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Forecasting electricity demand in Iran: The approach
of state-space models and Markov regime switching

Abstract

Forecasting electricity demand is one of the most important issues of the
electrical energy system. Considering the structural changes in electricity
demand and the stylized facts of electricity consumption in different sectors
of demand, forecasting the amount of electricity demand will clarify the
prospects of changes in the Iran's electric energy system in the medium and
long term. By using new approaches, this prediction will have higher
reliability. In this research, using the state-space approach and combining it
with Markov regime switching, the main sources of uncertainties were
included in the model. By using the data of electric energy feed-in the
system to supply electricity demand and the average real price of electricity
and temperature and the number of customers in the ten-year period of
Y+ AY-Y.YY the parameters of the model were estimated based on the state-
space approach and Markov regime switching. State-space approach in the
form of time-varying parameters and Markov switching approach in the
form of variance fluctuations were included in the model. The results
showed that the model based on this integrated approach gives a more
accurate prediction than the classical model of electricity demand. The
standard error of the estimated equations is reduced to +,) (in the competing
model, the standard error of the corresponding equation is +,+Y¥, and in the
integrated approach, itis +,++Y for peak and -, + ¢ off-peak periods). While
this system has a serious challenge in providing electricity demand, the
sensitivity of electricity demand to the real price of electricity and
temperature changes is decreasing and the demand for marginal costumer is
increasing.

Keywords: forecasting electricity demand, state-space model.,
Markov regime switching, Time-Varying Parameter, uncertainty of
electricity demand.
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' Random walk
Y. Augmented Dickey-Fuller
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Null Hypothesis: DLE52 has a unit root
Exogenous: Constant
Lag Length: 2 (Automatic - based on SIC, maxlag=17)

t-Statistic Prob.”

Augmented Dickey-Fuller test statistic -6.086505 0.0000
Test critical values: 1% level -3.444158

5% level -2.867522

10% level -2.570019

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DLE52)

Method: Least Squares

Date: 02/09/24 Time: 13:13

Sample (adjusted): 56 521

Included observations: 466 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
DLES2(-1) -0.233806 0.038414 -6.086505 0.0000
D(DLE52(-1)) -0.181473 0.0488%6 -3.711418 0.0002
D(DLE52(-2)) -0.161150 0.045668 -3.528695 0.0005
C 0.009579 0.002252 4.253390 0.0000
R-squared 0.191299 Mean dependent var -4.60E-05
Adjusted R-squared 0.186048 S.D. dependent var 0.038560
S.E. of regression 0.034788 Akaike info criterion -3.870534
Sum squared resid 0.559119  Schwarz criterion -3.834962
Log likelihood 905.8345 Hannan-Quinn criter. -3.856534
F-statistic 36.42885 Durbin-Watson stat 1.987433

Prob(F-statistic) 0.000000
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Dependent Variable: DLE52
Method: ARMA Maximum Likelihood (OPG - BHHH)
Date: 02/09/24 Time: 12:54
Sample: 53 521
Included observations: 469
Convergence achieved after 26 iterations
Coefficient covariance computed using outer product of gradients
Variable Coefficient ~ Std. Error t-Statistic Prob.
c 0.040350 0.003455 11.67836 0.0000
AR(3) 0.162826 0.047961 3.394981 0.0007
AR(1) 0.637295 0.032307 19.72649 0.0000
AR(4) -0.066280 0.048873 -1.356170 0.1757
AR(B) 0.069304 0.037196 1.863209 0.0631
MA(52) -0.601970 0.032029 -18.79435 0.0000
SIGMASQ 0.000889 4.51E-05 19.70660 0.0000
R-squared 0.621539 Mean dependent var 0.040771
Adjusted R-squared 0.616624 S.D. dependent var 0.048505
S.E. of regression 0.030033 Akaike info criterion -4.106503
Sum squared resid 0.416711  Schwarz criterion -4.044554
Log likelihood 969.9749 Hannan-Quinn criter. -4.082128
F-statistic 126.4554  Durbin-Watson stat 2.023866
Prob(F-statistic) 0.000000
Inverted AR Roots .88 .41-.45i A41+.451  -.28-59i
-.28+.59i -.49
Inverted MA Roots .99 .98+.12i .98-.12i .96-.24i
96+.24i .93-.35i .93+.35i .88-.46i
88+ .46i .81+.56i .81-.56i 74+ 66i
.74-.66i B6+.74i .66-.74i 56+.81i
.56-.81i .46-.88i 46+.88i .35-.93i
35+.93j .24-.96i .24+ 96i .12-.98i
12+.98i -.00-.99  -.00+.99i -.12-.98i
-.12+.98i -.24-96i  -24+96i -.35-.93i
-.35+.93i -.46+.88i -46-.881  -.56-.81i
-.56+.81i -66-74i -.66+.74i -.74+.66i
-.74-.66i -.81+56i -.81-56i -.88+46i
-.88-.46i -.93+351  -.93-351 -.96+.24i
-.96-.24i -.98-12i -.98+.12i -.99
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V. Autocorrelation
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Date: 02/09/24 Time: 13:12

Sample: 1522

Included observations: 469

Q-siatistic probabilities adjusted for 5 ARMA terms

Autocorrelation  Partial Correlation AC PAC Q-Stat Prob

-0.013 -0.013 00783
0.024 0.024 03590
-0.008 -0.007 03881
0.004 0.003 03939
0.016 0.016 05144
0.006 0.006 0.5308 0.466
-0.067 -0.068 26985 0.259
-0.040 -0.042 34560 0327
0.083 0.086 67351 0.151
10 -0.004 -0.001 67424 0241
11 -0.069 -0.076 90613 0.170
12 0.013 0.016 9.1461 0.242
13 -0.009 -0.002 9.1820 0.327
14 0.022 0013 94163 0400
19 0.052 0048 10.750 0.377

| |
| |
| |
| |
| |
| |
|
|
il
|
|
|
|
|
|
il 16 0.073 0.088 13.364 0270
|
|
|
|
1]
|
|
|
|
|
|
|

W~ ;& Wk =

17 0.033 0.039 13.880 0.308
18 0.025 0.004 14.190 0.361
19 0.014 0.010 14282 0429
20 0.034 0.046 14.840 0.463
21 0.072 0.071 17.391 0.361
22 -0.002 0.000 17.393 0428
23 -0.003 0.007 17.398 0.496
24 0.011 0015 17458 0559
25 0.022 0.016 17.705 0.607
26 -0.098 -0.102 22519 0.370
27 -0.008 0.001 22352 0427
28 -0.039 -0.018 23318 0.442
29 0.125 0125 31.122 0.130
! 30 0.013 0.001 31.209 0.182
I 31 0.004 -0.002 31218 0220
| 32 -0.014 -0.010 31.324 0236
| 33 0.077 0059 34311 019
|

|

|

34 -0.007 -0.027 34335 0227
35 0.001 0.001 34336 0.268
36 -0.032 -0.027 34869 0.289
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V. Autoregressive conditional heteroskedasticity
Y. Total variance
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MAXIMIZE - Estimation by BFGS

Convergence in 1 Iterations. Final criterion was +,«+«r e v e <= v, 0ead s

LOW ITERATION COUNT ON BFGS MAY LEAD TO POOR ESTIMATES FOR
STANDARD ERRORS

Annual Data From Y1YY:+)Y To ¥YYY): )

Usable Observations §09

Skipped/Missing (from ©1Y) oY

Function Value NA

Variable Coeff Std Error T-Stat Signif
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