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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Introduction

» Adynamic daily market approach is established from the Nordic/Baltic Electricity market (NordPool). The period with available data
wind forecasts is from January 2013 to May 2017. The daily wind information in MWh is shown below:

Daily Nordic/Baltic Wind Prognosis 2013-2017

R*=0.1932
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Introduction

» The daily electricity price information in MWh for the Nordic/Baltic Electricity market (NordPool) 2013-2017 is shown below:

Daily Nordic/Baltic Electricity Prices 2013-2017

R*=0.1868
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

The Impulse-Response Methodology

Impulse Responses for the Mean Equation:

The paper applies the methodologies outlined by Gallant et al. (1993) defining one-step ahead forecast for the mean conditioned on the

history as (for a Markovian process) (y = spot price and wind forecast changes):

g(ytL-+1 s )=E (){+1 | ()ﬁe )f:o)

y;(x)=E (g(ym-ﬂ- T I P =x)

and therefore yij fori=-60,...,60 and j=0,...,5, where
:E(E (yt+j | Viers reer Yos )l)f :X)

X=(Yig oo} )

We write:

Note that { yja} ~ represent the response to a negative 10% impulse. Here the responses depend upon the initial change x, which reflects
J

the non-linearity.

o

We report { yj - yj} ,i=-60,..,60and j=0,..,5 , which represents the effects of the shocks on the trajectories of the process itself.

J

A conditional profile can therefore be defined as: E[g(yw._,,,..,yw)/{yt_k}ia]/ (/j=01..,5),



Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

The Impulse-Response Methodology

Impulse Responses for the Variance Equation:

Defining one-step ahead variance (volatility), is the on-step ahead forecast for the variance conditioned on the history as (y = spot price

and wind forecast changes):

Val‘(yt+1 |(yu< ):_0)=E{[){+1 E (/m )’(ﬂe }::0)% ' E y(t+1| y{u« }:’:0)[|~y£< }:;0}

¥ (X):E(g(yr—z+j/'-'IJ/f+/)/Xt :X)

| = X =V 70w
:E(I/ar(yt+j /Xf+/-1)/)(, :X) for j=0,...,5, where (Viat oo Y6 )

We write:
-10)%
Note that {l//, } ~ represent the volatility response to a negative 10% impulse. The responses depend upon the initial change x.
J
i 0% . . R . . -
We report {l// v j} ,1=-60,...,60and j=0,....,5 = which represents the effects of the shocks on the trajectories of the process itself.
J

The conditional volatility profile is different from the path described by the j-step ahead square error process. Note that analytical
evaluation of the integrals in the definition of a conditional moment profile is intractable. However, evaluation is well suited to Monte

Carlo integration. For simulated realisations we write (with approximation error tending to zero almost surely as R — ):

g,()=[-[g(vs sy )Lfo[f(yﬂ | Yess reeer¥ )}dy---dy

r(1/R)RZlg(y; s ¥

Sup-norm bands (confidence intervals) are constructed by bootstrapping (changing seed generates densities and impulse response samples)
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis
Empirical Model Analysis

Stationarity for price and wind forecast changes
For both series we adjust for systematic location and scale effects in both mean and volatility.

Step 1 (mean): Regress @ = X-f+U , where x consists of calendar variables (trends, day of week, week number, calendar

separation variable, Eastern and other sub-periods.

02

Step 2 (variance): For the residuals U we regress G =X-y +& . We form

giving us a series with mean zero and unit variance

given x (calendar variables).

~

u

same as that of the original series.

The series @ =a+b-(

) is taken as the adjusted series. a and b are chosen so the unit of measurement of the adjusted series is the

For the gand y parameters for these two simple regressions, | refer to the manuscript.
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Empirical Model Analysis

Stationary Electricity Spot Price changes (time series)

Adjusted Log Spot Price Movements
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Stationary Wind Forecast changes (time series)

Adjusted Log Wind Forecast Movements
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Empirical Model Analysis

» An unconditional electricity price and wind forecast scatterplot for the Nordic/Baltic Electricity market (NordPool) 2013-2017:

Scatter Plot of Unconditional Adjusted Daily Spot Return Series vrs Adjusted Raw Wind Change
Prognosis Series
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Empirical Model Analysis
The Semi-Non-Parametric Model (SNP) specification is (7,1f,1f,1,4,0,0,0) :

Table 3 Bivariate SNP model: System Price and Wind Forecast Movements

Hermite Polynomials: Bivariate Mean Equation: Bivariate Volatility Equation:
Descriptor  theta (q) stderror  t-statistics B(L.1) 2008366 002711 -3.15%12 RO[1] 0.01099 026732 -0.04111
a0[1] o1 0.003630 0.013460 0271200 B(2.1) -0.07432 0.02662 -2.79971 RO[2] 0.0472 006662 0.70847
al[2] 02 0.006930 0.045740 0.151410 B(1.2) -0.03662 0.02034 -1.78293 RO[3] 041671 0.03854 7.11852
al[3] 03 0.020330 0.014380 1395410 B(2.2) -0.16742 0.02761 -6.06407 P(LL) f 030213 0.03693 8182
a0[4] 04 0043730 0.0138%0 3293160 B(1.3) -0.19478 0.0241 -8.1656 PRI £ 0.02454 0.04954 0.49522
al[5] 10  0.015520 0.013410 1.157010 B(2.3) -0.12116 002451 4.94372 P(12) f 0.03601 003339 -1.07851
0[] 12 0014110 0013560  1.040860 B4 2027569 0ms2 -10.93305 | gqpe 0.94536 00132 6792748
a0[8] 13 0006130 0014560 0420890 B(L3) 01116 002619 426184 | o) ¢ 006081 002073 293342
a0[®] 20  -0.061270 0.031000 -1.976350 B(2.5) -0.0857 0.02533 -3.38087 Q[IE} f 0.03061 002086 102518
a0[10] 21 0009340 0014770  0.632530 B(L6) 006027 001936 38TBE | o ¢ 0.80747 004446 1816252
a0[l1] 22 0074460 0019310  3.836170 B(26) 017857 002336 -1.08003 | w4y ¢ 007647 012246 -0.62444
a0[12] 30 0035190 0013160  -2.674140 B(L7) -0.10934 00412 453263 |yl 0.12017 0.05385 1 882
00777 5550 -5.0007- BQ.T) 008699 002546  -3.41674 » P P X
al[13] 31 0077760 0.013530 _J.E]U'U'.-I-D 2 : . . V(L2) £ 008033 00582 A 53472
a0[14] 40 0097900 0017700  5.530400 B(L3) -0.04932 002081  -2.39682 ; AAS 1065
- o= vy f 040643 0.04963 8.18706
BR.Y) 013402 002352 -6.03628 - ; ;
o 1 WL f 0.46389 006336  7.32965
SNP-model Specification  T1F1£14000 B(1.9) -0.07901 002403 -3.28807 . _ N
e . 8 W £ 019548 0.04687  -4.17062
Schwarz (BIC) criterion: 258437 B(2.9) -0.02042 002467 -0.8276 | ol 02029 004856 4 17829
21nlike -3863.7069 B(1.10} -0.00438 002076 -0.22045 W(J:;} c D_DED;.Jf D-D'Q-P 1'01295
Largest eigenvalue of mean functionm  0.8066430 B(2.10) -0.11738 0.0251  -4.68487 @2 ' e :
Largest eigenvalue of variance functioo  0.9753410 B(L.11) -0.00832 0.02236 -0.38124
B(2.11) -0.04396 0.0251 -1.75105
B(1.12) -0.07347 0.02028 -3.62268
B(2.12) -0.07548 0.02289 -3.21028
BE(1.13) 0.03547 0.02534 2.3709
B(2.13) -0.10433 0.02314 -4.60529
B(1.14) -0.12123 0.01922 -6.30833
B(2.14) 0.01929 0.02336 0.82597

A BIC-optimal bivariate model for the mean and volatility (parametric) and hermite functions (higher order terms) to capture departures
from that parametric model.




Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis
Empirical Model Analysis

The bivariate SNP Model specification is (7,1f,1f,1,4,0,0,0): A conditional Scatter plot:

Bivariate Conditional Mean Spot vrs Wind-Change Prognosis Dynamics
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Empirical Model Analysis

The bivariate SNP Model specification is (7,1f,1f,1,4,0,0,0) properties (cont.): Leverage Effects and Bivariate Unconditional Densities

Bivariate Spot & Wind Bivariate Density

Leverage Effects from Spot Price and Wind Forecast Changes
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Empirical Model Analysis
The bivariate SNP Model specification is (7,1f,1f,1,4,0,0,0) properties (cont.): bivariate conditional density plots (matrix)

Wind Forecast Changes
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Impulse Response Analysis

There are NO wind mean responses from spot price changes (important for model acceptance)

One-Step Ahead Mean Wind Forecast Responses from Spot Price and Wind Forecast Impulses
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Impulse Response Analysis

There are NEGLECTIBLE wind variance responses from spot price changes; low wind suggests higher uncertainty around future wind

One-Step Ahead Wind Forecast Volatility Responses from Spot Price and Wind Forecast Impulses

800 4 800

&0 700

E[Var(y,.j|x.]

700 -
600

600
500

500 -

Variance Resp

400

400 4
300

300

200 w0 TTTTEEEET

200 4

ONE-STEP AHEAD VOLATILITY WIND FORECASTS

Wind Forecast M

100

w20

WIND FORECASTS IMPULSES 9 12 60

E0-100 @100-200 @200-300 300-400 @@400-500 @E500-600 M600-700 M@700-800




Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Impulse Response Analysis

NTNU

Step-Ahead Spot Price Mean Responses from Spot Price and Wind Forecast Change Impulses:

Multiple-Steps-Ahead System Price Mean Function Responses from Impulses dy=0; dW=all
30.0
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18.0 1 T e e E e e e e e E T

14.0 - .
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis
Impulse Response Analysis

Step-Ahead Spot Price Mean Responses from Spot Price and Wind Forecast Change Impulses:

One-Step Ahead Mean Spot Price Responses from Spot Price and Wind Forecast Impulses
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Impulse Response Analysis
Step-Ahead Spot Price Volatility Responses from Spot Price and Wind Forecast Change Impulses:

Multiple-Steps-Ahead Spot Price Variance Function Responses from Wind Forecast Change Impulses (dy=0; dW=all)
1,100 +

000 ——— e,
900
800

700

600

500

400

Spot Price Movements Variance Responses E[Var(y,.j|x;]|

300

e mm e m mm e m Em em o Em Em mh e Em Em e o Em e e e em e Em e Em m Em e e e e e o e e e e Em e e Em e o e = =

200

100 -

N N v Steps Ahead (/) S ™ o

dy-0;dw-1 dy-0;dw0

dy-0;dW-20 dy-0;dw-15 dy-0;dw-12 dy-0;dw-9 dy-0;dw-6 dy-0;dw-3
- = = dy-0;dwi - = = dy-0;dw3 - - = dy-0;dwb - = dy-0;dwd - = dy-0;dwi2 dy-0:dwis - = dy-0;dw20
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Impulse Response Analysis

S
~

Spot Price Movement Variance Responses E[Var(yy,j|x.i]

One-Step Ahead Volatility Spot Price Responses

One-Step Ahead Spot Price Volatility Responses from Spot Price and Wind Forecast Impulses
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Impulse Response Analysis

Step-Ahead Spot Price and Wind Forecast Co-variance Responses from Spot Price and Wind Forecast Change Impulses

Covariance Multi-Step-Ahead Responses from Wind Forecast Impulses (dy=0; dW=all)

-25.00

——
-
S e e e e e e o e e o e e o e e Em e Em e o Em e Em e e e e e e e e e = = e

-50.00

-75.00

-100.00

-125.00

-150.00

-175.00

-200.00

-225.00

-250.00

-275.00

-300.00

Spot Price and Wind Forecast Co-Variance Movement Responses [p(y,,j|x.,]

-325.00

-350.00

-375.00
© 4 v Steps-Ahead (j) i = °

dy-0;chw-1 dy-0;dw0

dy-0;dw-6 dy-0;dw-3

dy-0;dW-20 dy-0;dw-15 dy-0;chw-12 dy-0;cw-9
= = = dy-0;dw1 = = = dy-0;dw3 = = = dy-0;dwé = = = dy-0;dw9 = = = dy-0;dw12 dy-0;dw 15 = = = dy-0;dw20




Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Impulse Response Analysis

NTNU

Step-Ahead Spot Price and Wind Forecast Co-variance Responses from Spot Price and Wind Forecast Change Impulses

Covariance Multi-Step-Ahead Responses from Spot Price Impulses (dy=all; dW=-9%) Covariance Multi-Step-Ahead Responses from Spot Price Impulses (dy=all; dW=9%)
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Impulse Response Analysis

NTNU

One-step Ahead Spot Price Mean Response Forecasting from Spot Price and Wind Forecast Change Co-variance

Spot Price Mean Responses from Contemporaneous Price and Wind Forecast Change Co-variance.
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Impulse Response Analysis

NTNU

One-step Ahead Spot Price Volatility Response Forecasting from Spot Price and Wind Forecast Change Co-variance

Spot Price Variance Response from Contemporaneous Price and Wind Forecast Change Co-variance.
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Spot Electricity Prices and Wind Forecasts. Dynamic Impulse-Response Analysis

Stationarity and Electricity Market Price and Wind Forecast adjustments

Summary

> A bivariate impulse response analysis for the Baltic/Nordic Electricity system

» The time series analysis requires stationary series using calendar and trend adjustments for interpretations /validity
» A Semi-Non-Parametric model (mean, volatility and higher moments adjustments) is dynamically estimated (daily)
» One-step Ahead spot price and price — wind covariance analysis

» Dynamically sort spot price change and volatility over one-step-ahead covariance

» A methodology for one-step ahead spot, forward/futures and derivatives market positioning.

> Note, variance and co-variance are latent (non-observable). A model is therefore needed for explicit variance/co-variance measures for
dynamic market positioning.




