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1. Introduction

Indian Energy Exchange and Power Exchange India Limited are the two energy/
power exchanges which are currently functional in India and are regulated un-
der the provisions made in Power Market Regulations 2010 issued by the Central
Electricity Regulatory Commission. Very akin to electricity industry restructur-
ing by enactment of Energy Policy Act 1992 and following it up by Federal
Energy Regulatory Commission Order 888 in USA, in India, the Indian Electric-
ity Act 2003 has cemented way for electricity industry restructuring particularly
promoting competition in generation, distribution and power trading and ably
ushered by power market regulations. Electricity as a commodity being man-

made is unrivaled since it is beyond the bounds of possibility to be stored cost-
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effectively due to its physical properties as well as meeting the demand which
usually tends to illustrate strong seasonality [1] [2]. Previously vertically inte-
grated electric utilities in most of the countries have now been deregulated into
competitive markets with introduction of private players and competition [3] [4]
emancipating power market participants with additional options to choose from
(5] [6] [7].

Day-ahead spot electricity operates all 24 hours, 365 days of a year typically
consisting of 24 hourly auctions taking place simultaneously one day in advance
[8]. Spot electricity prices are further more volatile than any other commodity
and are known for extreme price volatility [9]-[15]. Electricity price series exhi-
bit certain stylized facts namely Seasonality, Mean Reversion, Volatility and
Jumps/Spikes [2] [6] [8] [10] [11] [16]. Being a case, it makes it extremely rele-
vant for modeling spot electricity prices having lead time of few hours/days. To
the best of our knowledge, this is one of the few studies in literature to explore
Inverse-Leverage effect of Indian spot electricity prices using ARIMA-EGARCH
Model. When inverse leverage effect exists, positive shocks have a tendency to
increase volatility further than negative shocks. There is an extensive agreement
that spot electricity prices demonstrate inverse leverage effect [10] [17]. It would
be interesting to investigate whether different regions of Indian electricity mar-
ket also exhibit Inverse-Leverage effect.

North-eastern region and eastern region grids were interconnected for power
transmission in October 1991. Western region and eastern region-north eastern
region were interconnected for power transmission in March 2003. Northern re-
gion and eastern regional grids were interconnected for power transmission in
August 2006, thereby forming the central grid operating at one single frequency.
Southern region was connected to Central Grid for power transmission on 31%
December 2013, thereby achieving “One Nation-One Grid-One Frequency”.
Other studies in literature by Ghosh and Kanjilal [18], Girish and Tiwari [19]
and Girish [2] focused on forecasting Indian spot electricity prices using data at
a time when different regions of Indian electricity market were not intercon-
nected. With growing number of power market participants/open access con-
sumers whose numbers have surpassed 3530 in Indian Energy Exchange, the re-
sults of our study are proposed to help these power market participants strategi-
cally plan their exposure in day-ahead Indian spot electricity market. The rest of
the paper is structured as follows: Section 2 discusses the data and econometric
model used in our study. Section 3 presents the empirical findings and we con-

clude our study in section 4.

2. Data and Econometric Model

Market clearing spot electricity price in a power exchange having two-sided auc-
tion is given by the “intersection of total demand curve and the total supply
curve, for a given particular hour, for each region of the electricity market” [3]
[6] [8]. In this study we use hourly spot electricity price data given by Indian
Energy Exchange from January 1% 2014 to 31" December 2015 accounting for
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730 days and 17,520 hourly spot prices for each of the five regions of Indian
electricity market.

The benchmark model in literature for capturing mean-reversion is simple
first order autoregressive model (AR (1)) as given in Equation (2.1) [20] which is
nothing but discredited adaptation of Ohrstein-Uhlenbeck process [21].

po=a+pAp.+n ~NID(0,07) (2.1)

An extension to this simple AR (1) model is autoregressive moving average
{ARMA (p, @)} model as given in Equation (2.2) in which present value of spot
price is expressed linearly in terms of its historic values (autoregressive compo-
nent) and also in terms of historic values of the noise (moving average compo-

nent).
¢(B) P :6(8)€t (2.2)

where, Bis the backward shift operator z.e. B"p, = p,,
¢(B) is the shorthand notation for ¢(B)=1-#B—---—¢ B", 9(B) isthe
shorthand notation for 6(B)=1+6B+---+6,B".

#-4,> 66, arethe coefficients of autoregressive and moving average
polynomials &, is independent and identically distributed noise with zero
mean and finite variance.

When differencing or seasonal differencing is rendered for making spot price
series stationary, autoregressive integrated moving average model (ARIMA (p, d,
q)) or Seasonal ARIMA model is considered as given in Equation (2.3).

pt:at+zp:®ipt_i+i9jgt_j+gt, 5t~NID(O,0'f) (2.3)
= =1

Linear ARMA models assume constant variance and covariance function Ze.
Homoskedasticity. However if non-linear dynamics are present in spot price se-
ries, Autoregressive Conditional heteroskedasticity models of Engle [22] capitu-
late better results. GARCH volatility model overtly models time-varying volatili-
ty process of Engle [23] as given in Equation (2.4). In GARCH, only magnitude

of lagged residuals can influence conditional variance but not the direction.
ol =w+ae, + Bol, (2.4)

With a+f<1, >0, 20 and @>0 where the ARCH factor, a
quantifies the size of the effect and the GARCH factor, S, captures the extent of
volatility which is persistent.

A high a would be a sign that market participants will exhibit blown up reac-
tion for any kind of preceding price errors in a way such that expected volatility
will turn out to be unstable [2] [10]. However, if the positive and negative shocks
have varied impact on volatility, then, an asymmetric GARCH specification ie.
EGARCH is preferable [2] [16] as given in Equation (2.5).

log(c? )=+ " a :_+ > [‘%—Zk}z‘;l B;log(o?,) (2.5)
t-i

Otk

where o+ <1, >0, 20 and >0, where log of conditional variance
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|Og(0'tz) suggests that asymmetric effect is exponential in nature and also that
forecasts of conditional variance is expected to be non-negative [16]. The asym-
metry in EGARCH model is captured by y,. When inverse leverage effect ex-
ists, positive shocks have a tendency to increase volatility further than negative
shocks. There is an extensive agreement that spot electricity prices demonstrate

inverse leverage effect [10] [17].

3. Empirical Findings

Spot Electricity price series for each of the five regions of Indian electricity mar-
ket is tested for existence of a unit root using standard tests'. First difference is
rendered to spot price series and conditional mean equation is estimated by uti-
lizing autocorrelation function (ACF), partial autocorrelation function (PACF)
and the Correlogram which aided us in model calibration. Null hypothesis of ‘no
conditional heteroskedasticity’ is investigated using ARCH-LM test.

Suitability of calibrated model for each region is arrived based on lowest SIC
and on the basis of diagnostic checks of PACF, ACF, residuals and Ljung-Box
Q-test statistics. The estimation results of the conditional mean equation and
conditional variance equation for ARIMA-EGARCH (1, 1) is presented in Table

1 and Table 2. We find leverage effect in east, north and southern region with

Table 1. Estimation results of conditional mean equation.

East North North east South West
C —-0.00072 —-0.00059 -0.00129 0.0044 —-0.00116
(0.0013) (0.00023)** (0.0010) (0.0035) (0.00129)

AR (1) —-0.4687 -0.5539 —1.2889 0.1539 0.1378
(0.0524)* (0.0247)* (0.0661)* (0.1333) (0.2756)

AR (2) -0.1029 0.1632 -0.07725 0.2604
(0.062)*** (0.0309)* (0.1191) (0.2317)

AR (3) 0.684 0.7468 0.5128 -0.2952
(0.0520)* (0.0256)* (0.0662)* (0.1553)**

MA (1) 0.2555 0.3753 1.0787 —0.4544 -0.4414
(0.0290)* (0.0067)* (0.0766)* (—3.940)* (0.2766)

MA (2) —0.1343 -0.3723 —0.4646 —-0.4203
(0.0344)* (0.0060)* (0.0819)* (0.2267)**

MA (3) -0.9294 -0.9798 -1.0298 0.3042
(0.0287)* (0.0072)* (0.0417)* (0.2453)

MA (4) -0.1781 -0.1992
(0.0593)* (0.0743)*

AIC -1.128 -1.264 -1.322 -0.966 —1.3435
SIC —-1.055 -1.191 —1.243 -0.92 -1.2638

R? 0.1373 0.1174 0.2167 0.1008 0.1256

Adj R? 0.1296 0.1096 0.2085 0.0981 0.1165

*Note: Standard errors have been reported in parenthesis. Significance is denoted by * for 1% level, ** for
5% level and *** for 10% level.

"We used ADF test, PP test, KPSS test and Narayan and Popp (2010) test for investigating presence
of unit root. For the purpose of brevity the results have not been reported. Study by Vijayalakshmi ez
al,, 2017 [14] exclusively presents the results of Stationarity for similar data period. Study by Girish
et al., 2018 focuses exclusively on Spot electricity price discovery in Indian electricity market.
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Table 2. Estimation results of conditional variance equation.

East North North east South West

ARCH (a) 0.1843 0.5489 0.3123 0.2776 0.1716
(0.0628)  (0.0812) (0.0464) (0.0335)  (0.0374)

Asymmetry () -0.2388 -0.0729 0.0994 -0.033 0.04
(0.0368)  (0.0540) (0.0362) (0.0314)  (0.0256)

GARCH (p) 0.1614 0.4851 0.8518 0.8642 0.9642
(0.1092)  (0.0877) (0.0391) (0.0140)  (0.0119)

*Note: Standard errors have been reported in parenthesis.

asymmetry term y negative and inverse-leverage effect with asymmetry term y

positive for west and north-eastern region at 1% significance level.

4. Concluding Remarks

Electricity as a commodity being man-made is unrivaled since it is beyond the
bounds of possibility to be stored cost-effectively. In this study, we modeled In-
dian spot electricity price using ARIMA-EGARCH model (1, 1) by using spot
electricity price data given by Indian Energy Exchange. Conditional mean and
conditional variance equations were estimated. We found leverage effect in east,
north and southern regions and inverse-leverage effect for west and north-east-
ern regions of Indian electricity market. The results of the study provide crucial
insights for 3530+ power market participants/open access consumers in Indian
Energy Exchange to strategically plan their exposure in day-ahead Indian spot
electricity market.
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