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Outline

I will talk about:
� a crash course in �nancial jargon
� Basics of hedging
� Brownian motion
� How to trade on weather
� But... Why?

Material on this talk is from Hull, “Options, Futures and other
Derivatives” and from Eydeland and Wolyniec, “Energy and
Power Risk Management: New developments in Modeling,
Pricing and Hedging”
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But...

� Doesn't hurt to know what's out there.
� Lots of people WILL end up out there
� Everyone should take a look around.
� Thinking you can only do physics because you have never

done anything else... is plain dumb.
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Financial Markets

� What do they trade again?
� Commodities: iron, oil, ethanol, sugar, soybeans, aluminium,

rice, etc...
� All kinds of stuff that exists, but not only
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Futures

A future is similar to a forward contract but is:
� Standardized (quality, delivery, etc...)
� Only delivery month is speci�ed
� Traded on exchange
� The actual exchange of asset for money doesn't really happen

(most of the times). You just get back your piece of paper by
entering a contract in the opposite position

� Less chance of default. The money is put in a big pool, the
exchange, so it's more dif�cult to lose it
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� A long position is when you promise to buy
� A short position is when you promise to sell
� For options, you can have a long call, long put, short call,

short put.
� In the car example. Call option with strike price of$2000and

maturity in a year.
I give you$10to buy a call option.
If in a year your car is worth more than$2000I will buy it.
If you wreck your car, I will not buy it.
Payoff ismax(P � 2000; 0) � 10

But the good question is...
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... why bother?

It's all about risk:
Suppose I grow corn in Kansas...

� Need to sell it in August
� Will I get enough money?
� What if people stop thinking they can save the world buying

overpriced ethanol?
� Can reduce the risk with short position on corn futures with

strike price X.
� If price of cornS in August is lower than my costC I . . .
� LoseS � C from corn, but makeX � S from futures
� I will earn X � C, no matter what people do!

This is called hedging
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How Nymex works

Nymex is the part of the New York Mercantile Exchange which
trades in futures and options related to energy market

� Customer calls broker to buy or sell futures or options
� Broker talks to �rm representative on exchange �oor
� Buyers and Sellers standing in trading ring compete in a

bidding process (loud outcry)
� Transaction recorded on a piece of paper
� Piece of paper tossed into the center of trading ring within a

minute
� recorded on computers
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Suppose you have some gold. ValuedS0 now.
� The priceX of a one year forward contract can be

determined with no arbitrage arguments
� Risk-free interest rate is5%per year.
� If I keep theS0 dollars in a year I will have1:05S0

� If price X lower than1:05S0, I'll sell the asset, put money in
bank, enter long forward contract. I will make
1:05S0 � X > 0

� If price X higher than1:05S0, I'll borrow money, buy gold,
enter short forward contract. I will makeX � 1:05S0 > 0

� If enough smart men around with money the price will be
X = 1:05S0
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Interest rate

Suppose you have a debt with a12%A.P.R. (Annual percentage
rate) with monthly compounding

� If I have$1000debt now, how much will I owe in a year?

� 1000(1 + 1
100( 12

12))12 = $1000(1:01)12 = $1127

� This is because it's compounded monthly
� Continuous compounding, becomes exponential

(1 + r=n)n �! er

� X at timeT is worthXe� rT now. Time measured in years.
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Long forward contract

On a asset providing no income

� Price at time 0F0 = S0erT

� Consider now a forward contract with delivery price ofK
and delivery timeT

� Contracts with delivery timeT now sell atFt = SterT

� The value of my contract isf = St � Ke � r (T � t)
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Delta hedging for dummies

Suppose I have an assetS, and a derivative with valuef (S).
� Now I can hedge my position
� Build risk-free portfolio
� � = ( f � � S)

� � � = df
dS �S � � �S

� Can build a perfectly risk-free portfolio if� = df
dS

� If at any instant I have the right number of derivatives I can
reduce risk (dynamical hedging)

� value of a forward contract isf = St � Ke � r (T � t) . � = 1 ,
allows static hedging.
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Stochastic models

Wiener process
� Change� z during time� t is

� z = �
p

� t

� � is random, according to normal distribution.h� i = 0 ,
h� 2i = 1

� z follows Markov process (no memory)
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Stochastic models

Ito process
�

dx = a(x; t )dt + b(x; t )dz

� Then

df (x) =
�

a@x f + @t f +
1
2

b2@xx f
�

dt + b@xdz

� the funny terms should be second order, but(dx)2 contains
b2dz2 � b2� 2dt � b2dt.
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� If stock price follows geometric Brownian motion,

dS = �Sdt + �Sdz

� for a derivative,

df =
�

@f
@S

�S +
@f
@t

+
1
2

@2f
@S2

� 2S2
�

+
@f
@S

�Sdz

� Cool fact: � = @f
@SS � f does not depend ondz! It's risk-free

� Its value must grow with risk-free interest rate.�� = r �� t
� Get Black-Scholes-Merton differential equation:

@f
@t

+
1
2

@2f
@S2

� 2S2 = r (f �
@f
@S

S)
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� Independent of�
� Still an arbitrage argument, based on enough liquidity
� Risk-neutral valuation
� Can be solved with boundary conditions, to provide price of

options
� Since it depends on volatility one can do opposite. Use the

price of options to estimate implied volatility.
� people do option pricing with Montecarlo simulations
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But...

We made a lot of assumptions
� Normal noise
� Constant volatility
� Liquidity

In practice a lot of things can go wrong
They usually do, especially in energy market
Plenty of more re�ned models, random volatility, Poisson jumps,
hybrid models
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A look at the energy market...

� Lots of money
� Very complex (Can't store electricity!)
� Relatively new, people trade on oil, natural gas, electricity,

weather
� Assumption of normality is usually bad, very large spikes in

price
� smiles and smirks (volatility depends on value of options)
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Exotica

� Spreads: Price differential between two commodities
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� Spreads: Price differential between two commodities
� Crack Spread: Differential between the price of re�ned

products and the price of crude oil
� Paper Re�nery
� Spark Spread: Differential between the price of electricity

and the prices of its primary fuels
� Paper Power Plant
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Example of power plant

Hedging with spark spread future contract.
I can protect my margin with futures, to reduce exposure.

� Short future position (sell spark spread): Sell electricity at
priceP buy gas at priceX .
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Weather derivatives

� Started in 1997
� Basic trading on Heating-Degree Days

HDD T
t =

P T
i= t max(65F � � i ; 0)

� Cooling-Degree DayCDD T
t =

P T
i= t max(� i � 65F; 0)

� The idea is that temperature affects demand for power, and
therefore price

� Didn't really take off as a market. Usually more convenient
to use other instruments to reduce risks

� Advantage is that there is more data on weather than energy
prices
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Summary

� We learned some basic language
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Summary

� We learned some basic language
� We saw an easy example of hedging with futures
� De�ned Delta hedging
� Used Brownian motion to price options
� Learned about energy market
� Talk to me for references...
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The End!

Finance is not rocket science...... but this is!!
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