a

certain index value (e.g. a certain temperaturdemyree day level) is reached or 0 (Garcia and
Sturzenegger, 2001:59). dash-or-nothing calls an example of a binary option and pays out a
fixed amount if the underlying value is above thiéke value at the end of the contract, and pays

out nothing if the underlying price is below thelst price. Acash-or-nothing puis similar to
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the cash-or-nothing call, and pays out a fixed amduthe underlying value is below the strike
value and 0 if the underlying value is above thikatvalue (Garcia and Sturzenegger, 2001:59-
60).

Equations 3.11 and 3.12 are used for digital oatyioptions (Zeng, 2000:2077):
Payoff,, = B if W- S<0; Payoff,= 0 if W 8 C (3.11)
Payoff,, = R if W- S0; Payqff = 0 if W S( (3.12)
where

P, = the pre-negotiated fixed amount,

W =the underlying and
S =the strike value, in terms of the associated ugadeylmeasure.

Figure 3.9:  Example of a binary option with snowf# as the underlying.

A snow blower retailer promises his customers astauttial refund if the total snowfall for the

coming winter is less than a certain threshold.

As a result, the company faces a substantial iigbflthe snow level falls below the threshold

for that winter. Using a binary option, the compaman transfer this risk by the purchase of a
snowfall binary put option with a strike value tlimtequal to the threshold in the refund contract
(Zeng, 2000:2077).

Assume each customer pays US$30 every two weekbhdosnow blower's services. The snow
blower retailer promises a US$10 refund per custdoreeach week, if the snowfall is less than

4 inches in that specific week.

The snow blowing company takes out binary put omitor each week (number of option

7]
]

number of customers) and pays a premium of US$2dch option, which in return pays out
US$12 per option if the snowfall is less than tireshold of 4 inches snow.

The following are fictional data for snowfall in &eland, Ohio for a hypothetical December:

Week 1:9 inches Week 2:10 inches Week 3:3 inches Week 4 2 inches
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In weeks one and two, the company receives thanedoom customers and put options pay O.
In weeks 3 and 4, the binary options pays out teenpgotiated amount of US$12 per option |and
the company may use this to reimburse their custome promised. US$10 is allocated to each
customer and the remaining US$2 is used to compefsathe premium paid in the beginning

to take out the options.
Figure 3.10 shows a graph of the example in Fi@®e The threshold indicates that the option
pays either O or the pre-negotiated amount.

Figure 3.10: Graph of payoff of figure 3.9.
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Source: Author.
3.3.6 Weather Future Contracts

A futures contracis one which obligates the holder to buy or sellageet at a predetermined
delivery price during a specified future time perigiull, 2006:749). In the case wfeather fu-
ture contractghe underlying is not a physical asset, but a weatidex, as opposed to options
and swaps which are triggered by certain evenendatrdised future contracts written on tem-
perature indices have been traded on the CME sDuteber 2003 (Benth and SatiyBenth,
2005:53) and this trading on futures which aretemiton temperature indices are offered to sev-
eral US and European cities. The underlying thaisisd for weather futures are the number of
HDDs or CDDs and in Europe future contracts ardtamion the cumulative average tempera-
ture (CAT) over a season (Benth and Saienth, 2005:75).
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Figure 3.11: Example of how to hedge with weathdutures.

For this example 18°C is used instead of 65°F@sdmparable degree-day temperature to place

it in a South African context.

ABC Entertainment Ltd., an amusement park in Gaytenshes to hedge the risk of an unusu-
ally cool March. March is one of the most profiglbhonths of the year, because it is towards the
end of the summer and the park still receives nfargign tourists. The company is, howeyer,
aware that should the temperatures be unusuallyfeothe month, many tourists will rather do

something else than go to the park which will selyeaffect the company's revenues.

Assuming that the daily average temperature in KlamcJohannesburg is 28°C, the contract is
written on 31 days and the tick price is set at R{E20x R8 — estimated exchange rate). The
company believes that March is 5°C cooler thanatverage historical temperature for March.
The marketing manager calculates that this wiluoedrevenues by R500 000 and the financial
advisors propose that the company should entetuweaty-five March futures contracts to sell a
CDD Index.

The average CDDs will then be: 28°C — 18°C = 10°C
The index value is: 10°¢ 31 days = 310
The index cash value is: 3¥0R160 = R49 600

Suppose that March is indeed 5°C cooler than norhim index value is:
5°Cx 31 days = 155

The index cash value is: 155R160 = R24 800

The company would cancel its contracts in April lmyying them back. Since the company
bought each contract at R24 800 and sold eachamirfor R49 600 each, it realised a gain of
R24 800 per contract and consequently R620 006tat for the 25 contracts. This is more than
enough to cover the estimated loss of R500 00Gidyrtarket manager.

Should March turn out to be unusually warm, ABCdtt@inment Ltd realises futures losses,| but
these losses would be offset by gains in the incgereerated by the amusement park. Ejther
way, the company has locked in its normal Marclenese.

Adapted from: Faure, 2006:15-16
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For a summary of the transaction which was expthind=igure 3.11 see Table 3.5.

Table 3.5: Hedging with weather futures.

SPOT MARKET FUTURES MARKET RESULT

Sell at R49 600
| Buy at R24 800

” Gain: 24 800
per contract

February: February:

ABC Entertainment Ltd wishes to | ABC Entertainment Ltd sells March contract
hedge against a possible cool Mafaturrently priced at R49 600 each

April: April:

ABC Entertainment suffers a de- | ABC Entertainment Ltd cancels futures posi;
cline in revenue in March due to | tion by buying back March contracts, now
cool weather priced at R24 800 each

Net result:

Futures gains
offset spot losses

Considering international markets, the CME settleingice of the underlying weather index,

measured in HDDs or CDDs, is equal to the valuthefrelevant month's or season’'s HDDs or
CDDs multiplied by the tick price of US$20. Thektiprice was first set to US$100, but later re-
duced to US$20 (CME, 2008c).

The trading of weather future contracts makes #ispge for businesses to protect against losses

which are caused by unexpected changes in weathditions.
3.3.7 World Bank weather derivative

A weather derivative trade finalised on Octobe2Q08 was intended to hedge the Malawian
government against the financial risk of severeaiastrophic drought (Pengelly, 2008:17). The
pilot trade of roughly US$3 million in notional sizvas expected to be the first in a series inter-
mediated by the institution, aimed at enabling dtgveg countries to hedge against weather
risk. The deal was part financed by the UK Depaninfier International Development. The trade
was linked to an index based on the average daiihfall between October and April across 23
individual weather stations in Malawi. The watequgement satisfaction index was weighted
with a bias towards regions that were more impoértanproducing maize, the country's staple
crop. According to Pengelly (2008:17), Julie Daviigshington-based technical specialist in the
World Bank's agricultural and rural development oomdity risk management group explained
that this model in question has been used by thvergment since 1992 to do predictions on

maize production, and that this model has beentadagightly to use as the basis for an index-

48



based derivative product. Malawi's rainy seasdgpgally between October and April, with the
harvest running until July. Any payout from the Wesa derivative would have come by April or
May. Dana continued to say that the payout frora thstrument would provide contingency fi-
nancing to the government in a new way, becaustheftimely and predictable payout that
would be available in the process. The next steghi® World Bank is to investigate the possibil-
ity of using any payout from the weather derivasiwentract to purchase a call option on maize

to lock in future prices.
3.4 Conclusion

This chapter explained the working of weather denae contracts. The most important concept
is the difference between weather derivatives drivgeventsand weather derivatives driven by
indices Weather derivatives which are triggered by amewerve as OTC market derivatives

and weather derivatives like futures have indicethair underlying.

The next chapter focuses on how weather derivativepriced by examining the pricing models

used internationally.
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CHAPTER 4

THE PRICING OF WEATHER DERIVATIVES IN FOREIGN AND

DOMESTIC MARKETS

4.1 Introduction

In Chapter 2, credit derivatives were discussethadase from which weather derivatives are
derived, followed by weather derivatives in genemalChapter 3, different weather derivative
contracts were discussed. The next step is to@arprice for a specific weather derivative con-

tract. This is the focus of this chapter.

Knowing what to pay for a weather derivative isgngicant issue to buyers and sellers of con-
tracts. The price may be linked to either a weadwent or to an index. Campbell and Diebold
(2003:6) explain that when modelling weather riglere are two alternative statistical methods
which can be used. One is to estimate the distobudf the weather event directly, parametri-
cally or non-parametrically. The other is to depeb daily model of the underlying weather
variable from which the relevant weather index rttegn be derived.

The most common weather derivative pricing modeldiscussed in this chapter. Most pricing
models used in foreign markets are based on a HBxi or a CDD index. These indices — as
well as weather derivatives that have rainfalltes underlying — are employed efficiently in the
South African market. The next section focusesitierént methods and principles when pricing
a weather derivative. Section 4.3 will focus onphieing of event driven derivatives.

4.2 Pricing methods and principles

This section explains four different pricing modaked in foreign markets to price weather de-
rivative, namely the Black-Scholes pricing modék Historical Data or Burn Analysis Model,
the Monte Carlo Based Simulations model and MeareRie@g models. Before this can be done,
a quick revision of the standard option pricingaihyeis necessary before investigating its exten-
sions later in this chapter.
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4.2.1 Understanding the weather evolution models

Predicting the weather is a hazardous task becau#igple variables dictate the characteristics
of the weather. By looking at the past, previodsrmation can be obtained about possible be-
haviour of the weather which can be assumed adaef@ehaviour, because changes in the
weather seem to follow a cyclical pattern with sowaiability (Garcia and Sturzenegger,

2001:17).

Geometric Brownian Motion (GBM) represents a prgcbg which a variablé; moves with
drift 4 in a perioddt with varianceo? around the drift. Such a process is representestdsy

chastic differential Equation 4.1, (Tindall, 2006)1
dX, = u.dt+o.dwy 4.1)
where
M = drift,
o = volatility,
t = time and
W, = representing the GBM process (or a Wiener pisjces

This may be satisfactory for modelling biologicabgesses, but GBM is the process that is gen-
erally used to model financial variables such ametand commodity prices. GBM is used be-
cause simple log functions do not permit negatimeameter values. Such values are essential
when modelling asset or derivative returns (whiok, @ turn, used to model prices) (Tindall,
2006:16).

GBM will also be used in the discussion regardiregthier derivatives. Garcia and Sturzenegger
(2001:17) defined the probability space in which tierivative operates as:

Probability Space $Q,F,,P) (4.2)
where
Q =the set of states of nature,
F, = the filtration of information available at timend
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P = the statistical probability measure.

Within this probability space GBM is then represehby the following stochastic differential
equation (Garcia and Sturzenegger, 2001:17):

% = 4(T , dt+o(T, AW (4.3)

t

where

U(T,,t) = the drift represented by a mean-reverting preedsich captures seasonal cyclical pat-

terns,

o(T,,t) = volatility parameter,

t = time,

T, = temperature and

W, =the GBM (or Wiener) process, whahé is normally distributed with variangethusW, ~

N(O,t) (Swart and Venter, 2006:114).

Special attention should be paid to the volatiigrameter (Garcia and Sturzenegger, 2001:18).
A time-window frame needs to be established in iotdecalculate the volatility. To do this it is
important that there are no missing data othertisevolatility parameter is biased. The consis-
tency of historical patterns is also important,&aese it is repeated in the future making it a reli-
able parameter.

The next step is to construct a riskless portfelioch should also yield a risk-free rate. This will

give the partial differential equation (PDE) focall option (Garcia and Sturzenegger, 2001:18):
-tF +rF S, + Ft+%|:ssa2s2t:o, 0<S§, 0<t<T (4.9
with the corresponding boundary condition given by:
F(T) =max[§ - K, 0] (4.5)

where

F = payoff of the option contract (using the Fundamiehteeorem of finance),
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S = asset price,

t = time,

r = interest rate,

U = instantaneous standard deviation or volatility,
T = length of the contract and

K = strike price.

Garcia and Sturzenegger (2001:18-19) stress tlkeatdhstruction of such a riskless portfolio is
possible with cases of share options or interassigee securities when the underlying is traded.
However, when working with weather derivatives g@me argument can no longer hold as
weather isnot traded: there is no concrete underlying such sisase or a treasury bill. Weather
options are written on cumulative HDDs and CDDsasoexotic option should be considered,
namely an Asian-type option. Asian options ardoo® whose payoff depends on thaeerage
price of the underlying instrument during a specifperiod, rather than the price of the underly-
ing asset on the maturity date (Hull, 2005:509).

Assuming that the price driven under the risk-adidgrobabilityQ is described by (Eydeland
and Geman, 1999:11-12):

dS()=rg ) dtro $ Xt dW)i (4.6)
and also assuming that the number of values whielb@ing computed is sufficiently large as to
allow the representation of the avera@g® over the interval [0} by the integral:

1) :%jS(u) du 4.7)

thus the valuation formula of an Asian call optairtimet can be expressed as:

C(t) = E[e" T O max(I(t)- k,0/F] (4.8)
where (Garcia and Sturzengger, 2001:19; Eydeladdz®eman, 1999:12 )
C(t) = value of the Asian call option,

I(t) = the spot price as per definition of an Asiarti@p (the value of the integral),
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Q = risk adjusted probability,

S = asset price,

t = time,

r = risk-free rate,

0 = instantaneous standard deviation or volatility,
T = length of the contract and

k = strike price.

Let V denote the value of an Asian option anddeenote the price of the underlying asset. The
PDE shown in Equation 4.9 must be solved with appate boundary conditions (Garcia and
Sturzenegger, 2001:19):

2 2
CARCAR R SCA A SVAT (4.9)
&t 2 35S 4SS O

Tindall (2006:14) argued that the Black-ScholexiRg Model used the same PDE as Equation
4.9 in the famous hedging method to derive a dattferential equation — which is no longer a
stochastic equation — for the dynamics of the opfidce based upon the GBM of Equation 4.3.

The next section explains the Black-Scholes prionoglel.
4.2.2 The Black-Scholes pricing model

Black and Scholes developed this model in 1973rimeut and call options (Black and Scho-
les, 1973:637:654), and it remains in wide use fod#e following ideal conditions were as-
sumed in the equation’s construction (Black andofxt) 1973:640):

» the asset price follows a lognormal random walk,

» the risk-free interest rate and the asset volatie known functions of time over the life of

the option,
» there are no transaction costs,
» the underlying asset pays no dividends duringiteeof the option,

» there are no arbitrage possibilities so that ak-free portfolios must earn the risk-free rate,

54



 trading takes place continuously and
» short selling is permitted and the assets areitlleis

Following from Equation 4.9, Jewson and Zervos @0Pexplained that the Black-Scholes par-

tial differential equation adapted for weather datives is:

N 1520V sV g (4.10)
t 2505 oS

where

V = payoff of the option contract,

S= asset price,

t =time,

r = interest rate and

U = instantaneous standard deviation or volatility.

Equation 4.10 corresponds to the Black-Scholes temufor weather swaps trading with pre-

mium S. The only difference from the actual Black-Schagsation is the coefficients.

Following the same hedging procedure as used iwidgrthe Black-Scholes equation, the dy-

namics of options on a futures contract are giweiduation 4.11:

al +Ea‘282
ot 2 0S

0_2\2_ V=0 (4.11)

where

V = payoff of the option contract,
S= asset price,

t = time,

r = interest rate and

U = instantaneous standard deviation or volatility.
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Note that the third term on the left hand side qu&ion 4.10 has been removed to arrive at
Equation 4.11. This is the same equation that wbaldsed to calculate the price of an option on
a dividend-paying share in which the dividend yields equal to the risk free rate and can thus

could be used for weather derivatives.

For ease of understanding and using the Black-8shpticing model a standard notation was

introduced by Tindall (2006:18). The option priageafutures contract can thus be written as:
V(y,)=€".BY yt10) (4.12)

where

V(y,t) = option price,

BS()= standard Black-Scholes Pricing formula,

y = asset price,

t = time,

r = interest rate and

0 = instantaneous standard deviation or volatility.

The Black-Scholes model, however, is based upomngsisons (explained above) which do not
apply sensibly to weather derivatives (Garnearal, 2000:6). The Black-Scholes pricing meth-
odology is based on continuous hedging (NelkenPD22)0 This works well when pricing options
on currencies, shares, commaodities or other fuegiskets that can be traded in the spot market.
When considering weather derivatives, the undeglymnot traded (Mahal, 2001:329). This

makes the Black-Scholes an ineffective pricing radthogy.

One of the main assumptions behind the Black-Schwiedel is that the underlying asset of the
contract always follows a random walk without meawersion. In the case of weather deriva-
tives based on temperature the underlying is HDDS@Ds. This implies that the temperature
could wander off to any level whatsoever (Garneairal, 2000:6), which is an unrealistic sce-
nario. Figure 4.1 shows different simulated dadynperature values for three consecutive
months, assuming no mean reversion. The simulaegdratures differ significantly from the

expected temperatures, and the variability alsoeases with time. It is clear that the random

walk with no mean reversion simulated temperataresentirely unrealistic, since towards the
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end of the simulation temperatures reached as dwsgiR0°C and as low as minus 30°C for the
same day of the year.

Figure 4.1: Random walk processes without mean revsion.

40 |
Expected
temperature

20

Temperature (degrees C)

1 Months 2 3
Source: Garmaat al. (2000:7)

Garmanet al (2000:7) also assert that the Black-Scholes ftatimn is inadequate for weather
derivatives for the following reasons:

» weather does not "walk" like a random walk of aseaprice which can in principle wander
off to infinity or zero, it will not apply. Instead/ariables such as temperature tend to remain

within relatively narrow bands because of the messerting tendency of the variable, con-
stantly reverting to historical level,

weather is not "random” like an asset price imatsdom walk process. Because of weather’s
inherent nature, it is approximately predictableghae short run and approximately random

(around historical averages) in the long run. Timglies that short-dated weather deriva-

tives may behave fundamentally different than theig-dated counterparts,

« weather derivatives usually provide an average rlyidg over a period of time, whereas

Black-Scholes option payoffs are determined byvhlee of the underlying asset exactly at
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the maturity of the contract. Thus, weather densapayoffs behave as average price op-

tions or Asian options, rather than pure Black-3etoptions,

* many weather derivatives are capped or flooredhénpayoff, whereas the standard Black-

Scholes option does not provide for this and

» the underlying variables of precipitation or tengiare cannot be free of economy risk aver-

sion factors, whereas the Black-Scholes pricingehatk set free of these risks.

For all of these reasons, the use of the Black-8sh@ricing Model will not be effective in the
pricing of weather derivatives. The next sectiopleses the use of the Burn Analysis Method to

price a weather derivative.
4.2.3 Simulations based on historical data - The Burn Ankysis method

This is the most popular method used among pracéts because of the ease of use of this
method (Richardst al, 2004:1008-1009). The Burn Analysis Method iy@idal actuarial ap-
proach which has been adopted to price a contingenehich no assumptions are necessary
regarding the nature of the process on which tmirmgency relies (Tindall, 2006:18). This ap-
proach is commonly used in the insurance industrgmploys a simulation using historical in-
formation to estimate uncertain weather relatednpays (Katz, 2008). The Burn Analysis
Method is used, usually by insurance companiegyit® products which have not been previ-
ously sold or where there are no data availablecéonparable products. A question is asked:
"How much would have been paid out or what woulel isturn from the contract have been if a
similar product has been sold or purchased eveay fge the pask years?" (Mahal, 2000:330,
Tindall, 2006:18). Mahal (2000:330) explains tHatre are six steps in the Burn Analysis Proc-

ess:
1. the historical weather data must be collected,

2. the collected data must be converted into HDDsG@DOs,

3. the converted data must be checked for errors arrdations must be made accordingly,

4. the amount that the weather derivative would haaid put every year, or on specific occa-

sions or events in the past, must be determined

5. the average of the payouts found in the previogss stust be estimated and
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6. the average amount found in the previous step mesdiscounted back to the settlement

date of the weather derivative.

The most difficult steps in the Burn Analysis Methare the first and third steps. Collecting his-
torical data can be tricky. While there are intésiees with downloadable historical weather for
the US, obtaining historical weather data for Soidfitica is difficult and expensive. Even when
data are available, there are still some missirg,dgmps and errors. The historical data must be

"scrubbed" before they can be used for pricing ksie] 2000:4).
The correction of step three presents its own prabl(Nelken, 2000:4-5):

« the period in question can be a leap year, for g@nthere are more days in the period
from November ¥, 2007 to March, 3, 2008, than there are in the corresponding petied
year before. This is because of the extra day dnuaey 28 2008,

» the weather station may have had to be moved asuét Iof construction, or may have been

moved from the sun to the shade,
 itis difficult to know how many years' worth ofdtorical data should be used,

* many cities exhibit the "urban island effect "which, as a result of heavy industrial activ-
ity, construction and pollution, the weather grdtjugrows warmer over time. In some ur-
ban centres it is even possible to detect warnrigngds in the weather. These trends must be

accounted for when pricing the weather option and

+ sometimes extreme weather patterns such as El dtifia Nifid* occur. The pricing of an

option in an El Nifio year is different from theqng in a year that it does not occur.

14 El Nifio or La Nifia-Southern Oscillation, or ENS®,a quasiperiodic climate pattern that occurs stbe tropical Pacific
Ocean with on average five year intervals. It igrelsterized by variations in the temperature ofstiméace of the tropical eastern
Pacific Ocean—warming or cooling known EkNifio andLa Nifiarespectively—and air surface pressure in the tadpiiestern
Pacific—theSouthern OscillationThe two variations are coupled: the warm oceghigse, El Nifio, accompanies high air sur-
face pressure in the western Pacific, while the gblase, La Nifia, accompanies low air surface presa the western Pacific.
ENSO causes extreme weather (such as floods andhig) in many regions of the world. Developing rinieés dependent upon
agriculture and fishing, particularly those bordgrthe Pacific Ocean, are the most affected (A2005: 12-19).
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These problems can be resolved sensibly: for examy@ather trends can be corrected by ob-
serving the average HDDs for the past 10 or 20syaad then comparing these with the corre-
sponding trailing 10 or 20 years average of the HB@ each of the years in the past (Nelken,
2000:5). After this comparison it is sensible tokena linear shift in the data relating to the

year in question. For example, assume that (Nelk@d0Q:5):

« for the year 1998, in the period from Novembé&y 1998, to March % 1999, the HDDs

count was 5 050,
» the average of the HDDs counts for the ten years ft999 to 2008 was 5 000 and
» the average of the HDDs counts for the 10 yearsaglieag and including 1998 was 5 020.

When these numbers are compared, it is found tbieatiDDs have dropped from 5 020 to 5 000.
This is consistent with the warming of the weatherthis case it is reasonable to shift the data

relating to 1998. A linear shift is:

Shifted HDDs = Observed HDDs + last average —iptsvaverage
=5 050 + (5 000 — 5 020)
=5 030.

Garmanet al (2000:7) found the Burn Analysis Model very simpb implement, but objected
about the historical data that are used, and stiagé¢$he model would be more useful if tempera-
ture forecasts were also incorporated in the mdeaem a statistical point of view, the Burn
Analysis Method does not allow the incorporationtrginds or any probabilistic modelling for
the future (Geman and Leonardi, 2005:64). Fromnanitial and economic standpoint, this
method should thus not be legitimate. This leadthéoMonte Carlo simulations model which
does incorporate future forecasting in the equadiad it differs from the Burn Analysis Method
in that certain assumptions must be made regartfiagdynamics of the underlying variable
(Tindall, 2006:18).

The next section explores the Monte Carlo simutatimodel as a possibility for the pricing of

weather derivatives.
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4.2.4 The Monte Carlo simulation model

The Monte Carlo simulation model is a techniquealhiises random number generation for
specific statistical scenarios to determine theeetgd value of E[(X(t))] (Alaton et al,
2002:17), using the equation

ElgX(D] =3, £ (X (L) (4.13)

where
g = a real-valued function,

X = the solution for the outcomes of the specifiersgio,

X =an approximation of (used if the exact solution &fis not available),

t = time and

¥ - series of calculation points.

The advantage of the Monte Carlo simulation modahe simplicity of the implementation of
this technique, as well as the knowledge of ther@pmation error (room for error is already
accounted for) (Geman and Leonardi, 2005:67). Tle¢had generates random numbers for a
specific event which has been statistically cortd&rd for a certain scenario (Tindall, 2006:18).
The model involves running a series of simulatiarisch are based on a statistically derived
model and then calculating the expected return fthese simulations. In the case of weather
derivatives, Garmaat al, (2000:8) explain that the Monte Carlo simulatiera computer-based
method which generates random numbers for eactasoeand can be used to statistically con-
struct weather scenarios. This simulation providdkexible way to price different weather de-
rivatives structures. The various types of avemggieriods such as those based on CDDs and

HDDs can easily be specified by this method.

Zanders Partners (2009:2) provide a detailed exagilam of how to use the Monte Carlo Simula-

tion to forecast future series.

First, a model based on historical series mustrbated, thereafter Monte Carlo simulations
should be generated. To value a weather derivatii®gessential to estimate the value of the un-
derlying. Since the sum of HDDs and CDDs dependectly upon the temperature, the expected

61



payoff can be estimated using a forecast of thennudly temperatures in the contract period.
The average temperature can be estimated usingetisonal temperature pattern, the trend of

the temperature and the simulated temperaturear&bies in the model.

After creating the model based on historical serfitess possible to forecast a future series — a
series of average temperatures for each day fertaie period of time — of the underlying vari-

able (temperature) using a Monte Carlo simulatéan@ers Partners, 2009:3).
The following expectation value must be determined:
E(g(y)) = 9(y)f(y)dy =g (4.14)
where
g(y) = random function and
f(y) = probability density.

A numbern of independent sample values should be drawn frenprobability density to gen-
erate an estimate fay. For example, if n=10 000 then 10 000 scenariosgareerated for the

temperature series in a specified future period.

The Law of large numbers allowigo be estimated by (Zanders Partners, 2009:3):

BERCTIN
9= D9y (4.15)

This is the expected payoff for the weather deiwesin question.

Tindall (2006:18) provides the same formula for Mente Carlo Simulation as Alatoet al
(2002:17) and explains that this formula gives dhiéhmetic average of all the simulation out-

comes.
EIf(X )] = ﬁ.z " H(X(L ) (4.16)

Where
X = all the simulation outcomes,

t = time and

¥ = series of calculation points.
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The simulation of the temperature trajectories oanur in one of two ways (Alatost al,
2002:17): The simulation may commence today usidgy’'s observed temperature as the initial
value, or the simulation may be started at a futdate close to the first day of the period of in-
terest, with the expected mean temperature fordéatas the initial value.

If the contract is already operational, simulatishsuld begin on the current date. If the contract
period is far enough ahead in time it is not nemgs® begin simulations on today’s date. This is
because the temperature in the near future willafigict the temperature much during the con-
tract period. After some time in the simulation gess, the temperature will no longer be de-
pendent on the initial value anymore and the vaganill have reached its equilibrium or stable

value.

For Monte Carlo based simulations, it is importemselect the right random process for tem-
perature (Garmaat al, 2000:8). As explained in the Black-Scholes mptihperature is mean
reverting (temperature data indicate that the teatpee tends to revert to normal, or long run
average values, within 2 to 3 days). Mean revergemimportant consequences for the selection
of a suitable start point for the Monte Carlo siatidn process (Tindall, 2006:18-19). If the in-
terest is in the short-term then the simulationk ave to start from the present day values be-

cause any current deviation from the mean will havémpact on the process in the short-term.
The next section explores mean reverting models.
4.2.5 Mean reverting models

The key difference to modelling derivatives withatlger as the underlying when it is compared
to general financial variables like share priceshiat most weather components show some de-
gree of mean reversion. A mean reverting processésin which the drift component of the sto-
chastic differential Equation 4.1 always acts igir@ction that opposes the current displacement
from the mean process, in much the same way asriagswill act on a weight (Tindall,
2006:15). A model with mean reverting properties ba converted to a Mean Reverting Model

especially designed to price weather derivativeskéh, 2000:7).

Mean reverting models have been used for a long tommodel interest rates. As with interest
rates, weather also has the characteristic thatunlikely that the rainfall or temperature is ten

times higher next year than it is this year. Thestrimportant difference between interest rate
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derivative models and weather derivative modekhéscalibration process. Interest rate deriva-
tive models are calibrated to the market priceBgufid instruments whereas weather derivative
models are calibrated to past or historical datiKéh, 2000:9).

Nelken (2000:8) considers the simple Gaussian Mt@lustrate the working of the Mean Re-

verting Model. The differential equation describthg model is given by:
dr =ax(b-r)dt+ vdz (4.17)
where
r = the continuously compounded instantaneous isteate,
dr = the instantaneous change in r,
dt = an infinitesimally small unit of time,
b = the mean interest rate,
(b =) = the "pull to the mean”,
a = the speed of mean reversion,
v = the volatility and

dz = a Weiner process based on a normal distribwtidm a mean of zero and a standard devia-
tion of 1.

An explanation of this equation is based on interate derivatives. Later in this section it is ap-

plied to weather derivatives.

In this model, the assumption is made that intawss will converge to some long-term mean b.
The instantaneous interest rate r, changes by aamequal to dr. If > b, then the contribution
(b — 1) is negative. This will tend to pull interest rat® a lower level. In the same wayr K b,

the term b — 1) is positive, which will tend to pull the interasite higher.

The term b — 1) is the "pull to the mean ", or the strength tackhthe interest rate is pulled to
the mean. This is then multiplied laythe speed of the mean reversion, which is onéiaddn

the sum representirdy. In addition, there is a random component to tiggtsterm interest rate,
represented by the product of the volatility witle tWeiner processdz which can be negative

or positive.
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Before deriving at Nelken's mean reverting model i@ather derivatives, two more models

which employ mean reverting properties are disalisse

The average daily temperature varies by seasortghds to revert to a long-run average which
is most likely moving slowly upward with the acculiation of carbon dioxide in the atmosphere
(Richardset al, 2004:1008). It has been found that day to deyptratures are not entirely ran-
dom as weather tends to be more like the previays or the next day, or "warm spells" and
"cold snaps". Temperature also tends to be mo&il®in the winter than in the summer. These
factors contributed to the mean reverting GBM maadith lognormal jumps and time-varying
volatility developed by Richardst al (2004:1008):

da =k(a,(@,t) - Ag-a)dt+ h(a, ) dz+ @ dc (4.18)
where
o = average daily temperature,

a,, = the instantaneous mean of the process,

k = the rate of mean reversion,

h,, = standard deviation,

dz= Wiener process,
g = Poisson process: Discreet jumps occur accotding
0 with probabilityl—Adt

dg=
1 with probability Adt

A = the arrival rate of the Poisson process and

@ = random percentage shock with a lognormal distidio.

To accommodate seasonal fluctuations in the levelthe volatility of temperature the mean and
the variance of Equation 4.18 are specified astions of temperature and time by Richaads
al., (2004:1008).

Merton (1976:125-144) extended the Black-Scholesi&lido allow for discontinuous share re-

turns. Merton adjusted the GBM process to allowdiscontinuous jumps caused by new infor-
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mation. In the case of weather derivatives this mdarmation can be events such as hurricanes,
or other rare events. The jump-process emergesivadl-argued and logical model for the proc-
ess of temperature. Stewart (2002:11) applies M&rtimmp-diffusion process and models it as

follows:
d—::(u— jk)dt+odz+ dq (4.19)

where
S(t) = share price process,
o = instantaneous standard deviation, conditional@nare weather events,

M = instantaneous expected change in the tempeyrature

z = Wiener process,

g = independent Poisson process,

| = the mean number of arrivals per unit time and

k = average jump size measurement as a proporiiocr&ase in the underlying.

Vasicek (1977:177-188) used an Ornstein-Uhlenbeckean reverting process for interest rates
to price a zero bond. This is the same model asithple Gaussian model explained by Nelken
(2000:8) earlier in this section.

Consider the two models explained by Richagtlal, and Stewart, and recall that the weather
derivative model is based on those models whicbrparate interest rates, with a few excep-

tions namely:

» the weather changes with the season, which sighdy it is allowed that the mean of the

weather can vary,

» the parameter representing the mbais replaced wittb(i), which represents the mean for

day number,

« the mean reversion rate is also allowed to varg pawametea, which represents the mean
reversion rate, changes over time. The mean revrersite for day is represented by i(

and
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» weather, by its very nature, exhibits 'seasonalgsume that it is now spring and that the
temperature today is exactly equal to its long-tenean. It can be expected that the tem-
perature tomorrow is slightly warmer than it is dgd This shows that there is a natural

‘drift’ in the weather.
The differential equation describing the weathedseias thus given by (Nelken, 2000:8):
dr =a(i)x(b(i) —r)dt +vdz (4.20)
where
r = the average daily temperature,
dr = the instantaneous change in r,
dt = an infinitesimally small unit of time,
b(i) = the mean of the temperature of day
(b-r) = the "pull to the mean”,
a(i) = the speed of mean reversion for day
v = the volatility and

dz = a Weiner process based on a normal distribwtidm a mean of zero and a standard devia-

tion of 1.

Interest rate derivative models are calibratedh® market prices of liquid instruments and
weather derivative models are calibrated to patst.da South Africa an active and liquid market
for weather derivatives does not yet exist. Thiglere historical weather data come into use. In
the calibration process the set of model paramé@tsare taken into account is those that have
the highest probability of generating the past Weapatterns. To achieve this result the maxi-
mum likelihood has to be estimated. This can beedehen the observed data are the result of a
stochastic process, thus where the parametersHmhwhe probability of having generated the

observed data are maximal.

To explain the maximum likelihood technique, comesidlipping a coin. Assume the coin is
flipped a thousand times and the result from thatd®0 heads and 100 tails. If this is a fair coin,

this is a highly unlikely outcome as the coin sliblidve a 50/50 chance of landing on heads or
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tails, thus with an outcome of +500 for each skigher way, the possibility does exist that the
coin is not even and has a much higher chanceaisly heads than tails. The maximum likeli-
hood technique would choose the second explandigzguse it is more likely that the coin was
unfair (Nelken, 2000:12).

The principle of maximum likelihood estimation prd@s a means of choosing an asymptotically
efficient estimator for a parameter or a set obpsters (Dunis and Karalis, 2003:7). Consider a
random sample af observations from a normal distribution. The praliigbfunction for each

observation is

1 1 _}x(x—éf)zl

f(x)=(2m) 2x(0%) ?xe 2 ¢ (4.21)
where
M = mean and
0° = variance.
Since the observations are independent, their g@nsity can be described as:

- _n IR G —gl)Z]
06 0= 100)=(@n) x 7 ) Px e " 7

) (4.22)

Equation 4.22 provides the possibility of observingpecific observation in a given sample. The
focus is now shifted to the values of the mean\arthnce which makes the sample most prob-
able, thus the maximum likelihood estimates (MLE)h® mean and the variance. The log func-
tion is monotonically increasing and is also eatework with, thus the MLE is calculated by

maximising the natural logarithm of the likelihofuhction:

In L(,u,crz‘xl, X oo %)= —gx In(2n)——2>< Ing”® )—%i{%}
i=1 (4.23)

This translates into finding solutions for the élling first order derivatives:

dlnL _ 1 &
ol ZFXZ(N -4)=0

and
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onL_ n

1 n
+204><;(>s -u)*=0

05 20° (4.24)
Thus, the maximum likelihood estimates are:
0O a 1 n = D2 a l n : —
My, ==X % =X, ol ==X % = (% = %)
n i=1 and n i=1 (425)

The Mean Reverting weather derivative model thuska/as follows (Nelken, 2000:12):

it calibrates the model to the observed past daiagua maximum likelihood technique as

explained above,

» once the model parameters are determined, weatljeesces are generated using a Monte

Carlo process,

» the random sequences drive a mean reverting msidalar to models used to price interest

rate derivatives,

* many of these sequences are simulated, with eacbsenting a possible future weather pat-

tern,
« for each weather sequence, the payout of the ofgtidatermined,

» the average payout of the weather option undeditierent scenarios is deemed to be the

expected payout of the option and

the fair value price is then obtained by taking pnesent value of the expected payout.

The models used in foreign markets are mostly basetemperature, which is a continuous
variable. The main problem of the modelling of Wweaitderivatives in South Africa is to find a
model that is based on the occurrence of a spemifnt. In South Africa most weather deriva-
tives will have rainfall or temperature as the uhdeg, as farmers will want to hedge them-
selves against drought or against floods, as veetigainst too high or too low temperatures, de-

pending on the crop.

This section revised the standard option pricinglei@nd explained four different pricing mod-
els for temperature based weather derivatives nathel Black-Scholes pricing model, the His-
torical Data or Burn Analysis model, the Monte @aBased Simulations model and Mean Re-
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verting models. Except for the Black-Scholes Pgcinodels, all of these models are effective

when pricing a weather derivative.

The next section discusses an appropriate weatbéelno price an event driven weather deriva-

tive.
4.3 Pricing event driven derivatives

A credit default swap (CDS) was explained in Chagtas an event driven derivative. This de-
rivative is the simplest and most popular form afradit derivative (Ranciere, 2002:3) and is
“"triggered" by a credit event (Lehman Brothers dnétional, 2001:61). This section derives the
pricing equation for (and then values) a crediadéfswap, which will then be modified to price
a weather derivative based on a specific event.

4.3.1 Pricing a Credit Default Swap

The assumptions made when pricing the credit defswbp below are (Hull and White,
2000:13):

» the notional principle is set at US$1,
« the default event¥, interest rates and recovery rates are mutuallggaddent and
« the claim in the event of a default is the facaiegdlus accrued interest.

Hull and White (2000:13) define the following bedateriving the formula:

T = life of a credit default swap in years,

p, = risk-neutral default probability at tinte

R = expected recovery rate on the reference obligati@risk-neutral world, independent of the

time of default,

u(t) = present value of payments at the rate of US$Yyg@ar on the payment dates between time

zero and timd; ,

e(t) = present value of a payment at titnequal tot — t* wheret* is the payment date immedi-

ately preceding time is the payment date immedigistceding time,

15 See Chapter 2 for details on default events.
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v(t) = present value of US$1 received at time

w = total payment per year made by the CDS buyer,

s = value ofw that causes the CDS to have a zero value,

7T = the risk-neutral probability of no credit eventriohg the life of the swap and

A(t) = accrued interest on the reference obligatidimsgt as a percent of the face value.

The value oft is given as one minus the probability that a ¢redéent will occur by tim&. This

may be calculated from the risk-neutral defaultyaduility:

=1=2 4P (4.26)

The payments last until a credit event occurs,rdil time T, whichever comes first. Therefore

the present value of the payments is:

wy L [u() + €] p+ wr g Y (4.27)

If a credit event is to occur, the risk-neutral egied value of the reference obligation as a per-
cent of its face value is:
O
[1+AMIR (4.28)

Following form the risk-neutral expected payoffrfrdhe CDS:

1-[1+ A(t)] R=1- R A) F (4.29)

And the present value of the expected payoff froem@DS will then be:

2Ll-R-ADR P (4.30)

The value of the CDS to the buyer is the presehtevaf the expected payoff minus the present

value of the payments made by the buyer:

YLA-READR PSR G) €0 wWT

The CDS spread is that valuewoivhich makes Equation 4.31 =0, i.e.:
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L S A-R-ADR P
S ut) +en] prrg Y

(4.32)

Equation 4.32 prices a CDS, which has the samectaistics as a weather derivative, because
it is event driven. Unfortunately this equation mahbe used in this form for pricing a weather

derivative: some changes must be made.

A typical CDS contract usually specifies two potahtash flow streams — a fixed leg (or the
buyer of the protection) and the contingent legtfer seller of the protection). The buyer of the
protection will make a series of fixed, periodicypeents until maturity or until the reference
credit defaults (or until a specific event occues)d the seller of the protection will make a pay-
ment if the reference credit defaults (or if themivoccurs). The amount of a contingent payment
is usually the notional amount multiplied by (R); whereR is the recovery rate, as a percentage
of the notional. Thus, the value of a CDS conttadhe protection buyer at any given point in
time is the difference between the present valubetontingent leg, which the protection buyer

expects to receive, and that of the fixed leg, Wiie expects to pay (Nomura, 2004:7):
Value of CDS(to the protection buyer) =PV[contingkg] — PV[fixed premium leg] (4.33)

In order to calculate these values one needs irdbom about the default probability of the ref-
erence credit, the recovery rate in the case dulieand the risk-free discount factors, such as

the yield curve.

For the fixed leg a periodic payment must be caked as the annual CDS premi@nmulti-
plied by the accrual days (expressed as a fraction of a year) between paydeas. This pay-
ment will only be made if the reference credit has defaulted by the payment date. Thus, the
survival probabilityq (the probability that the reference credit has defaulted on the payment
date) must be taken into account at tim&he payment must then be discounted back tohget t
present value. Let the discount factorbg). Summing up present values for these payments
gives Equation 4.34 (Nomura, 2004:7)

> D()a(t)Sd (4.34)

The other part of the fixed leg is the accrued puempaid to date of default when the default

event happens between periodic payment dates. ddreeal payment may be approximated by
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assuming that default, if it occurs, occurs atrfiddle of the interval between consecutive pay-

ment dates. Thus, when the reference entity defdadtween payment date, andt;, the ac-

crued payment amount 8d/2 (Nomura, 2004:7). This accrued payment has to hestatl by
the probability that the default occurs in this @inmterval. In other words, the reference credit

survived through payment date, but not through the next payment daterhis probability is
given by (Nomura, 2004:8)

{dty) —d D} (4.35)

For a particular interval, the expected accruednuen payment is
{dt) -dD} Sd2 (4.36)

and the present value of all the expected accragohpnts will then be given by
N d
2. DEHAt) —d D)} =5 (4.37)
i=1

The sum of Equations 4.34 and 4.37 gives the ptesdume of the fixed leg (Nomura, 2004:8):

PV[Fixed Leg=3. ) ) S OX (a9 - (ax & (4.38)

i=1

Next, the present value of the contingent leg nmestomputed. Assuming that the reference en-
tity defaults between payment ddte ; and payment datg, the protection buyer receives the

contingent payment of (1R) whereR is the recovery rate. This payment is made onllgafref-
erence credit defaults, and therefore has to hestetj by t_) —q 1)} , the probability that the

default actually occurs in this time period. Disoting each expected payment to its present

value and summing over the term of the contractgiNomura, 2004:8):
N
PV[Contingent Lep=(1~ B OX (4. - (k (4.39)
i=1

Combining Equations 4.38 and 4.39 provides the tmué#or valuing a CDS transaction.

When two parties enter a CDS trade, the CDS spiseset so that the value of the swap transac-
tion is 0. Thus the value of tHxed leg = the value of theontingentleg. Equation 4.40 thus
holds (Nomura, 2004:8):
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> D0)aM)SI+Y B 6 - ) Se51- R O (a) ~(A (4.40)
Rearranging gives5, the annual premium (Nomura, 2004:8):

1-R)Y. D)t~ o 1)
S= —
> D)t + Y. DAL - o)

(4.41)

To apply this formula to the pricing of weatheridatives, the denominator and the numerator in
Equation 4.41 is explained separately and the natmeexpanded to accommodate a weather

derivative.

The denominator remains the same as in Equatioh, 4dcause it involves annual premium
payments (which remain, no matter what the refexemtity) and probabilities of default. These

default probabilities are calculated using hist@rizeather data.

The numerator is slightly different than statedEguation 4.41. This is because a single recovery
rate is used in the pricing of a CDS (as perfornmeBquation 4.41). However, when working
with weather derivatives, there ar@nyprobabilities of various disasters happening @ibus
recovery rates should be taken into account whesetlevents occur. The (1IR)}term is outside
the summation in Equation 4.41 because it is desinglue. For weather derivativesratrix of
recovery rates is required and the numerator irakgu 4.41 changes to:

> Y AR f) ~ A 10} ) (4.42)

m=1 i=1

where g is the maximum summation variable indicating thenber of possible disasters or

events — or the number of cells in the matrix abreery rates.

The new numerator sums over the recoveryaatea variableas well as over time. The recovery
rate variables are each associated with a defardiysl probability*® Using the new numerator

in Equation 4.41, the formula for the pricing oivaather derivative is:

16 See Chapter 5 for the explanation and use of tefad survival probabilities.

74



9 N

2.2 A-R{d ) - di)} R Y

S= - m=1 i=1 -
> D)a(0)d + . D) - 4D

i=1

(4.43)
4.3.2 Summary

Using the technical approach of CDS spread pricihg,price of a weather derivative may be

determined. The numerator of the CDS pricing folanwhs altered to fit the demand of various

recovery rates when working with a weather derxeatind the summation was changed to sum
over a variable recovery rate as well as over tilttee different recovery rates are explained in

Chapter 5.

4.4 Conclusion

The most common weather derivative pricing modedsendiscussed in this chapter. Section 4.2
explained four different pricing models for weatlderivative pricing, namely the Black-Scholes
pricing model, the Historical Data or Burn Analysmdel, the Monte Carlo simulations model
and Mean Reverting models. Excepting the Black-&sh@ricing model, all of these were

deemed fit for the pricing of a weather derivative.

Section 4.3 focused on the pricing of an eventairigerivative, and a CDS was priced (Equation
4.32). This equation was then modified to priceemant driven weather derivative in Equation
4.43. This equation is used in Chapter 5 to explanapplication of weather derivatives in the

South African market.
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CHAPTER 5

EMPIRICAL STUDY: PRICING A WEATHER DERIVATIVE FOR A

WESTERN CAPE WINERY

5.1 Introduction

In Chapter 4 the pricing of a weather derivatives\waplained and an equation derived (Equation
4.43). Any farmer may make use of a weather devieab hedge against bad weather, be it for
sunflowers, fruit or vegetables. If a crop is inwed and weather can influence the quality of the

crop, a weather derivative can be used to hedgesighat risk.

The empirical study in this chapter was based wma farm in Wellington in the Western Cape.
This farm grows their own grapes which are therduseproduce wines. Many different wines
produced on the farm originate from different grajpdtivars. For this study, the Chardonnay

cultivar was chosen to be hedged against unfavteivedather events.

Before pricing can be carried out, a number ofdectmust be considered. The region must be
specified, as the historical weather data usedhéncalculations are region-specific. Recovery
rates must be available feveryunfavourable weather event that may occur forctbe in ques-

tion. It is also important to acknowledge the diéfiet stages of growing grapes and the different
optimal weather requirements that accompany eaestEvery stage is also characterised by

different recovery rates and default probabilities.

Chapter 5 explains how the data were gathered lamnavay they were applied in the empirical
study. The different stages of the Chardonnay \ant life cycle were explored as well as

which weather requirements should be met at eage sif the cycle.

A description of how weather prediction or foreaagtwas undertaken is provided using histori-
cal weather data. Recovery rates are used whenath@rederivative is priced and the specific
recovery rates for the Chardonnay cultivar are @&rpeld. A premium for a weather derivative is

derived and this is compared to the normal grapp orsurance used by farmers.
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5.2 Data requirements

Normally a weather derivative has only one undagyie.g. temperature, precipitation, wind or
snow. In pricing examples of foreign markets omgnperature is used and in rare cases rainfall
(Chapter 4). In this empirical study there are wwlerlying factors: temperature and rainfall.
Combining the two provides different recovery radi@seach scenario (Table 5.1) and therefore
a matrix must be constructed to indicate which agens required when pricing is undertaken.

Table 5.1 shows the criteria matrix for specifiinfall and specific temperature events. The
horizontal labels indicate possible rainfall int&lis; and the vertical labels indicate possible tem-
perature intervals. Together, in matrix format, r@dd (2, 3) in Table 5.1, for example, refers to
an event in which rainfall is between 5mm and ks 7.5mm and the temperature range be-
tween 10°C and less than 15°C. This matrix sholysoakible combination for temperature and
rainfall, forming the crux of pricing calculationRecovery rates — which are also required for

pricing — are also required in matrix format.

The South African Weather Service provided histdritata for daily temperatures in Welling-
ton. The Department of Water and Forestry providistbrical data for daily rainfall in Welling-
ton. The time period of data used in this studfrasn March 1963 to August 2009. These data
were used to determine the probabilities of the woed weather events to happen again as they
appear in Table 5.1. The intervals for the thefediiand temperature were chosen by Bothma

(2010) when recovery rates were allocated

Table 5.1: Criteria matrix for specific rainfall and specific temperature events.

CRITERIA MATRIX
Rainfall
Temp [Omm; 2.5mm) [2.5mm; 5mm) [5mm; 7.5mm) [7.5mm; 10mm) >10mm

[5°C; 10°C) 11 1,2 1,3 1,4 1,5
[10°C; 15°C) 2,1 2,2 2,3 2,4 2,5
[15°C; 20°C) 31 3,2 3,3 34 3,5
[20°C; 25°C) 41 4,2 43 4,4 45
[25°C; 30°C) 51 5,2 5,3 5,4 5,5
[30°C; 35°C) 6,1 6,2 6,3 6,4 6,5
[35°C; 40°C) 7,1 7,2 7,3 74 7,5

>40°C 8,1 8,2 8,3 8,4 8,5

Source: Author.
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5.3 The six critical stages in the life cycle of the Girdonnay cultivar

To price the weather derivative correctly, theicait growing stages of the Chardonnay cultivar
must be taken into account. There are certain figreods when the temperature or rain or both
must fall in specific intervals for optimal growtlihere are six stages that may be classified as
critical when growing Chardonnay cultivars nametyrpng, bud burst, shoot cutting, flowering
and fruit set, veraison and harvesting (Nel, 2089)explanation of each stage follows.

5.3.1 Explanation of the six stages
5.3.1.1 Pruning

Pruning is a critical stage which involves cuttlmark the grapevines, usually during the dormant
season (when no growth takes place). Pruning helpsoperly maintain the vines to produce a
good crop of high-quality grapes. It strengtheres\times, improves grape quality and makes the
grapes easier to harvest. In the pruning stageethperature and rainfall do not affect the har-
vest much (Eichhorn and Lorenz, 1984:295). The ipgistage for Chardonnay takes place from
August £'to August 18.

5.3.1.2 Bud burst / bud break

The grape begins its annual growth cycle in thengpwith bud break. In the northern hemi-
sphere this stage is around March, while in thetsna hemisphere it begins around September.
If the vine has been pruned at the end of the wirtke start of this cycle is signalled by the
bleeding of the vine, in which water is expellednfrthe cuts remaining after pruning. After this,
buds swell on the vine and eventually shoots grommfthe buds (Eichhorn and Lorenz,
1984:296). The bud bursting for the Chardonnayivaitin Wellington takes place from Sep-
tember 18 to September 2B It is important that the average daily tempemtstays between
25°C and 28°C and that there is no (or almost aofall between these dates. Undesired tem-

perature and rainfall causes the buds to break tomeis.
5.3.1.3 Cutting of the shoots

After bud burst, shoots grow from the buds. Mosthaf time shoots do not grow in equal lengths
necessitating cutting them into equal lengths. i@gitof shoots usually occurs in the northern
hemisphere wine regions around April and for thetlsern hemisphere regions in October. This

stage for the Chardonnay cultivar will take placenf October 18 to October 28 and during
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this stage little or no rain and warm temperat@esmost favourable. This is the stage prior to
flowering and fruit set in which moist conditionarccause downy mildew — a fungi which will

affect the crop’s yield.
5.3.1.4 Flowering and Fruit Set

Depending on the average temperatures, 40 — 80afsrsbud break the process of flowering
begins. Flowering occurs in the Northern Hemispheirge regions generally around May and
for the Southern Hemisphere regions around Novengraall flower clusters appear on the tips
of the young shoots and a few weeks after theain@iuster appears, flowers grow in size and
individual flowers become visible. It is during shétage that the pollination and fertilisation of
the grapevine takes place with the resulting proeing a grape berry. Following fertilisation,

the fruit forms (Eichhorn and Lorenz, 1984:296).

The fruit set stage follows the flowering almostniediately, when the fertilised flower begins to
develop a seed and a grape berry to protect thee 3éés stage is critical for wine production

since it determines the potential crop yield (Emtthand Lorenz, 1984:296). During this stage
warm, sunny weather is essential with no rain and humidity: clusters are susceptible to
downy mildew, a disease caused by a type of furigchvlowers crop yield considerably. Ad-

verse weather (cold, wind and rain) severely afféloé flowering process, causing many flowers
to remain unfertilised. Flowering and fruit set the Chardonnay cultivar occurs between No-

vember f'to November 14.
5.3.1.5 Veraison

Veraison means "the onset of ripening or the “cleanfjcolour of the grape berries”. In the
veraison stage berries soften and change colodhesripen. This occurs when grapes are
roughly half their final size. This stage signdig start of the ripening process and takes place
around 40 — 50 days after the fruit set. In theheon hemisphere this is around the end of July
and for the southern hemisphere it is in Januatyirg this stage the colours of the grapes alter
from red to black or yellow to green, dependingtloa cultivar. Within six days of the start of
veraison, berries grow dramatically as they accateuflucose and fructose and acids form
(Eichhorn and Lorenz, 1984:297).
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The onset of veraison does not occur uniformly agnalhberries. Typically berries and clusters
most exposed to warmth on the outer extents ot#m®py undergo veraison first with berries
and clusters closer to the trunk and under themasbade undergoing it last. Some factors that
can control the onset of veraison are limited watet/or canopy management with warm tem-
peratures which will create a high "leaf to fruiitio which in turn encourage veraison. During
this stage little or no rain with warm temperatuiegssential. The veraison stage for the Char-

donnay cultivar occurs between Decembét a8d January 1
5.3.1.6 Harvesting

Harvesting sees the grapes removed from the videtramsported to the winery to begin the
wine making process. In the northern hemisphereishgenerally between September and Octo-
ber while in the southern hemisphere between Feparad April. The time of harvest depends
on a variety of factors, most notably the subjextietermination of ripeness. Cooler weather is
recommended for this stage and very low rainfadlinfall below 25mm for the period is accept-
able during this stage (Nel, 2009). If rainfall atethperatures are too high, grey rot fungi de-
stroys the grape crop completely. The harvestirdyl@ginning of the wine making process for
the Chardonnay cultivar takes place between Feprisand February 12

5.3.2 Optimal temperature and rainfall for the Chardonnay cultivar for each stage

Table 5.2 summarises the temperature and raimfqllirements for each stage in the Chardonnay

cultivar growth cycle.

Table 5.2: Stages, time periods, rainfall and tenmgrature for optimal growth.

CRITICAL:
STAGE

PERIOD RAINFALL | TEMPERATURE
1 - Pruning 1 Aug — 10 Aug Not Applicable
2 - Bud burst 10 Sept — 20 Sept 25°C - 28°C
3 - Cutting shoots 10 Oct — 20 Oct 25°C - 28°C
4 - Flowering and Fruit set 1 Nov — 14 Nav None 25°C8=@
5 - Veraison 28 Dec — 10 Jap 25°C - 28°C
6 - Harvesting 1 Feb — 14 Fel < 20°C

Source: Nel, 2009.
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The critical time periods (the exact dates) aredueethe weather event forecasting, which are

explained in the next section.
5.4 Weather event forecasting

The information supplied in Table 5.2 was used tiogewith the collected historical weather
data to determine what the temperature and raipé&alcriteria as stated in Section 5.2 (see Table
5.1) was for each specified stage in the Chardowoéivar's life cycle. This was accomplished
by counting the number of times a weather eventiwed per criteria, per critical time period,
over the period of 1963 — 2009 and expressingabia percentage of the total observations. As-
suming all else remaining equal, this provides stm&te of the probability of each event occur-

ring in the future.
5.4.1 Number of events per criteria

Each stage of the Chardonnay cultivar has its @bletfor every calculation. For the number of
events per criteria calculation, then, there axdadiles, representing stages 1 — 6 of the liféecyc
of the cultivar. Tables 5.3 — 5.8 show the numHdetires that specified events occurred since
1963 for each growth stage. For example, TabledgpBsents stage one (pruning), and the event
that it rained between 0 and 2.5mm, while the tawmtpee was between 20°C and 25°C occurred
83 times since 1963. These tables show which ewaaisrred most frequently and which least
frequently. Using these data, prediction tablesabtes of probabilities (see Section 5.4.2) may
be constructed and used in Equation 4.43.
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Table 5.3: Number of events per criteria for Stagd.

Number of days the event occurred since 1963 for tienperiod 1 Aug — 10 Aug
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 0 0 0 1 0
[10°C; 15°C) 41 8 12 6 46
[15°C; 20°C) 162 15 13 5 25
[20°C; 25°C) 83 2 0 1 5
[25°C; 30°C) 32 0 0 0 0
[30°C; 35°C) 0 0 0 0 0
[35°C; 40°C) 0 0 0 0 0

>40°C 0 0 0 0 0

Source: Author.

Note — the table above represents the full rangaiafall and temperature possibilities for the
period of the T of August to the 10 of August. The data span some 46 years (1963 9)2a9
46 x 10 = 460. This principle applies to Tables 5.4tlgh 5. 8 as well.

Table 5.4: Number of events per criteria for Stage.

Number of times the event occurred since 1963 foimte period 10 Sept — 20 Sept
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 0 0 0 0 0
[10°C; 15°C) 13 4 5 1 16
[15°C; 20°C) 130 15 11 10 18
[20°C; 25°C) 158 1 3 0 2
[25°C; 30°C) 81 1 0 0 0
[30°C; 35°C) 24 2 0 0 0
[35°C; 40°C) 0 0 0 0 0

>40°C 0 0 0 0 0

Source: Author.
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Table 5.5:

Number of events per criteria for Stage.

Number of times the event occurred since 1963 fointe period 10 Oct — 20 Oct

Temsamfa“ [Omm; 2.5mm) | [2.5mm; 5mm) | [5mm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C: 10°C) 0 0 0 0 0
[10°C; 15°C) 2 1 0 0 2
[15°C; 20°C) 61 12 2 S 13
[20°C; 25°C) 162 4 4 1 5
[25°C; 30°C) 136 2 2 0 2
[30°C; 35°C) 71 0 0 0 0
[35°C; 40°C) 8 1 0 0 0
>40°C 1 0 0 0 0

Source: Author.

Table 5.6: Number of events per criteria for Stagd.
Number of times the event occurred since 1963 foimte period 1 Nov — 14 Nov
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 0 0 0 0 0
[10°C; 15°C) 1 0 0 1 1
[15°C; 20°C) 18 4 4 2 6
[20°C; 25°C) 165 7 2 3 4
[25°C; 30°C) 221 2 3 0 2
[30°C; 35°C) 133 1 0 0 2
[35°C; 40°C) 28 0 0 0 1

>40°C 3 0 0 0 0

Source: Author.
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Table 5.7:

Table 5.8:

Number of events per criteria for Stag®.

Number of times the event occurred since 1963 foimie period 28 Dec — 10 Jan

Temsamfa“ [Omm; 2.5mm) | [2.5mm; 5mm) | [5mm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C: 10°C) 0 0 0 0 0
[10°C; 15°C) 0 0 0 0 0
[15°C; 20°C) 0 0 1 0 !
[20°C; 25°C) 40 11 2 0 ®
[25°C; 30°C) 215 1 5 1 2
[30°C; 35°C) 224 4 0 0 0
[35°C; 40°C) 101 0 0 0 0
>40°C 8 0 0 0 0

Source: Author

Number of events per criteria for Stag®.
Number of times the event occurred since 1963 foimie period 5 Feb — 15 Feb
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 0 0 0 0 0
[10°C; 15°C) 0 0 0 0 0
[15°C; 20°C) 1 0 2 0 1
[20°C; 25°C) 26 2 2 0 2
[25°C; 30°C) 126 4 3 1 7
[30°C; 35°C) 190 1 0 2 1
[35°C; 40°C) 98 1 0 0 0

>40°C 12 0 0 0 0

Source: Author.
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5.4.2 The probability of each event occurring in the futue for each time period

The number of events which occurred for each goitefor each stage was calculated in the pre-
vious section. The probability of each event odagrin the future (assuming all else remains
equal) for each critical time period may now beculdted, by dividing each matrix component

by the number of total days in the sample. The imatmponents are thus converted to percent-

ages representing probabilities of the events orgum the future.

This can be more clearly seen by considering T&l8e The number of times that the tempera-
ture was between 25 and°8and the rainfall was > 10mm = {#natrix address (5, 5)). There

were 470 days in the sample period matrix. Heng€/(0r= 1.4% (address (5, 5) in Table 5.14.
Percentages were rounded to integer percents $ierea@ading. In the model exact percentages

were used.

Tables 5.9 — 5.14 show the probabilities of eaatnewccurring for each stage using data from
Tables 5.3 — 5.8.

Table 5.9: Probability of event occurring for eachcriterion in Stage 1.

Probability of event occurring for the time period 1 Aug — 10 Aug
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 0% 0% 0% 0% 0%
[10°C; 15°C) 9% 2% 3% 1% 10%
[15°C; 20°C) 35% 3% 3% 1% 5%
[20°C; 25°C) 18% 0% 0% 0% 1%
[25°C; 30°C) 7% 0% 0% 0% 0%
[30°C; 35°C) 0% 0% 0% 0% 0%
[35°C; 40°C) 0% 0% 0% 0% 0%

>40°C 0% 0% 0% 0% 0%

Source: Author.
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Table 5.10: Probability of event occurring for eah criterion in Stage 2.

Probability of event occurring for the time period 10 Sept — 20 Sept
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 0% 0% 0% 0% 0%
[10°C; 15°C) 3% 1% 1% 0% 3%
[15°C; 20°C) 26% 3% 2% 2% 4%
[20°C; 25°C) 32% 0% 1% 0% 0%
[25°C; 30°C) 16% 0% 0% 0% 0%
[30°C; 35°C) 5% 0% 0% 0% 0%
[35°C; 40°C) 0% 0% 0% 0% 0%

>40°C 0% 0% 0% 0% 0%

Source: Author.

Table 5.11: Probability of event occurring for eah criterion in Stage 3.

Probability of event occurring for the time period 10 Oct — 20 Oct
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 0% 0% 0% 0% 0%
[10°C; 15°C) 0% 0% 0% 0% 0%
[15°C; 20°C) 12% 2% 0% 2% 3%
[20°C; 25°C) 32% 1% 1% 0% 1%
[25°C; 30°C) 27% 0% 0% 0% 0%
[30°C; 35°C) 14% 0% 0% 0% 0%
[35°C; 40°C) 2% 0% 0% 0% 0%

>40°C 0% 0% 0% 0% 0%

Source: Author.

86



Table 5.12: Probability of event occurring for eachcriterion in Stage 4.

Probability of event occurring for the time period 1 Nov — 14 Nov
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 0% 0% 0% 0% 0%
[10°C; 15°C) 0% 0% 0% 0% 0%
[15°C; 20°C) 3% 1% 1% 0% 1%
[20°C; 25°C) 27% 1% 0% 0% 1%
[25°C; 30°C) 36% 0% 0% 0% 0%
[30°C; 35°C) 22% 0% 0% 0% 0%
[35°C; 40°C) 5% 0% 0% 0% 0%

>40°C 0% 0% 0% 0% 0%

Source: Author.

Table 5.13: Probability of event occurring for eah criterion in Stage 5.

Probability of event occurring for the time period 28 Dec — 10 Jan
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 0% 0% 0% 0% 0%
[10°C; 15°C) 0% 0% 0% 0% 0%
[15°C; 20°C) 0% 0% 0% 0% 0%
[20°C; 25°C) 6% 2% 0% 0% 1%
[25°C; 30°C) 35% 0% 1% 0% 0%
[30°C; 35°C) 36% 1% 0% 0% 0%
[35°C; 40°C) 16% 0% 0% 0% 0%

>40°C 1% 0% 0% 0% 0%

Source: Author.
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Table 5.14: Probability of event occurring for eah criterion in Stage 6.

Probability of event occurring for the time period5 Feb — 15 Feb
Rainfall
Temp [Omm; 2.5mm) | [2.5mm; 5mm) | [Smm; 7.5mm)| [7.5mm; 10mm | >10mm

5°C; 10°C () () (0 () ()
0% 0% 0% 0% 0%
1 015 () () (] () ()
0°C; 15°C 0% 0% 0% 0% 0%
15°C; () () (] () ()
°C; 20°C 0% 0% 0% 0% 0%
0 25 () () (] () ()
20°C; 25°C 5% 0% 0% 0% 0%

25°C; 30°C () () () () o

26% 1% 1% 0% 1%
: 35 () () (] () )
30°C; 35°C 39% 0% 0% 0% 0%
5°C; 4 (] () (] () )
35°C; 40°C 20% 0% 0% 0% 0%
>40°C 2% 0% 0% 0% 0%

Source: Author.

This section showed the number of events per @jtarhich aided the calculation of the prob-
ability of an event per criteria. The next stepoisletermine the recovery rates of the Chardonnay

crop given the occurrence of specific events.
5.5 Recovery rates

The recovery rate is the percentage of the cropriay be saved if an unfavourable weather
event occurs. Each criterion at each stage hasrelift recovery rates: these are shown in Tables
5.15-5.21.

As an example, consider Table 5.16 which repres8Btage 2 (or the bud burst stage of the
Chardonnay cultivar). If the temperature were betw#0 and 18 and if the rainfall was more

than 10mm for the period under consideration, 8% e crop could be recovered. These data
were procured from empirical, historical loss rajeserously provided by Bothma (2010). Wine
farmers will wish to hedge themselves against 20i% crop loss. This may be accomplished us-
ing weather derivatives: insurance companies daoe¢r small fluctuations in weather such as

temperature changes or rainfall fluctuation.

88



Table 5.15: Recovery rates for Stage 1.

Recovery rates for the time period 1 Aug — 10 Aug
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 100% 100% 100% 100% 100%
[10°C; 15°C) 100% 100% 100% 100% 100%
[15°C; 20°C) 100% 100% 100% 100% 100%
[20°C; 25°C) 100% 100% 100% 100% 100%
[25°C; 30°C) 100% 100% 100% 100% 100%
[30°C; 35°C) 100% 100% 100% 100% 100%
[35°C; 40°C) 100% 100% 100% 100% 100%

>40°C 100% 100% 100% 100% 100%

Source: Bothma, 2010.

Table 5.16: Recovery rates for Stage 2.

Recovery rates for the time period 10 Sept — 20 Sep
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 85% 85% 85% 85% 80%
[10°C; 15°C) 85% 85% 85% 85% 80%
[15°C; 20°C) 90% 90% 90% 90% 85%
[20°C; 25°C) 95% 95% 90% 90% 85%
[25°C; 30°C) 100% 100% 95% 95% 85%
[30°C; 35°C) 100% 100% 95% 95% 85%
[35°C; 40°C) 100% 100% 95% 95% 85%

>40°C 100% 100% 95% 95% 85%

Source: Bothma, 2010.
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Table 5.17: Recovery rates for Stage 3.

Recovery rates for the time period 10 Oct — 20 Oct
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 90% 90% 90% 85% 85%
[10°C; 15°C) 90% 90% 90% 85% 85%
[15°C; 20°C) 95% 95% 95% 90% 90%
[20°C; 25°C) 100% 100% 95% 90% 90%
[25°C; 30°C) 100% 100% 95% 90% 90%
[30°C; 35°C) 100% 100% 95% 90% 90%
[35°C; 40°C) 100% 100% 95% 90% 90%

>40°C 100% 100% 95% 90% 90%

Source: Bothma, 2010.

Table 5.18: Recovery rates for Stage 4.

Recovery rates for the time period 1 Nov — 14 Nov
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 80% 80% 75% 75% 70%
[10°C; 15°C) 90% 90% 80% 80% 75%
[15°C; 20°C) 90% 90% 85% 85% 75%
[20°C; 25°C) 95% 95% 85% 85% 80%
[25°C; 30°C) 95% 95% 90% 90% 80%
[30°C; 35°C) 95% 95% 90% 90% 80%
[35°C; 40°C) 95% 95% 90% 90% 80%

>40°C 95% 95% 90% 90% 80%

Source: Bothma, 2010.
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Table 5.19: Recovery rates for Stage 5.

Recovery rates for the time period 28 Dec — 10 Jan
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 85% 85% 85% 80% 75%
[10°C; 15°C) 90% 90% 90% 85% 80%
[15°C; 20°C) 95% 95% 95% 95% 95%
[20°C; 25°C) 100% 100% 100% 95% 90%
[25°C; 30°C) 100% 100% 100% 95% 90%
[30°C; 35°C) 100% 100% 100% 95% 90%
[35°C; 40°C) 100% 100% 100% 95% 90%

>40°C 100% 100% 100% 95% 90%

Source: Bothma, 2010.

Table 5.20: Recovery rates for Stage 6.

Recovery rates for the time period 1 Feb — 14 Feb
Rainfall

Temp [Omm; 2.5mm) | [2.5mm; 5mm)| [Smm; 7.5mm)| [7.5mm; 10mm | > 10mm
[5°C; 10°C) 100% 100% 95% 90% 85%
[10°C; 15°C) 100% 100% 95% 90% 85%
[15°C; 20°C) 100% 100% 100% 95% 90%
[20°C; 25°C) 100% 100% 100% 95% 90%
[25°C; 30°C) 100% 100% 100% 95% 90%
[30°C; 35°C) 100% 100% 100% 95% 90%
[35°C; 40°C) 100% 100% 100% 95% 90%

>40°C 100% 100% 100% 95% 90%

Source: Bothma, 2010.

These recovery rates, together with the probadsliire now used in Equation 4.43 to evaluate a

premium for the weather derivative.

As deduced from Tables 5.9 — 5.14, Stage 1 is ffiettad by unfavourable weather and farmers
will choose to not take out a weather derivative tfeat time period. However, all the other
stagesare affected by unfavourable weather and by hedgintlp \&i weather derivative these

losses may be mitigated.
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5.6 Pricing weather derivatives for the Wellington Chamdonnay cultivar

Recall Equation 4.4.3 for pricing of a weather dative:

Zg:i(l‘ R{dt,)-dt)r 09
S=== (4.43)

> D60 +Y. DAL - d)

As explained in Chapter 4, recovery rates, surviababilities (calculated from the default
probabilities) and accrual days between paymergsuaed in Equation 4.43 to calculate the
monthly premium. These payments are then discoumae#d by using the yield curve to obtain

present values.
The calculation proceeds as follows.

Using Equation 4.43, consider the numerator. Frabld 5.15, the recovery rate for scenario (1,
1) is 100%, thus the loss is (100% — 100%) = 0% féxt component is the marginal probabil-
ity of the event occurring — this may be obtainexhf Table 5.9. Assuming 100% of the crop at
the start of this process, with a 0% chance of,d)®vent occurring (i.e. rainfall of 0 — 2.5mm
and temperature between 5 and@)) the marginal probability between the starthedf process
and the (1, 1) event is 100% — 100% = 0% probahitiat the event will occur. ThB(t;) term

(Equation 4.34) is obtained from the prevailinglgieurve.

Remaining with the numerator, the double summatiow requires the next matrix address (or
scenario) to be addressed. Now consider addresy.(Erom Table 5.15, the recovery rate for
scenario (2, 1) is also 100%, hence the loss i;1gd@0% — 100%) = 0%. The marginal prob-
ability of this event occurring (obtained from Tal8.9) is 9%. Since 100% of the crop was pre-
sent at the start of this process, a 9% chancgfB event occurring (i.e. rainfall of 0 — 2.5mm
and temperature between 10 and@bmeans that the marginal probability betweenstiaet of
the process and the (2, 1) event is 100% — 91% pi@ability that the event will occur. Again,
theD(tj) term (Equation 4.34) is obtained from the prewailyield curve.

This process is repeated for each matrix compoimeftibles 5.9 to 5.20 and the sum product,
discounted byD(t;), determined.
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To determine the denominator, the same logic idieghfsee Equation 4.43). The extra term in
the denominatord;, is known since this is the time period over whibh scenario could occur

(in most cases, 10 days).

5.6.1 Weather derivative price compared to normal crop irsurance
5.6.1.1 Weather derivative price

Using Equation 4.43, the premium is R353. This rselat a farmer can take out a weather de-
rivative for R353 per month per ton where the nmids R4 200, the amount that the farmer will
receive per ton of Chardonnay grapes. The notioh&4 200 is how much the winery in Wel-

lington receives per ton of Chardonnay grapes (R&09).
5.6.1.2 Insurance price
For a farmer to take out normal grape crop inswratie following applies:

» afarm is made up out of blocks,
» each block is assumed to be 1Ha in size (for tkesrple) and

» each block requires separate insurance.

Assume Block A is 1Ha and the farmer expects 12dfograpes @ R4 200 per ton. For normal

insurance the farmer will pay, according to Equataol (Malan, 2010):
Size of block in Ha x Expected ton per block x Amount per ton (5.1)
which will then be 1Ha 12tonx R4 200 = R50 400 per ton per Ha.

This amount needs to be multiplied with a regiostfiit specific tariff. According to Malan
(2010) each region or district has its own tardfue. The set tariff for Wellington is 3.5% (Ma-
lan, 2010). Thus R50 400 (from Equation 5x13.5% = R1 764. This premium is payable per
season. Most seasons last six months so this prestiould be divided by 6 to obtain a monthly
premium, i.e. R1 764/6 = R294.

The amount that a farmer will pay per ton per H#hiss R294 per month. This insurarady

covers the farmer against hail and wind damages.
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5.6.1.3 Comparison between the weather derivative premindhthe insurance premium

Comparing the two premiums, the weather derivgpireanium of R353 per month is 20% more
than the R294 per month for ordinary crop insuraikt®vever, the farmer is covered (using the
weather derivative) for the smallest unfavourabather changes, be they rainfall or tempera-

ture changes.

The R353 is payable if the farmer wishes to hedgenst an unfavourable weather evenairy
of the six different stages of the developmenhefgrapes. However, it is possible for the farmer
to be covered for onlgne stageof the development of the grapes. This weathewatgre may

then be combined with normal crop insurance fomogltrisk cover.

Assume the farmer desires normal grape amsprance but that he also wishes to hedge against
the crop against unfavourable weather events amliynd November (the flowering and fruit-set
stage). The weather derivative price (Equation 4fdB November events only = R11. This is
calculated by changing the payout leg of Equatigt8 4or all other monthbut November to 0.
This R11 premium combined with the R294 for thenmalrinsurance = a monthly premium of
R305. Hence, for R305 per month the farmer is cador hail and wind damages throughout
the grape growth stage, with an additional coverthie month of November against any unfa-

vourable temperature and rainfall changes.

This procedure is easily followed fany combination of the above scenarios.
5.7 Conclusion

A farmer may employ weather derivatives to hedgairesy unfavourable weather events. The
amount payable per month correlates with the amgaygble for insurance. Although it is
slightly higher than the insurance, there needb®ot catastrophic event for the farmer to be
compensated for losses. Detrimental temperatureaiofall conditions measured at different
stages of the crop cycle and using the empiricawery rates, results in a payout by the weather

derivative and compensation for the farmer.
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CHAPTER 6

CONCLUSION AND RECOMMENDATIONS

6.1 Summary and conclusions

This dissertation explored weather derivativesedatively new financial tools to provide parties
financial security via payoffs dependent on weatimelices or specific, predefined weather

events based upon climatic factors and historiether data.

Chapter 2traced the origin of derivatives and subsequernidgussed the evolution and history
of credit derivatives. A credit event was definelieth formed the main building block of the
pricing of weather derivatives. Credit default swapere explained: their pricing methodology
forming the base from which a weather derivatives warived in the next chapters. Weather de-

rivatives in foreign markets were also discussed.

Chapter 3focused on different indices, structures and catdraurrently available in foreign

markets for weather derivatives.

Chapter 4explained the evolution and methodology of credfiadit swaps, as well as the differ-
ent models for pricing weather derivatives. Theselabs proved useful, but inadequate, for pric-
ing South African weather derivatives. The CDS ipganodel of Nomura (2004) was used as a
prototype in the formulation weather derivativecprg and an equation was constructed for this
purpose.

Chapter 5provided an empirical study regarding the methogdiels discussed in Chapter 4 and
explained the dependence of weather derivatives opoovery rates (which differ from product

to product and are region-specific).

A winery in Wellington in the Western Cape was aros$or the case study, and a weather de-
rivative monthly premium was determined for the @lo@nay cultivar. Standard grape crop in-

surance was explained and premiums of the weathreradive and insurance cover compared.
6.2 Recommendations

The market for trading weather derivatives in SoMititica is very small. This dissertation priced

a weather derivative in Wellington for a specifrage cultivar.
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The research discussed in this dissertation coeldxtended by exploring different agricultural
products (in different regions) and exploring thieipg for these disparate weather conditions. If
pricing is undertaken in all regions for differetrops, transparency of prices will encourage
farmers to make use of weather derivatives in amtjan with normal crop insurance, or on its

own.

In addition, recovery rates for different weatheemts could be established per agricultural
product per region. This may further encouragepteing of weather derivatives in South Af-

rica for any product in any region. This may alscairage the transition of weather derivatives
from over-the-counter based products to those witllerlying indices. This development can

only make trading of such financial instrumentseaand more transparent.
6.3 Contribution

The contribution of this dissertation was a crefifault swap pricing methodology which may

be adjusted to price a highly specific weathenaive.

If the market for weather derivatives in South A#riaccelerates because of the flexibility and
transparency of the methodology described in thesedtation, this work could contribute to the
eventual construction of a South African "weathetex". Such an index could then, in turn, be
used to price bespoke and exchange traded weadhatives, creating a liquid, transparent
market for these instruments. These developmertgueatly assist farmers and other market
participants to hedge against unfavourable weatteditions.

6.4 Final statement

If weather derivatives are explained to farmeradsedging tool, and farmers accept these, the
use of weather derivatives could revolutionise ¢hap insurance paradigm — at least in South
Africa. Farmers may choose to enter into weatheivdive contracts on one — or multiple —

weather events, for a single month or for the enseason. These derivatives may be used in

conjunction with normal crop insurance for optimadather risk cover.

96



BIBLIOGRAPHY

ALATON, P., DJEHICHE, B. and STILLBERGER, D. 2002n modelling and pricing weather
derivatives Applied Mathematical Financ®,1-20.

ALI, P. U. 2004. The legal characterization of weatderivativesThe Journal of Alternative
Instrumentsy(4):75-79.

ANON. 2002. Gensec Bank and Aquila form alliane®iting weather derivatives to South
Africa. Business Wire28 Feb [Available:] http://www.allbusiness.com/banking-
finance/banking-lending-credit-services/590823%hltDate of access: 28 Mar 2008.

ANON. 2005. Climate Prediction Cent&requently asked questions about EI Nifio and La
Nifia: National Centers for Environmental Predictidyate of access: 6 Oct 2010.

BATTEN, J. and HOGAN, W. 2002. A Perspective onddréerivativeslnternational Review
of Financial Analysis11(3):251-278. [Available:] http://www.scienceglit.com/Date of access:
29 July 2002.

BENTH, F. E. and SALTYE-BENTH, J. 2005. Stochastic modelling of tempemiariations
with a view towards weather derivativégplied Mathematical Finan¢d 2(1):53-85, Mar.
[Available:] http://www.math.uio.no/eprint/stat_report/2004/0Ag1f Date of access: 5 Oct
2008.

BESSIS, J. 2002. Risk management in bankifige@. Chichester: John Wiley and Sons. 761p.

BLACK, F. and SCHOLES, M. 1973. The pricing of apts and corporate liabilitie$he Jour-
nal of Political Economy81(3):637-654.

BOTHMA, K. 2010. Conradie Farming. Private e-maitrespondence: 17 Feb 2010.

BRANDON, K. and FERNANDEZ, F.A. 2005. Financial mwation and risk management: An
introduction to credit derivativedournal of Applied Finances2-63, Spring/Summer.

BROCKETT, P. L., WANG, M. and YANG, C. 2005. Weatlterivatives and weather risk ma-
nangementRisk Management and Insurance Revyig(t):127-140.

CAMPBELL, S. D. and DIEBOLD, F.X. 2003. Weatherdoasting for weather derivativéda-
tional Bureau of Economic Researetorking paper 10141:1-30, Dec. [Available:]
http://www.nber.org/papers.wl0148ate of access: 15 Apr 2008.

CBOT (Chicago Board of Trade), 2008. Our histony. [Available:]
http://www.cbot.com/cbot/pub/page/0,3181,942,00!HDate of access: 1 Sep 2008.

97



CHANCE, D. M. 1998. Essays in derivativésnancial Engineering Newsohn Wiley and
Sons. [Available:http://huskyl.stmarys.ca/~gue/derivativeshistory Pdte of access: 29 Aug
2008.

CHANCE, D.M. 2008. A Chronology of Derivatives. JAilable:]
http://www.cba.ua.edu/~rbooks/FI419/Chronology%2020Derivatives.pdbDate of Access: 29
Augustus 2008.

CHISHOLM, A. M. 2004. Derivatives demystified: tep-by-step guide to forwards, futures,
swaps and options"®ed. Chichester: John Wiley and Sons. 233p.

CLIMETRIX, 2008. [Available:]
http://www.climetrix.com/WeatherMarket/MarketOvesw/default.asfpate of access: 8 August
2008.

CME: Chicago Mercantile Exchange. 2008a. CME Alaginre Investment Products: An Intro-
duction to CME Weather Products. 16p. [Available:]
http://www.cme.com/files/IntroWeatherFINAL.pdfate of access: 5 Jul 2008.

CME: Chicago Mercantile Exchange. 2008b. WeathekBeound. [Available:]
http://www.cme.com/trading/prd/weather/resourcaslidate of access: 20 Jul 2008.

CME: Chicago Mercantile Exchange. 2008c. CME Enwinental Products. [Available:]
http://www.clearing21.com/files/UScontracts.iihte of access: 5 Oct 2008.

COGEN, J. 1998. What is weather rigRMA Online MagazingAvailable:]
http://www.retailenergy.com/articles/weather.hDate of access: 8 May 20009.

CONSIDINE, G. 2000. Introduction to weather denvas, Weather Derivatives Groygquila
Energy. 10p. [Available:] www.cmegroup.com/weathdrbweather.pdDate of access: 27 Mar
2008.

CUNDY, C. 2008. A brighter pictur&nvironmental FinanceDec 2007 — Jan 2008. [Availa-
ble:] new.evomarkets.com/.../2007%20Environment@lF2ance%20Survey%20Results.pdf.
Date of access: 10 Oct 2009.

CYR, D. and KUSY, M. 2007. Identification of stodti@ processes for an estimated ice-wine
temperature hedging variable. Ameridassociation of Wine economi&sAEA Working Paper
No5:1-21.

DISCHEL, R. S. 2002. Climate risk and the weatharkat: Financial risk management with
weather hedgefisk Booksl.ondon.

DISCHEL, R. S. and BARRIEU, P. 2002. Financial vireaitcontracts and their application to
risk management: Climate risk and the weather maRisk BooksLondon: 25 — 41 Chapter 2.

DUNIS, C. L. and KARALIS, V. 2003. Weather deriwas pricing and filing analysis for miss-
ing temperature data. Working Paper, Liverpool Bess School and CIBEF, Jan. 19p.

98



EICHHORN, K. W. and LORENZ, D. H. 1984. Phanolaiiis entwicklungsstadien der rebe.
European and Mediterranean Plant Protection Orgatian Bulletin 14(2):295-298.

EYDELAND, A. and GEMAN, H. 1999. Energy modelliggnd the management of uncertainty.
Risk BooksJun. 20p. [Available:]
http://www.dm.unibo.it/ssf/2008/papers_Geman/fundatals.pdf Date of access: 18 Jul 2009.

FAURE, S. G. 2006. Developing a weather derivathagket in South Africa. Stellenbosch: SA.
(Mini study project - MBA.) 86 p.

GARCIA, A. F. and STURZENEGGER, F. 2001. Hedgingparate revenues with weather de-
rivatives. Université de Lausanne. (Masters TheSig).

GARMAN, M., BLANCO, C. and ERICKSON, R. 2008eeking a standard pricing modgeh-
vironmental FinanceMar. 8p.

GEMAN, H. and LEONARDI, M. 2005. Alternative appidees to weather derivatives pricing.
Managerial Finance31(6):46-72.

GEYSER, J. M. 2004. Weather derivatives: Concegtapplication for their use in South Afri-
ca.Agrekon 43(4): 444-464.

GRANDI, M. and MULLER, A. 1999. Insurance derivas: convergence of capital markets
and insurance marketgersicherungswirtschaf608-626.

HETAMSARIA, N. and KAUL, V. 2005. All you wanted tknow about derivatives! [Availa-
ble:] http://www.rediff.com/money/2005/apr/19perfinl.hidate of access: 29 Aug 2008.

HULL, J. 2005. Fundamentals of futures and optimaskets. 5 ed. New Jersey: Pearson Pren-
tice Hall. 550p.

HULL, J. 2006. Options, futures and other derivesivé® ed. New Jersey: Pearson Prentice Hall.
789p.

HULL, J. and WHITE, A. 2000. Valuing credit defasltvapsl: No counterparty default risk.
Journal of Derivatives8(1):1-19.

HUTCHINS, R. M. 1952. AristotleRolitics, translated by Benjamin Jowett, vol.The Great
Books of the Western Woyl@hicago: University of Chicago Press, Book 14%8.

JEWSON, S. and BRIX, A. 2008. Weather derivatived the weather derivative mark€am-
bridge University PresslOp.[Available:] www.cambridge.ordDate of access: 15 Sep 2008.

JEWSON, S. and ZERVOS, M. 2003. The Black-Schotpsmton for weather derivatives. Lon-
don: King's College. 7p. [Available:]

http://74.125.155.132/scholar?g=cache:Z_ Py8r4g&tbdiar.google.com/+Jewson+and+Zervos
+Black+Scholes&hl=en&as sdt=2000&as_visBate of access: 30 Sep 2008.

99



JP MORGAN. 2008. The JP Morgan guide to creditvdgives: Risk Publications. 88p. [Avail-
able:]http://www.investingbonds.com/assets/files/Intro Goedit_Derivatives.pdbate of
access: 25 Aug 2008.

KATZ, E. 2008. Weather derivatives as a risk managrg tool.The South African Financial
Markets Journal[Available:]
http://www.financialmarketsjournal.co.za/lstedifiorntedarticles/printweatherderivatives.htm
Date of access: 20 Mar 2008.

KOTHARI, V. 2008. ISDA credit event definitions. {Ailable:] http://www.credit-
deriv.com/isdadefinitions.htr@ate of access: 15 Sep 2008.

KOTHARI, V. 2009a. Introduction to credit derivagis. 23p. [Available:http://www.credit-
deriv.com/introduction%20to%20credit%20derivativeyarticle%20by%20Vinod%20Kothari.
pdf Date of access: 7 May 2009.

KOTHARI, V. 2009b. Evolution of credit derivativevailable:] http://www.credit-
deriv.com/evolution.htnDate of access: 15 Sept 2009.

LaCROIX, K. 2008. Credit default swaps: the nevegiprime litigation front. [Available:]
http://www.dandodiary.com/2008/03/articles/subpriltigation/credit-default-swaps-the-
newest-subprime-litigation-fronDate of access: 15 Sep 2008.

LEHMAN BROTHERS INTERNATIONAL. 2001. 85p. Structwtecredit research. credit deriv-
atives explained: market, products and regulatidtes, [Available:]
http://www.investinginbonds.com/assets/files/Leh@eedDerivs.pdDate of access: 1 Sep
2008.

MAHAL, G. 2001. A survey of weather derivativestrimduction and pricingDerivatives Use,
Trading and Regulatiart(4):323-337.

MALAN, E. 2010. Telephonic Interview. Alexander Bes Risk Services: Agriculture Insur-
ance. 11 May 2010.

MARSHALL, J. 2007. Risk management: weather deiest for the middle markeEinancial
Executive Jul/Aug. [Available:]http://www.allbusiness.com/banking-finance/finamerearkets-
investing-securities/5503023-1.htidate of access: 20 Jul 2008.

MERTON, R. C. 1976. Option pricing when underlystgck returns are discontinuodsurnal
of Financial Economics3(1-2):125-144.

MULLER, A. and GRANDI, M. 2000. Weather derivativesrisk management tool for weather-
sensitive industries he Geneva Papers on Risk and Insura28¢2):273-287.

NEL, H. 2009. Bosman Wineries. Telephonic interviéy1 Nov 2009. Private e-mail corres-
pondence: 20 Nov 2009.

100



NELKEN, I. 2000. Weather derivatives — pricing aretiging. 18p. [Available:]
www.supercc.com/papers/Weather. pifte of access: 30 Sep 2008.

NICHOLLS, M. 2008. Confounding the forecadgEnvironmental Finances(4):45-49.

NOMURA. 2004. Fixed Income Research. Credit defawiip (CDS) primer, May. 12p. [Avail-
able:]http://www.securitization.net/pdf/content/Nomura_SPrimer_12May04.pddate of
access: 10 Apr 2010.

PENGELLY, A. 2008. World Bank to complete weatheridatives tradeRisk: Risk Manage-
ment, Derivatives and Structured Prody@$(8).

PERIN, M. 1999. Innovative weather bonds get ceokption from investorglouston Business
Journal, Nov. [Available:]http://www.bizjournals.com/houston/stories/19992P¥étory7.html
Date of access: 16 Jul 2008.

POOL, F. and METTLER, B. 2007. Countdown to crelgitivative futureskFutures Industry
30-38, Mar/Apr. [Available:]

http://www.securitization.net/pdf/Publications/Cit€xerivative  Mar07.pdDate of Access: 1
Sep 2008.

PWS (PricewaterhouseCoopers). 2008. [Available:]
https://imf.org/external/pubs/ft/weo/2008/01/c44i@.pdfDate of access: 17 Sep 2008.

RANCIERE, R. G. 2002. International capital marketedit derivatives in emerging markets.
International Monetary Fund Policy Discussion Pap&pr. 24p. [Available:]
http://www.crei.cat/people/ranciere/wpapers/imf.pdite of access: 1 Sep 2008.

RANDALLS, S. 2008. Weather, finance and meteoroldgyecasting and derivatives: School of
Geography, Earth and Environmental Sciences, Usiityeof Birmingham. 4p. [Available:]
http://www.meteohistory.org/2004polling_preprintséd/abstracts/randalls _abstract.pdite of
access: 20 Mar 2008.

RAY, R. 2004. Weather derivatives: Global hedgiggiast the weatheDerivatives Use, Trad-
ing and Regulation9(4):293-301.

RICHARDS, T. J., MANFREDO, M. R. and SANDERS, D.Z04. Pricing weather deriva-
tives.American Journal of Agricultural Economic®6(4):1005-1017.

SIEMS, T. F. 1997. 10 myths about financial deied, Cato Policy Analysis No. 283. [Avail-
able:]http://www.cato.org/pubs/pas/pa-283.htbdte of access: 8 Aug 2010.

STEWART, R. T. 2002. Derivative Instruments Writim Non-Tradable Assets: The Case of
Weather Derivatives. (Dissertation submitted irtiphfulfillment of the requirements for the
degree of Philosophy in the department of Econoyniay. 80p.

SWART, B. and VENTER, A. 2006. What is quantitatfiremnce?South African Journal of
Science102:113-116.

101



TAVAKOLLI, J. 2001. Credit derivatives and synthesituctures: a guide to instruments and ap-
plications. 29 ed. New York: John Wiley and Sons.

TINDALL, J. 2006. Weather derivatives: pricing ansk management applications. Presented to
the Institute of Actuaries of Australia Financiar@ices Forum. 50p.

US FEDERAL RESERVE. 1998. Trading and capital-megleetivities manual, Feb. 605p.
[Available:]
http://www.federalreserve.gov/boarddocs/supmarmaalitig/200704/0704trading.pdfate of
access: 9 May 2009

VASICEK, O. 1977. An equilibrium characterizatiohtbe term structurelournal of Financial
Economics5(2):177-188.

YAMAMOTO, Y. Efficient parallel implementation of weather derivatives pricing algorithm
based on the fast Gauss transform.

ZANDERS PARTNERS. 2009. Valuation of weather detiwes using Monte Carlo simulation.
4p. [Availible:] http://zanders.euUDate of access: 4 Oct 2009.

ZENG, L. 2000. Weather derivatives and weatherrausce: concept, application, and analysis.
Bulletin of the American Meteorological Sociedy:2075-2082.

102



	Nadine Holemans Meesters Index
	Nadine Holemans Meesters Inhoud

