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Future prices EEX
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Possible approaches to futures modeling

* Derive future prices from the spot
example: Schwartz and Smith two-factor model
 Model future dynamics directly
example: Heath-Jarrow-Morton (HJM) approach



Electricity futures

Delivery over month/quarter and over a year
Overlapping delivery periods

Average spot price 1s used for reference
price of the future contract

Two possibilities
1. Model fixed-delivery futures F(t,T) and derive
electricity futures F(t,T0,T)
2. Model directly electricity futures F(t,T0,T)



Schwartz and Smith model for
commodity futures

Schwartz E. and Smith J.E. (2000), Short-term

variations and long-term dynamics i commodity
prices, ]V[cmagement Science, vol. 46, No. 7, pp. 8934
O11.



St (or S(t)) the spot price of electricity at time .
In(Sy) = x¢ + & (1)

X¢ (or x(?)) - the short-term deviation in price
&+ the equilibrium price level

dx(t) = —kx(t) dt + oy dWy (1), (2)

d&(t) = fe dt + o ¢ dﬂg(t)
Here

AWy (£)dWe(t) = pyedt

under an real-world measure P.



. . sk
Consider risk-neutral measure Q.

dx(t) = (—rx(t) — Ayoy) dt + oy dI'I-f”;é(t)

(6a)
de(t) = (ug _ )\gag) dt + odWA(t)
(6Db)
Here
AWF(OAWVE() = py g

: %
under the risk-neutral measure Q.



(X¢#) is the process reverting to —.)\XO'X / K
(£4) 1s again a geometric Brownian motion, but

ow with a drift 1 — e —
now with a drift ,ug He /\505.



t - current time

T{) - one day before starting date of delivery
T - an ending date of delivery.

For: =1,...,n consider n averaging points
ti = T() +1- At

tn =T
At = (T —Tjy)/n.



G - geometric average of n prices at times tq,
ty,...,In

e

- 11/n
Gn = H S(t;) - (5)




Now lets denote the future price of electricity at
time ¢ with delivery period (T}, T| as F(t,T,T).
Under risk-neutral measure

1 . |
— exp {mA(thO’T,Tl) + SUi<tToT n)}

= xee " o(Ty, T, n) + & + B(Ty, T, n),
(13)



Now we can calculate term premium coefficient R:

ks |G ks |G
F(t, Ty, T) E; |Gn)

In the case where ¢ < 1 term premium coefficient
can be expressed as

ATy

R:

- (1——65”“T_0¢%76,71nj)

n—1
Ao (T—t—(n . )At>

e




For the case where t1 < ¢ <7

MOy (n —+1 1l - e_(”_i*ﬂ)mt)

R = -
K n ne | — e~ KAt
n—i"+1 i +n
+Ae0¢ - (To —t) + ( 5 )At] (20)

where i is such that Liv 1 < T <1«
If n=1

1 — —k(T—t)
R =)o, ( -

K

)+ x0T 1)



e [istimation of the model parameters

(K, Hes TXs O Pyes Ay /\5)
for month futures using Kalman filter and maxi-
mum likelihood



Calibration

* Simple estimation of the parameters leads to
unrealistic sets of parameters which are also
depended on starting values and boundaries for
parameters estimation.

« Example:

3.99 1-0.56 10.08 {0.29 {0.01 |0.02 |0.67
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short term deviations
equilibrium level

log S

State variables and logarithm of spot price
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Modelled spot

—— modelled

spot
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Calibration

 Now we first estimate K from spot data

(=0.427)
« Example:

0.43 10.60 [0.58 10.34 {0.04 | 0.06 {0.70
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January 2006 year forward
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State variables and logarithm of spot price
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Modelled spot
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Further research

Optimize estimation of model parameters:
some parameters could be estimated a priory.

Estimation of model parameters using
different approach: for example simple
calibration with minimizing squared errors
(fitting to monthly futures)

Forecasting
Option pricing



Questions?

Suggestions?



