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Preface 

Co1n1nodities surround us everywhere in our daily life. People consume staple foods 
such as wheat, rice, potato or corn, and also need vegetables, fruits and meats. Cot­
ton is used to make clothes. M_etals and \Vood are essential ra\v material for making 
tools, machinery or even cars and houses. Moreover, in the modern \Vorld, the need 
for oil, gas or electricity as energy resources is high and still growing. Commodities 
have major impact on economies of developed and developing countries. As a result, 
worldwide commodity markets have gro\vn explosively in the past several decades. 

Com1nodities are defined as consumption assets \vhose scarcity has a major im­
pact on the world and country-specific econon1ic development ('?). In the old days, 
co1n1nodities \Vere traded in the so-called spot markets (si1nilar to con1mon 1narkct 
places), \vhere buyers and sellers met to make transactions for i1n1nediately delivery. 
'l'he history of "n1odernn com1nodity markCts ha.s begun in the 1Gth century, \vhen 
growers in Japan sold their rice at the time of planting in order to finance the pro­
duction. This transaction did the first so-called forward C/Jntract. Such contracts 
did become rapidly popular. In the 18th century, numerous for,vard contracts on 
potatoes and other agricultural products took place in the USA. Standardization of 
such contracts in terrns of quantity, quality and delivery date of a conunodity has 
become inevitable. �['his triggered the establishn1ent of NYCE (New York Cotton 
Exchange) in 1842 and CBO'I' (Chica.go Board of 'l'rade) in 1848. 

In the Netherlands, cornmodity inarkets began in the 16th century. Forward 
contracts on tulip bulbs have bee� traded in the Netherlands since the early 1GOO's. 
It was not long before many speculators joined in and led the market to a crash, 
by failing to honor their agrcernents, Soon after\vards, such transactions were even 
declared illegal. J-lo\vever, con1n1odity trade in the Netherlands wa.c.; not affected 
by this unfortunate incident. �ehe Arnsterdam Exchange (Amsterdamse Beurs) is 
considered the oldest stock exchange in the world. It started trading in the 16th 
century, when Dutch traders decided to take charge of the spice import from Asia. 
The prime trading and shipping companies of liolland merged to form one large 
company called VOC (Verenigde Oostindische Co1npagnie). In order to finance 
their ships and cquiprnent, in 1602 the VOC established the Axnsterdarn Exchange, 
\Vhich is still active now as part of the European Stock Exchange Euronext. 

Of all com1nodities, energy has becon1e the biggest rnarket-traded con1n1odity 
(although modern con1modity markets have roots in the trading of agricultural prod-
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ucts). '.l'his happened after the deregulation in oil and natural gas industries in the 
1980s, follo\ved by deregulation in electricity industry in the 1990s. Before the 
deregulation, prices \Vere set by the regulator, i.e., governtnents. Energy prices were 
relatively stable� but consumers had to pay high pre1niun1s for ineflicient cost, e.g., 
co1nplex cross-subsidies fron1 area \vith surpluses to area \vith shortages or ineffi­
cient technology. J)eregulation led to a free market with more cornpetitive prices, 
but revealed that energy prices are the 1nosi volatile among all commodities, which 
e�posed both energy produce1·s and consu1ners to many financial risks. 

Cominodity (and especially energy) prices are much more volatile than prices 
on stocks, bonds or other financial indices. ' l'his high volatility is caused by rapid 
changes in supply and demand due to 1nany reasons. Fluctuations of oil prices often 
are associated with fluctuations in supply due to political events, e.g.i the Gulf \var 
or the terrorist attacks of Septe1nber 11, 2001. For natural gas and electricity, price 
fiuctuations are mostly led by \Veather conditions, i.e., fluctuations in de1nand. 

As a consequence of the extren1e volatility of energy prices, energy rnarket par­
ticipants are susceptible to significant n1arket risk (i.e., the risk a5sociate<l \Vith the 
uncertainty about the price). There are several ways to 1nanage the price risk. 'I'he 
si�i)lest way is to buy and store the physical commodity (e.g., the oil) when prices 
fall and use it \vhen prices increase. l·Iowever, this is an expensive way of rnanaging 
the price risk because the storage costs are usually quite high. And for electricity 
this does not \vork at all since it is con1pletely non-storable and n1ust be consumed 
once generated. 

A cheaper \Vay of 1nanaging the price risk is using so-called deri-vatives contracts, 

or simply derivatives. The sin1plest derivatives contract is the forward contract we 
already mentioned, where the purchase (and hence the price) of a con1modity is 
agreed now, but the comn1odity itself is delivered sometime in the future. A futures 
contract is very similar to a for\vard contract, only it is standardized (in te1·ms of 
quality and quantity of the underlying co1nmodity) and it is traded via an exchange 
and not directly 'bet\veen two counterparties. 

There are �yriads of other derivatives in modern financial and con1modity mar·· 
kets. One thing they have in co1nmon is that they cannot exist \vithout the un­
derlying asset (e.g., a co1nmodity) and their price is derived fron1 the price of that 
underlying asset. Derivatives have become very popular in the past few decades, as 
they can be a very effective and efficient tool for nlanaging risk, if used \visely. At 
present1 almost all activity in commodity markets takes place in the trading of com­
n1odity derivatives (especially forward and futures contracts) and not co1nmodities 
themselves. For exa1nple, in the case of oil, trading volumes in derivatives markets 
are nine times larger than those occurring in trading of actual (physical) oil, and 
this ratio is consistently increasing with the arrival of new financial players. 
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])erivatives are essentially bets on the prices of the underlying asset. And as one 
can bet on the direction of a stock or oil price, one can also bet on e.g., what kind of 
\veather it vvill be this winter in 'J'he Netherlands, or whether a certain catastrophic 
event \Vill take place (e.g., \vhether a strong hurricane hits 'J'exas this auturnn). 1I'he 
realization of this fact has led to the ernergence of two ne\v classes of derivatives: 
\Veather and catastrophe derivatives. 

Weather plays an important role in many industries: in agriculture, \Veather 
affects crop harvests. The energy industry is also very susceptible to \Veather: pro­
duction of electricity (especially hydro-electricity) heavily depends on the rainfall. 
Moreover, severe weather conditions can raise the demand for natural gas and elec­
tricity. ' I'ourism, construction and rnany other industries are also susceptible to risks 
associated \vith \Veather conditions. Nowadays many of these industries can protect 
their profits frotn weather risks by buying or selling appropriate weather derivatives. 
Such derivatives are traded in the US, Europe and Japan, on inany exchanges such 
as Chicago Mercantile Exchange. 

Catastrophe derivatives bear inore sin1ilarities to insurance policies: a holder of 
a catastrophe derivative will receive a substantial payment if a certain catastrophic 
event takes place (of course, this holder has to pay a price for such a derivative at the 
start, just as one has to pay an insurance premium). The big difference \\'ith insur­
ance, however, is that catastrophe derivatives are not issued by insurance companies 
(although they use such derivatives very actively nov..r in their daily operations), but 
are freely traded on exchanges. It is clear \vho \vould buy a catastrophe derivative: 
a construction company, a real estate developer or an insurance co1npany which will 
have to pay large compensations in case of a catastrophic event. But who \vould sell 
such a derivative? Anyone who wants to diversify their portfolio, since occurrence 
of a catastrophic event (and hence, a cash flow associated with a catastrophe deriva,.. 
tive) is almost uncorrelated to movements of financial markets or financial crises. 
In this respect, catastrophe derivatives are the so-called zero"beta assets, i.e., their 
prices do not move together \Vith prices of stocks or financial indices. 

Another interesting new developn1ent in con1n1odity trading ha.s been the intro­
duction of the so-called emission tradi.ng, or emission n1arkets. On these markets, 
the allowances to companies to emit greenhouse gasses such as C02, are freely traded 
as any other cornmodity. Since the ratification of the I{yoto Protocol in 2006, each 
participating countrys governn1ent sets a limit on the arnount of carbon en1ission 
that any company can produce. If a cornpany pollutes more than its limit, it has 
to buy extra emission allowances fro1n a co1npany that pollutes less than its limit. 
In this way, carbon emission allowances have becon1e a traded conunodity. 'I'hese 
allowances and derivatives on the1n a.re traded on many exchanges worldVlricle, e.g., 
on the European Energy I�xchange. 
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The sirnplest corn1nodity derivatives are fori.varcl and futures contracts. Another 
popular derivatives contract is an option: a right (and not an obligation, as it is 
the case with forward or futures contract) to buy or sell a certain ai;set (e.g., a 
co1nmodity) at a fixed price on a fixed date. 'rhis is the so-called plain vanilla, 
or European option. I-Io\vever, real financial 1narkets (and especially conunodity 
markets) are more like zoos, populated by all kinds of derivatives, vvhich can be 
much more con1plicated agreements. Such complicated contracts are called exotic 
derivatives, and they fascinate finance researchers, just as exotic birds or anin1als 
fascinate most people. 

Energy options and volatility 

'.I1he first option trading \Vas legitimized in 1934 in the lJSA for soine agricultural 
products. For the next several decades, the option trading was virtually inexistent. 
'l'he main reason for this \Vas the fact that it \va.s not clear what a fair price of an 
option should be and how the seller of an option contract. can xnanage risks a.":lsociat.ed 
with it. 'fhen, in 1973, Arnerican econoinist.s Fischer Black and Myron S. Scholes 
published a groundbreaking article, \vhich at once ans\vered all these questions and 
introduced the famous Black-Scholes fonnula for the fair price of an opt.ion. Also 
in 1973, another economist I:Wbert C. :tvlerton published a paper expanding the 
mathematical understanding of th0 options pricing rnodel of Black and Scholes. In 
the same year 1 the Chicago Boa.rd Options Exchange was established and began 
trading standardized call options. rrhe impact of the work by Black, Scholes and 
Merton \Vas so enormous, that trading in options grew exponentially since then 
and reached the total volume of 20 trillion US dollars worldwide in ] 995 (from 
practically zero in 1972). In recognition of their groundbreaking worki Merton and 
Scholes \Vere awarded the 1997 Nobel Prize in Economics for the famous Black­
Scholes option price for1nulai Fisher Black unfortunately was ineligible, having died 
in 1995. Since tlleni the option trading has been dramatically growing even further, 
not only in 'traded volumes (in 2006 the option trading volume has already reached 
270 trillion US dollars)i but also in the types of traded options. Options have become 
a practically standard tool of risk management. 

On a more academic note, the \Vork by Black, Scholes and Merton gave rise 
to an entire ne\v discipline on the border between rnathernatics and finance) the 
so-called financial mathematics or financial engineering. It. has grown rapidly as a 
new scientific area, has given a lot of inspiration for researchers and provided many 
new contributions in both mathematics and finance. The present thesis is also an 
attempt to contribute to the area of n1a.then1a.tical finance. 
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']'here are t\vo classes of derivative pri{;ing inodels: analytical and nurnerical 
approaches. Analytical approaches are particularly attractive for practitioners: they 
usually provide a closed form expression for a derivative's price1 so it. is fast and easy 
to implement, \Vhile numerical approaches are n1ore flexible, but tend to be tin1e 
consurning. 

Most con1n1odity derivatives are exotic1 i.e.1 rnore coinplicated than European 
options. 'rhere are inherent reasons for this. For examplei most energy delivery 
contracts are based on the average oil price over a certain period of time, ln this 
case, a so-called Asian option is better suited for risk n1anagen1ent purposes: for 
Asian options, the settlement price depends on the average asset price over a certain 
time period and not on the asset price on one specific datei as it is the case with 
European options. Anot.her exa1nple arises from the fact. that oil is physically traded 
t\vice: as a refinery feedstock and as a refinery product. So the portfolio of 1nost 
energy con1panies is a basket of several assets For exa1nplei a refinery company 
111ust. buy crude oil and sell refinery products (e.g. 1 gasoline and heating oil). I-Ience, 
its portfolio consists of a so-called short (i.e. i negative) position on crude oil and long 
positions on gasoline and heating oil. A power station is a similar exarnple: it must 
buy fuel (e.g.> natural gas) to produce and S()ll electricity. A so-called basket option, 

an option whose payoff depends on the \veighted slun of the assets in a port.folio, is 
an effective risk management tool in this case. 

'l'he Black-Scholes model heavily depends on the assun1ption that t.he price pro­
cess of the asset underlying an option is a Geoinetric Brownian M'otion (GBM). 
It means that the underlying asset (e.g.i stocks1 futures) price)s distribution is log­
normal and the price log-returns or relative returns are norn1ally distributed. 1] nfor­
tunately, the celebrated Black-Scholes formula cannot be directly applied for valuing 
and managing most exotic options. For example) in cases of Asian or basket op­
tions, Black-Scholes approach fails due to the fact that the arithmetic average or the 
weighted sum of log-normal random variables is not log-normal anymore. Valuation 
of exotic derivatives (suCh a.c.; Asian or basket options) requires specific toolsi usually 
much rnore co1nplex than t.he Black-Scholes formula. 

Our main contribution in the area of exotic derivatives is a new n1ethod for 
valuing and hedging general basket options1 i.e., options on portfolios containing 
several assets and also long/short positions. rrhis method uses a generalized of family 
log-normal <lis1.ribut..ions1 the so-called GLN (Generalized log-normal) distributioni 
to approximate the baslwt distribution. It can dea.1 with negative skewness and 
negative values, typical for genera.I baskets. The GLN approach leads to closed 
formulae for option 1s price and greeksi it a.llo\VS us to stay within Black-Scholes 
frame\vork, and can easily be extended to Asian basket options. 

Asset price volatility is the rnain pa.rarneter dctcrrnining the price of an op-




