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Energy consumption forecasting

Continued, see Part13_EnergyForecasting_Show.pdf.
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Energy consumption

Problem statement

Let there be given:

x=[x1,...,x7_1]7, x € Rl — time series,
t-41 — t; = const,

k is a period and T = mk.

One must:

to forecast the next value x7.

The reshaped time series is (m x k)-matrix

XT XT-1 s XT—k+1

X(m=1)k X(m=1)k—=1 -+ X(m=2)k+1
Xcombined —

Xnk Xnk—1 <o Xn(k=1)+1

Xk Xk—1 e X1



Energy consumption

The regression problem

XT XT—-1 s XT—k+1
X(m=1)k | X(m=1)k=1 -+ X(m=2)k+1
Xcombined:
Xnk Xnk—1 <o Xn(k=1)+1
Xk Xk—1 oo X1
In a nutshell,
-
XT | Xtest
y | X

In terms of linear regression:

y = Xw,

y* =XT = <xt7e—stvw>'
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Energy consumption

Model generation

Let there be given:
a set of the functions G = {gi,..., g/}, for example

g1=1 8 =X g=x 8 =xVx

The generated regression model X =

81 0 XT-1 ... BroXr-1 | e | 81 O XT—k+1 oo BrOXT k41
810 X(m—1)k—=1 -+ 8rOX(m-1)k—1 | --- | 81O X(m=2)k+1 -+ 8r O X(m-2)k+1
81 © Xnk—1 <. 8r O Xnk—1 <o | 819 Xp(k—1)+1 <o 8r O Xn(k—1)+1
81 O Xk—1 8r O Xk—1 810X1 8r 0 X1
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Volatility of European option

European option

Options are financial instruments that convey the right, but not
the obligation, to engage in a future transaction on some

underlying security.

Ct = F(o,P,B,K,t),

C: — option price (Call op-
tion),

o — volatility,

P — price of security,

B — risk-free rate,

K — strike price,

t — time to expiration.
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Historical price of security
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t — time to expiration, years,
P — security price.

Horizontal lines correspond to strike prices K.
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Historical prices of options K
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t — time to expiration, years,
C — option price.
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Volatility of European option

How to calculate the volatility?

Volatility most frequently refers to the standard deviation of the
returns of a financial instrument. It is often used to quantify the
risk of the instrument over a time period.

Implied volatility of an option is the volatility implied by the
market price of the option based on an option pricing model.

o™ = arg min(Cyist — C(0, P, B, K, t)).

We consider implied volatility as the dependent variable of the
regression model.

Our knowledge about volatility helps us to estimate the risk of capital

investments.
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Volatility of European option

Implied volatility

The implied volatility depends on the time t and strike price K.

implied
volatility

strike

implied
volatility

strike
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Implied volatility, source data
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Volatility of European option

Volatility model, given by experts

A model for traders at the Russian trade system

7= o) = wi + (1 — exp(- ) + (),
log(K) — log(C(t))
oslcle)

where x =

Model assumptions [Daglish, 2006]

e The volatility depends on the option price.

e The volatility proportional to inverse square root of the
maturity.
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Volatility of European option

Historical data

e The following data set was shown:
e Semi-annual option on Brent Crude Oil, from 02.01.2001
to 26.06.2001. Put option, symbol is CLZ01.
o quarterly option CNX 100, Deli market index, from 30.09.2007
to 27.12.2007. Call option, symbol CE.

e Basic model by RTS experts:

wy arctan(wsx
o =o(w) = w; + wy(1 — exp(—wzx?)) + 4T(5),
5

_ InK=InC(¢)
where x = —F
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Non-linear model

(W1K2+W2K+W3)

7= Jt
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Historical data: prices of the options and the security

Volatility of European option

K= 13.50 13.00 12.50 12.00 11.50, 11.00
Maturity K1 K2 K3 K4 K5 Ké
-91 0.105 0.16 0.24 0.36 0.56 0.725
-20 0.105 0.16 0.24 0.35 0.56 0.725
-87 0.105 0.16 0.21 0.36 0.56 0.725
-86 0.105 0.16 0.21 0.32 0.56 0.725
-85 0.105 0.16 0.21 0.32 0.48 0.725
-84 0.105 0.16 0.215 0.33 0.625 0.725
-83 0.105 0.16 022 0.41 0.625 0.725
-80 0.105 0.16 0.25 0.42 0.69 0.885
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Volatility of European option

Given data

te{ty,...,tr,...,tea} =T is the set of the time ticks,
K e {Ki,...,Kk,...,Kia} = K is the set of the strike prices,
C = C(t, K) are historical option prices

P = P(t) are historical security prices

The desired model is
o = f(t,K).

17 /22



Index mapping

Implied volatility

ok arg min(CNISt — C (o, Py, B K. 1)).
o b

Sample set for regression analysis
ok o i=T+ k(T - 1),

(t,',K,') ceT x K

The regression model
oh = f(t,', K,').

1

Volatility of European option

18 /22
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Volatility models, toy version

Model-1, polynomial on t, K:

a(t,K)=wy + wot? + wotK + w3 K2.

Model-2, fractional power (series) on t, K:

fg(t, K) = wy + W2t2 + Wg,K2 + wy

VK n \/Wexp(t)‘

1+ exp(t) s K
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Volatility of European option

Volatility model-1 (toy version), polynomial
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Volatility of European option

Volatility model-2 (toy version), fractional power
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