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Abstract: Iran is a windy country due to its proximity to the sea and having various plateaus.
The global statistics of the last 30 years indicate an increase in the world's energy needs.
Therefore, the optimal use of renewable energy sources, including wind energy for electricity
generation, especially based on environmental attitudes, is increasing in many countries of the
world. But due to the instability of wind energy, its use faces a challenge, which can be
effectively reduced by modeling wind speed volatilities. In this article, the weekly recorded
data of wind speed in Ardabil meteorological station during 1380-1395 are modeled using time
series GARCH models (including GARCH model and asymmetric GARCH models).
According to the information criteria of BIC, AIC, HQ, the best model for wind speed
volatilities in this station is the GARCH model. In this article, Box-Jenkins modeling method
with EViews and R software is used for data analysis.

Keywords: GARCH, Asymmetric GARCH, Autoregressive Moving Average, Wind
Speed.

1. Aim and Introduction

Today, the use of renewable energy, including wind energy, is increasing compared
to other energy sources in many countries of the world. With the development of
environmental attitudes, the use of wind energy can be a suitable choice due to the
lack of water and fuel, the provision of part of the electrical energy demands, the
absence of environmental pollution, etc. But one of the important problems in using
it in electricity production is the instability of this energy. Therefore, the integration
of wind energy with traditional power generation systems is a challenge. In windy
areas, the presence of accurate information on wind speed volatilities and its modeling
can effectively reduce this problem. GARCH models are also used in the analysis of
temporal data. With these models, the trend of temporal changes can be predicted and
in this way the results can be used to make decisions in various fields. For example,
to analyze the time data of wind speed, with these models it is possible to identify the
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pattern of changes in wind speed and make more accurate predictions in the wind
power plant for electricity generation. In this article, for the first time, we seek to
model wind speed volatilities in Ardabil city by examining GARCH models. Ardabil
city is one of the windy regions of Iran and is affected by local and frontal winds. This
city is also important because of the trend of increasing changes in wind speed, which
we have considered in this study and we use the recorded data of the average weekly
wind speed in Ardabil meteorological station in 2000-2015. Data modeling will be
done using time series patterns, GARCH models (including GARCH model and
asymmetric GARCH models) using Box-Jenkins method using Eviews and R
software.

2. Methodology

2.1 GARCH models

Engel [2] showed that the mean and variance of a series of data can be modeled
simultaneously. ARCH model is one of the suitable methods for modeling volatilities.
In this model, autocorrelation in volatilities is expressed by the conditional variance
of the error term. This model is ¢? = @, + a;¢”_, and it is called ARCH(1). In the
ARCH model, the conditional mean equation can be defined in any way.
The average equation can be an ARMA(1,1) model as y, = ay + a;y,_, + & + byg4
where ¢, is e,~N (0, 6%).
Balerslio [1] expanded the initial model presented by Engel and introduced the
GARCH model, which in the simplest form is o7 = a; + ay&;_; + B,07_, Which is
represented by GARCH(1,1) and the symmetric GARCH model is the same as the
variability (variance). In asymmetric GARCH maodels, the variability is not the same.
There are three types of them:
A) GJR-GARCH: the simplest asymmetric GARCH models with conditional variance
model are as follows [4,6]:

ot = ag + ajely + Boiy +yelgdi

where

d = {1 if & <0
t~ Lo otherwise

B) GARCH: in this model, the conditional variance according to [5] is

lee s -
log(e?) = ap + \/g;z—l“'ﬁl‘)g(af—l) +y gtzl
t-1 o7,

C) NGARCH: in this model, the conditional variance is defined as follows [3]:
2 2 2 2
oy =apta (‘gt—l -y 0:—1) + Boi_q

where v is the asymmetry coefficient.
3. Findings

In this article, wind speed volatilities in Ardabil city are considered and it is shown
that the GARCH model is suitable for these volatilities. Ardabil meteorological station
is of main synoptic type and was established in 1375. In this station, we have used the
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weekly average wind speed data from January 1380 to December 1395 in the amount
of 783 data available on the website of the Meteorological Organization and we use it
to investigate the behavior of the wind speed series. In the analysis of the data, the
condition of this series is checked first. After that, an ARMA model is determined for
the average equation of the series, and then the GARCH models introduced in section
2 are used to fit the variance of the series, and the best model will be selected based
on 3 information criteria, BIC, AIC, and HQ .

3.1 Examination of Stationary

In this part, we use the series diagram and the stationary time series test. According
to diagram 1, no special trend can be observed, so Ardabil meteorological station time
series is stationary. But for more certainty, the generalized Dickey-Fuller test of
significance is performed. Another problem that diagram 1 shows is the clustering of
volatilities in the series, this problem indicates the existence of the GARCH effect.
For the generalized Dickey-Fuller test, the value of the test statistic is equal to 14.934
with a P-value of 0.000, which is smaller than the value of 5%, so Ardabil
meteorological station time series is stationary.

12

10

T T T T T T T T T T T T T T
02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

Figure 1. Ardabil meteorological station time series
3.2 Average equation

In this part, the average equation model of Ardabil meteorological station time series
is presented. We use the Box-Jenkins method to select the series average model.
Figurer 2 is related to the acf and pacf charts of the series. Based on this diagram, 5
models AR(1), AR(2), AR(3), AR(4) and ARMA(1,1) were fitted to the data and the
results are shown in Table 1.

According to the results in Table 1, the coefficients of these models remained at the
level of 0.05 in the model (the P-value corresponding to the coefficients of the
numbers in parentheses is smaller than 0.05) for which we have checked the
appropriateness of the model and it has been determined all the models are suitable
and because all 3 information criteria BIC, AIC, HQ, for the ARMA (1,1) model has
a lower value than other models, so we have considered this model for the average of
the series. In the next step, to ensure the correctness of the diagnosis of the selected
ARMA (1,1) model, we will examine the residuals of this model using Liang-Box,
Jarque-Ber and Lagrange coefficients tests.

1 Hannan-Quinn
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Table 1. Models fitted to the average of Ardabil meteorological station time series

10 -0.015 -0.035 112.52 0.000
11 -0.031 -0.036 113.30 0.000
12 -0.029 -0.016 113.97 0.000
13 -0.067 -0.054 117.56 0.000
14 -0.095 -0.066 124.77 0.000
1 i 156 -0.057 -0.001 127.34 0.000

Figure 2. acf and pacf charts related to Ardabil meteorological station time series

Mean equation | AR(1) AR(2) AR(3) AR(4) ARMA(1,1)
3.768 3.771 3.773 3.774 3.775
ao (0.000) (0.000) (0.000) (0.000) (0.000)
0.234 0.200 0.187 0.182 0.778
ax (0.000) (0.000) (0.000) (0.000) (0.000)
a - 0.145 0.128 0.119 -
’ (0.000) (0.000) (0.000)
a - - 0.084 0.072 -
¢ (0.003) (0.014)
a - - - 0.07 -
¢ (0.036)
b - - - - -0.586
! (0.000)
BIC 3.646 3.633 3.635 3.639 3.623
AIC 3.628 3.609 3.605 3.603 3.599
HQ 3.635 3.619 3.616 3.617 3.608
Autocorrelation Partial Correlation AC PAC Q-Stat Prob
w | 1 0.230 0.230 41.662 0.000
w | 2 0.189 0.143 69.632 0.000
w ' 3 0.148 0.084 86.944 0.000
w | 4 0132 0.066 100.66 0.000
I il 5 0.084 0.015 106.21 0.000
I i 6 0.053 -0.003 108.44 0.000
I il 7 0.057 0.019 111.05 0.000
[ il 8 -0.002 -0.041 111.05 0.000
[ I 9 0040 0.030 11234 0.000
| I
| I
| I
0 1
O 1

S i 1= 1

a. Liang-Box test: We have used this test to check the presence or absence of
autocorrelation between the residuals of the model, and the significant probability
value of the test statistics (5Q) and (9Q) for delays 5 and 9, respectively, is 0.873 and
0.840 were obtained, which is more than 0.05, so there is no autocorrelation between
the residuals obtained from the estimation of the model

b. Jarque-Bera test: This test is used to check the distribution of model residuals.
The P-value for Jarek-Bera test statistic is equal to 0.000. Therefore, the assumption
of normal distribution of the residuals is rejected, which means there are Garch effects
in the model

J. Lagrange coefficients test: Lagrange coefficients test is used to check the
assumption of heterogeneity of variance of the residuals or the existence of GARCH
effects. The P-value for two statistics, F and LM, are both less than 0.05 and equal to
0.000, so the null hypothesis of homogeneity of variance of residuals is rejected and
the existence of GARCH effects (heterogeneity of variance of residuals) is concluded.
Therefore, the variance of the residuals follows the GARCH model, so we have
examined various types of GARCH models.

3.3 Variance equation

In this section, the results of the Ardabil meteorological station time series variance
model are presented.
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For this purpose, we have fitted GARCH, EGARCH, NGARCH, and GJR-GARCH
models to the variance of the series, and among them, the best model is selected based
on 3 information criteria, BIC, AIC, and HQ. Meanwhile, in all these GARCH models,
the average equation is the ARMA (1,1) model, which according to the results of
Table 1 is as follows:
¥, =3775+0.778y,_, + & + 0.586¢,_;

The results of GARCH models are presented in Table 2, which consists of two parts:
mean equation and variance equation for each model, and in the two parts of the mean
and variance equation, including the relevant coefficients and P-value (the numbers
in parentheses) correspond to those coefficients. In the GARCH model, all
coefficients in the mean equation and the variance equation remain at the level of 0.05
in the model (the P-value corresponding to those coefficients is smaller than 0.05). In
the EGARCH model, none of the coefficients of the model are removed at the 0.05
level in the average equation, but for the variance equation, as coefficient is removed
from this model. and this model is not suitable. In the NGARCH model, in the mean
equation and the variance equation, all the coefficients remain at the 0.05 level in the
model, so it is a suitable model. For the GJR model, only the y coefficient at the 0.05
level is removed from the model so this model is symmetric. In all the models in Table
2, the P-value in the Liang-Box test at lags 5 and 9 is greater than 0.05, which means
that there is no autocorrelation between the rest of these models. In the LM test, the
probability value in all models is greater than 0.05, so there is no heterogeneity of
variance in the rest of the fitted GARCH models. Based on the 3 criteria of information
BIC, AIC, HQ model GARCH (1,1) is better than other models because it has the
lowest value of these criteria compared to other models.

Table 2. The result of fitting GARCH models to the variance of Ardabil
meteorological station time series

Mean GJR(L1) | NGARCH(1,1) | EGARCH(L1) | GARCH(1,1)
equatlon
2.6374 3.6654 3.6522 3.6679
o (0.000) (0.000) (0.000) (0.000)
0.6532 0.6516 0.6424 0.6563
a, (0.000) (0.000) (0.000) (0.000)
b -0.4409 -0.4437 -0.4405 -0.4478
1 (0.000) (0.000) (0.000) (0.000)
Variance equation
B 0.1696 0.1840 0.0890- 0.1938
0 (0.000) (0.000) (0.000) (0.000)
B 0.2083 0.2483 0.0025- 0.2474
1 (0.000) (0.000) (0/9448) (0.000)
0.6964 0.6916 0.8756 0.6837
B (0.000) (0.000) (0.000) (0.000)
0.0950 1.7813 0.4288 -
4 (0.2108) (0.000) (0.000)
BIC 3.5279 3.5295 3.5222 3.5214
AIC 3.5117 3.5135 3.5135 3.5010
HQ 3.5131 3.5139 3.5127 3.5013
6) 1.1108 1.2038 1.6758 1.0905
) (0.9999) (0.9928) €
1.8006 1.8815 2.5523 1.7248
Q(9) (0.9914) (0.9890) (0.9466) (0.9933)
LM 0.2609 0.2463 0.6125 0.2051
(0.6095) (0.6197) (0.4338) (0.6506)

According to the results of Table 2, the variance equation is as follows:

02 = 0.1938 + 0.2474¢2_, + 0.683707_,
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Therefore, the appropriate model in Ardabil station is the symmetric GARCH model,
that is, the wind speed volatilities are symmetric.

4, Discussion and Conclusion

In this article, in order to model wind speed volatilities in Ardabil city, we have
examined various types of GARCH models, including symmetric and asymmetric
GARCH. Based on the weekly average wind speed data (783 data) from January 1380
to December 1395 in this meteorological station, modeling of the desired series has
been done. According to the information criteria of BIC, AIC, HQ, the equation of
time series average is the ARMA (1,1) model. After this result, the residuals of this
model are examined using Liang-Box, Jarek-Ber and Lagrange coefficients tests. The
test of Lagrange coefficients is related to checking the equality of variance of the
residuals in the ARMA (1,1) model, and according to the result of this test, the
assumption of the equality of the variance of the residuals for the average model of
the Ardabil series is rejected. So we have fitted the GARCH models to the variance
of the residuals. The results of the GARCH models are presented in Table 2, which
consists of two parts (mean equation and the variance equation) for each model. Then,
the LM test was performed for the residuals of the GARCH models in Table 2, and
the result was obtained that according to this test, the variance of the residuals is equal
therefore there is no need to fit models to the residuals. According to these results,
wind speed changes in this city are symmetrical and it is important due to the
increasing trend of wind speed changes. This result is beneficial for the use of wind
energy in natural and industrial processes in this region and strengthens the social and
economic structure because, as a clean renewable energy, the use of these resources
will be used in the coming decades to control carbon emissions, control environmental
pollution, etc. it is necessary to use these energy sources instead of fossil sources,
especially in the production of cheap and clean electricity. In Ardabil province, the
use of wind power plants to produce electricity has been increasing for nearly a
decade. In this type of power plant, it is very important to pay attention to the wind
speed because the electric power produced from it is affected by the changes in the
wind speed. In this way, statistical modeling of this topic is used to predict wind
speed.
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