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FORECASTING STOCK MARKET
PRICES USING MIXED ARIMA

MODEL: A CASE STUDY OF INDIAN

PHARMACEUTICAL COMPANIES

Abstract

Many investors in order to predict stock prices use various techniques like fundamen-
tal analysis and technical analysis and sometimes rely on the discussions provided by
various stock market analysts. ARIMA is a part of time-series analysis under predic-
tion algorithms, and this paper attempts to predict the share prices of selected phar-
maceutical companies in India, listed under NIFTY100, using the ARIMA model. A
sample size of 782 time-series observations from January 1, 2017 to December 31,2019
for each selected pharmaceutical firm has been considered to frame the ARIMA model.
ADF test is used to verify whether the data are stationary or not. For ARIMA model
estimation, significant spikes in the correlogram of ACF and PACF have been observed,
and many models have been framed taking different AR and MA terms for each se-
lected company. After that, 5 best models have been selected, and necessary inculca-
tion of various AR and MA terms has been made to adjust the models and choose the
best adjusted ARIMA model for each firm based on Volatility, adjusted R-squared, and
Akaike Information Criterion. The results could be used to analyze the stock prices and
their prediction in-depth in future research efforts.

Keywords Akaike Information Criterion, augmented Dickey-Fuller
test, prediction, risk, investment, India
JEL Classification C22, C53, E27

INTRODUCTION

The general attitude of the society towards the share market is that it is
enormously risky for investment or not suitable for trade. Even though
there is the involvement of risk in the stock market, many people are
interested in investment. The significant factor for any investor is to
maximize the yields on their investments and achieve this element,
and the investors always try to predict or forecast the stock prices.
Many sound investors use various techniques like fundamental anal-
ysis and technical analysis to forecast stock prices. Still, on the other
hand, many investors rely on the discussions or suggestions given by
various stock market analysts and financial analysts. Some financial
analysts and investors use these fundamental or technical analyses
and prediction algorithms and functions to predict future share pric-
es and their performance.

The prediction algorithms and functions include time series analysis.
The time series analysis is considered an appropriate tool to predict the
trend. However, the major limitation of the trend chart is sometimes
it might not reflect or predict the variations or steady flow of the mar-
ket. “The investors are very much interested to know the past trend or
flow, seasonal growth, or variations of the stock” (Faisal, 2012; Igbal &
Mallikarjunappa, 2009). “A general view or expectation is that it must
give a holistic view of the stock market. As it is essential to identify a
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model to show the trend with adequate information for the investor to decide.” Davi et al. (2013) recom-
mend that “ARIMA is an algorithmic approach to transform the series is better than forecasting directly,
and it gives more accurate results.” Moreover, Wadia et al. (2011) confirmed that “ARIMA model has a
fixed structure and is specifically built for time series (sequential) data.” Its forecasts are usually more
accurate and reliable as it is a univariate model and hence cannot exploit the leading indicators or ex-
planatory variables.

The study is based on applying the ARIMA model to forecast the share prices of pharmaceutical com-
panies in India. Among all the developing countries, the Indian pharmaceutical industry is one of the
biggest and the most sophisticated and plays a pivotal role in the economic development of India. “Being
a very intense knowledge-based industry, it offers innumerable business opportunities for investors
worldwide. Indian pharmaceutical exports account for export to more than 200 countries around the
world” (Kumar et al., 2020). Moreover, as per the report of the Indian Brand Equity Foundation, the
low cost of production and increasing research and development has led to competitive pharma exports
from exports reached US$ 17.15 billion in FY2019. The annual turnover of pharmaceutical products be-
stows to about US$ 20 billion. The pharmaceutical industry of the country is expected to rise at a CAGR
of 22.4% over 2015-2020 to reach US$ 55 billion. The sector was valued at US$ 33 billion in the previous
year. The industry is the third-largest in terms of volume in India. It has been a topmost player in the
segment of health care in an epoch of aging populations, increasing health care costs, and the perpetual
development of novel and extremely beneficial drugs.

Hence, the investment in securities and shares of pharmaceutical companies appears to be cost-effective.
When it comes to the infusion of money in publicly traded pharmaceutical companies, investors should
closely examine these companies when they reach clinical trials. Clinical trials are always a make-or-
break chance for firms, and their products - successful outcomes could lead to significant profits in the
market. Moreover, “in the recent past, the mutual fund houses aligned their products to invest in the
pharma sector. The sector, which has seen a huge decline in the last couple of years, is now a darling
for the mutual fund houses. Recently, Mirae Assets and ICICI Prudential announced new thematic
schemes keenly focused on maximizing profits from the pharma sector stocks” (Desai, 2018). Hence,
this study attempts to frame models to forecast the share prices of selected pharmaceutical companies,
which are under NIFTY 100, using a mixed Auto-Regressive Integrated Moving Average (ARIMA).

1. LITERATURE REVIEW

ferent neural classifier functions like Least Mean
Square, Multilayer Perceptron, Pace Regression,

There are many kinds of research works in the area
of forecasting using time series analysis. Some of
the important tasks are mentioned here. A study
deals with the implication of support vector ma-
chines (SVMs) regression, a novel neural net-
work technique, in predicting the share price to
examine the feasibility of SVM regression in pre-
dicting stock price. A data set related to Shanghai
Stock Exchange in China has been used to test
the validity of SVMs regression. The experiment
depicts SVMs regression as a valuable method
in forecasting the stock price (Bao et al., 2004;
Pinto et al., 2020; Kumar et al., 2020). Again, a
study focused on forecasting the price of Infosys
Technologies, taking into consideration the pre-
vious open, close, high, and low price using dif-
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Linear Regression, Gaussian Processes, Simple
Linear Regression, Isotonic Regression, and SMO
Regression (Sureshkumar & Elango, 2011; Meher
et al.,, 2020). Besides, a study examines the rela-
tive predictive power of ARIMA, VAR, and ECM
models in predicting inflation in Nigeria. In doing
this, a domestic Consumer Price Index (CPI) was
lumped into the headline (all-item). Annual data
from 1970 to 2010 were used. The study examines
the performance of the forecasting ability of the
models. It was observed that different models per-
formed well in different periods. While ARIMA is
useful as a benchmark model, VAR for short-term
forecasting and ECM are suitable for long-run
forecasting (Uko & Nkoro, 2012; Bolar et al., 2017).
Furthermore, in a study, the authors reviewed some
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of the approaches, which could be used for a stock
market forecast like Hidden Markov Model, Non-
linear Regression Analysis, Naive Bayes Classifier,
Artificial Neural Networks, Decision Trees
Classifier, Support Vector Machines, Random
Forest Method, PCA (Principal Component
Analysis), WB-CNN (Word Embeddings Input
and Convolutional Neural Network predic-
tion model) and CNN (Convolutional Neural
Network) and finally concluded that neural net-
work showed better results compared to other
methods (Sharma & Kaushik, 2018). A study of
10 selected pharmaceutical companies of India,
listed in BSE and NSE, was performed with the
help of fundamental analysis using the ratio anal-
ysis technique (Igbal & Mallikarjunappa, 2009,
2010; Panigrahi, Sharma, & Dhande, 2018). A
study considered New York Stock Exchange and
NASDAQ Stock Exchange. The research proposed
the ARIMA model for ascertaining the value of
future share prices. ARIMA revealed better fore-
casting results as it can handle the time series data
very well, which is suitable for forecasting the fu-
ture share index (Igbal & Mallikarjunappa, 2011;
Chi & Subramanian, 2019). Again a study focused
on forecasting the gold price in Malaysia with the
help of ARIMA with symmetric GARCH-type
models if there exists heteroscedasticity (Yaziz
et al., 2019). The researches done earlier were not
enough to provide an appropriate model to pre-
dict the stock prices of pharmaceutical companies
of India through ARIMA; hence, this study is an
attempt to fill this research gap.

2. METHODS

The study is analytical. The data used in this study
are from secondary sources. The secondary data
involves the daily closing prices of shares of phar-
maceutical companieslisted in NIFTY 100 of India.
The secondary data related to daily closing prices of
stocks ranging from January 1, 2017 to December
31, 2019 have been downloaded from Yahoo
Finance. Wherever required, an attempt has been
made to make the unbalanced data into balanced
data, i.e., five days a week. There are nine pharma-
ceutical companies in India, listed under NIFTY
100, namely Sun Pharmaceutical Industries Ltd.,
Divi’s Laboratories Ltd., Dr. Reddy’s Laboratories
Ltd., Aurobindo Pharma Ltd., Biocon Ltd., Cadila
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Healthcare Ltd., Cipla Ltd., Lupin Ltd., and
Piramal Enterprises Ltd. The top three pharma-
ceutical companies based on market capitalization
have been selected for modeling and analysis, i.e.,
Sun Pharmaceutical Industries Ltd., Lupin Ltd.,
and Dr. Reddy’s Laboratories. The total sample
size is 2,346, i.e., three companies of 782 obser-
vations each. A required number of differencing
has been done to make the data stationary, and an
augmented Dickey-Fuller test has been utilized to
check the stationarity of the data. Autoregressive
Integrated Moving Average (ARIMA) has been
used to formulate the model for each company for
the forecasting share price. A correlogram of ACF
and PACF would be plotted to determine the dif-
ferent AR and MA terms. After formulating the
models, the models have been utilized to predict
the share prices from October 1, 2019 to December
31, 2019. The awareness regarding the growth of
the pharma industry to the investors is need-
ed. The output of the study could give a potential
model for each pharmaceutical company of India
selected for this study. Through this study, the
share price of selected pharmaceutical companies
could be predicted, which could help the scholars
and researchers go through proper research to de-
velop best fitted predicted models in the future
as well. Moreover, this could also assist investors
with a basic knowledge of algorithms to run the
developed models to predict the price of selected
pharmaceutical companies.

3. RESULTS AND DISCUSSION

Auto-Regressive Integrated Moving Average
(ARIMA) model is a generalization of an
Autoregressive Moving Average (ARMA) model.
An ARMA model expresses the conditional mean
of Y, as a function of both past observations Y, ,,
Y ,, thp and past innovations, &, |, &y The
number of past observations that ¥, depends on,
D, is the AR degree. The number of past innova-

tions that ¥, depends on, ¢, is the MA degree.

In general, these models are denoted by ARMA (p,
q)- The form of the ARMA (p, q) model is

K=a+@z4+@24+m+@xw+

+&,+ P, g, +..+ ¢qg,7q,

@
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Table 1. The results of the best 5 ARIMA models out of 100 models for Sun Pharmaceutical Industries

Ltd.
AIC (Akaike Schwarz Volatility Adjusted
ARIMA (p, d, ; . - : - i R-squared :
(p, d, q) ¢ Information Criterion) |  criterion (SIGMASQ) : q : R-squared
1A (24, : 7466761 . 74%063 1011789 '
1A (4 7467272 o 7491142 | 1012417
ARIMA (35, 1, 47) 746308 . 749295 1014247
ARIMA (47,1, 131) e FABTIIR 7431864 i ......1011849 .
ARIMA (131, 1, 47) 7467841 7.491711 101.1739 ¢ 0.031193 0.027453
. ¢ 1 .
where o - constant term, /..., - AR - by taking I* difference. By analyzing the correlo-

non-seasonal autoregressive (AR) coeflicients, @
- MA - Nonseasonal Moving Average (MA) coef-
ficients, ¥_,...Y,_ . non-seasonal AR lags cor-
responding to non-zero, &,_, €y - MA lags -
lags corresponding to non-zero, non-seasonal MA
coefficients, D - degree of non-seasonal differ-
encing, D (if D has value 0 meaning no non-sea-

sonal integration).

To determine the range of AR and MA degree by
examining and comparing the significant spikes
in the correlogram of Autocorrelation Function
(ACF) and Partial Autocorrelation Function
(PACF) of daily closing prices. To determine the
five effective ARIMA (p, d, q) model by com-
paring the models with the help of AIC, adjust-
ed R-squared, and significant coefficients were
used. To adjust the selected models by inculcat-
ing or eliminating more AR and MA terms to de-
velop a best mixed ARIMA model having high R
squared with significant coefficients. The rule of
thumb to select better models from the list of de-
veloped models with different AR and MA terms
is the models with lesser Akaike Information
Criterion (AIC), Schwarz criterion, and Volatility,
i.e., SIGMASQ, and with higher R-squared and
adjusted R-squared are better. This ARIMA model
has been applied in 3 pharmaceutical companies
of India, the procedure and results of which are
mentioned further.

The closing price of a share of Sun Pharmaceutical
Industries Ltd., ranging from January 1, 2017 to
December 31, 2019, has been differentiated once
to make the data stationary. The closing price da-
ta stationarity has been examined with the assis-
tance of a unit root test named augmented Dickey-
Fuller test with the inclusion of the test equation
as Intercept, Trend, and Intercept and None. The
correlogram of ACF and PACF has been framed
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gram, it has been found that the spikes in ACF and
PACEF are significant at 3, 9, 13, 15, 17, 18, 24, 35,
47, and 131 lags. Considering these lags, 100 mod-
els have been framed by taking different AR and
MA terms. These 100 models have been compared,
and 5 best models have been selected, the results
of which are given in Table 1. All the models that
have been selected have a significant coefficient as
the significance values of AR and MA terms are
less than 0.05.

Table 1 represents the best five selected ARIMA
models of Sun Pharmaceutical Industries Ltd. It
can be observed that in all the selected models, the
value of d is 1, which means that the closing prices
have become stationary only by differencing once.
By comparing these five best models, the ARIMA
(24, 1, 47) has the least AIC and Schwarz criterion
followed by ARIMA (47, 1, 24) followed by ARIMA
(131, 1, 47). The ARIMA (131, 1, 47) has the least
volatility with the lowest SIGMASQ and has the
highest R-squared and adjusted R-squared. There
is also a possibility that some residuals have not
been considered in the above models, due to which
the R-squared and adjusted R-squared is still less.
Hence, it is necessary to check the residual diag-
nostic. For this, again, the correlogram of Q sta-
tistics has been plotted, and by observing the sig-
nificant spikes, different AR and MA terms have
been inculcated and experimented with adjusting
the above five models to achieve higher R-squared
and adjusted R-squared. The results of the best five
adjusted ARIM A models are mentioned in Table 2.

Table 2 represents the AIC, Schwarz criterion,
Volatility with SIGMASQ, R-squared, and adjust-
ed R-squared of best five adjusted ARIMA models
with different AR and MA terms. The models that
have been selected above are having a significant
coefficient as the significance value is less than
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Table 2. Results of the best 4 adjusted ARIMA models for Sun Pharmaceutical Industries Ltd.

ARIMA with different AR AIC (Akaike Information : Schwarz Volatility -, d% Adjusted
and MA terms : Criterion) ¢ criterion (SIGMASQ) a :  R-squared

AR (9, 18, 47, 61, 79)
MA(3,24131) e Jreoma L roels | Somm oo
AR (13, 35, 47, 194)
MAR4 3L LASnaON Sssmea A Mot B
AR (9, 13, 24, 35, 194)
MA@z A e eeeass oA doeemes
/:ARA(%;'j;‘)' 35,61, 131, 194) 7.442778 7.502452 96.81995 0.072885 |  0.062063

0.05. By comparing the values of AIC, Schwarz
criterion, and SIGMASQ, it can be said that the
ARIMA with AR 9, 13, 24, 35, 194 and MA with
47, 131 terms, has the least AIC, Schwarz criteri-
on, and SIGMASQ. Moreover, the same ARIMA
model has the highest R-squared and adjusted
R-squared. Hence, this model would be appropri-
ate for predicting share price. The result of the se-
lected model is mentioned in Table 3.

The mentioned above is the result of the select-
ed model for predicting the share price of Sun
Pharmaceuticals. It can be observed that the
values of the coefficient are significant, but the
R and adjusted R-squared are less. With the help
of the values of different AR and MA terms

and constant term, the following model can be
framed:

D(Y,)=-0.245651+0.062704Y, , +
+0.088239Y_, —0.098491Y,_,, —
~0.090551Y,_,, —0.097406Y,_,, +
+0.158197¢, ,, +—0.115884¢,,,.

With the help of the above model, the stock
prices for the last three months, i.e., October 1,
2019 to December 31, 2019, have been predicted.
Then the actual price and the predicted price
have been plotted in the forecasting section to
check whether the model can predict the price
properly or not.

Table 3. Result of the selected model for Sun Pharmaceutical Industries Ltd.

Dependent variable: D(CLOSING_PRICE_SUNF)
Method: least squares

Date: 02/25/20 Time: 15:07

Sample: 1/03/2017 - 12/31/2019

Included observations: 781

Convergence achieved after 13 iterations

Coefficient covariance computed using the outer product of gradients

Variable Coefficient Std. Error t-statistic :
C —0.245651 ¢ 0350233 ¢ -0701393
i . 0062%@:4 7
AR(13) o 0.088239 ..0034887 o
AR (24) —0.098491 0.036820
AR (35) . ~0.090551 .0036673 | 2460141
AR (194) —0.097406 0.031965 -3.047220
WA (47) . 0.158197 ...0033848 . 4673810
MA3) o 70115884 ....0.038279 | ¢ ...73:027322
SIGMASQ 96.86233 3.116799 31.07750
e 0072479 Aottt e Nt et
Adjusted R-squared 0.062868 >.D. dependentvar 1022572
S.E. of regression 9.899068 Akaike info criterion 7.441396
Sum squared resid . 75649.48 Schwarzcriterion 7495103
Log-likelihood —2896.865 Hannan-Quinncriteria 7462051 .
Fstatistic i ..]:540814 Durbin-Watsonstat 1892796 ...
Prob(F-statistic) 0.000000
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Table 4. Results of the best 5 ARIMA models out of 81 models for Lupin Ltd.

. AIC (Akaike Information |  Schwarz Volatilit i Adjusted
ARIMA (p, d, q) : : Criterion) . criterion (SIGMAS(‘;) R-squared R-s;uared
ARIMA (22, 1, 98) 8.363473 L...8387342 2481767 . . 0015311 © 0011509
ARIMA (29, 1, 115) 8.359694 : 8.383564 246.9387 020223 0.01644
ARIMA (98, 1, 22) 8363273 8387143 248117 015547 0011746
ARIMA (102, 1, 115) 8361372 . 8385242 2473055 1 0. 018767 0.014979
ARIMA (115, 1, 102) 8.361278 8.385147 247.2737 0.018893 0.015105

Similarly, the closing price of a share of Lupin Ltd.,
ranging from January 1, 2017 to December 31,
2019, has been differentiated once to make the da-
ta stationary. The stationarity of the data has been
checked with the help of a unit root test named
augmented Dickey-Fuller test with the inclu-
sion of the test equation as Intercept, Trend, and
Intercept and None. The correlogram of ACF and
PACEF has been plotted by taking 1* difference. By
analyzing the correlogram, it has been found that
the spikes in ACF and PACF are significant at 1, 6,
22,24, 29, 98, 102, 115, and 170 lags. By consider-
ing these lags, 81 models have been framed by tak-
ing different AR and MA terms. These 81 models
have been compared, and 5 best models have been
selected, the results of which are given in Table 4.

Table 4 represents the best five selected ARIMA
models of Lupin Ltd. It can be observed that in
all the selected models, the value of d is 1, which
means that the closing prices have become sta-
tionary only by differencing once. By comparing
these five best models, the ARIMA (29, 1, 115) has
the least AIC and Schwarz criterion, followed by
ARIMA (115, 1, 102) followed by ARIMA (102, 1,
115). Again, the model ARIMA (29, 1, 115) has the
least volatility with the lowest SIGMASQ and has
the highest R-squared and adjusted R-squared.
Hence, ARIMA (29, 1, 115) could be considered
the best model. However, there is also a possibility

that some residuals have not yet been considered
in the above models, due to which the R-squared
and adjusted R-squared are still less. Hence, it is
necessary to check the residual diagnostic. For
this, again, the correlogram of Q statistics has
been plotted, and by observing the significant
spikes, different AR and MA terms have been
inculcated and experimented with adjusting the
above five models to achieve higher R and adjust-
ed R-squared. The results of the best five adjusted
ARIMA models are mentioned in Table 5.

Table 5 represents the AIC, Schwarz criterion,
Volatility with SIGMASQ, R-squared, and adjust-
ed R-squared of best five adjusted ARIMA models
with different AR and MA terms. The models that
have been selected above are having a significant
coefficient as the significance value is less than
0.05. By comparing the values of AIC, Schwarz
criterion, and SIGMASQ, it can be said that the
ARIMA with AR 22, 29, 155, and MA with 98, 115
terms has the least AIC, Schwarz criterion, and
SIGMASQ. Moreover, the same ARIMA model
has the highest R-squared and adjusted R-squared.
Hence, this model would be appropriate for pre-
dicting the share price of Lupin Ltd. The result of
the selected model is mentioned in Table 6.

Table 6 mentioned is the result of the select-
ed model for predicting the share price of Sun

Table 5. Results of the best 5 adjusted ARIMA models for Lupin Ltd.

ARIMA with different AR AIC (Akail.(e Ir.lformation Sc'hw?rz Volatility R-squared Adjusted
and MA terms Criterion) i criterion (SIGMASQ) : :  R-squared
oo s
N T
WA B3y s omsws  oomes  0oua0r
N T . s ases  oomom  ooesus
ﬁ/lRA((zfézl)ls) 8.357919 8.387757 245.7358 0.024995 0.019969
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Table 6. Result of the selected model for Lupin Ltd.

Dependent variable: D(CLOSING_PRICE_LUPI)
Method: least squares
Sample: 1/03/2017 — 12/31/2019
Included observations: 781
Convergence achieved after 18 iterations
Coefficient covariance computed using the outer product of gradients

Variable Coefficient Std. Error t-statistic
,,,,,,,,,,,,,,,, -0.913487 0496158 L.Tlsannzs
—0.087667 0.041734 —2.100628
e .....0.084947 0.040117 217
,,,,,,,,,,,,,,,, ~0.080189 0.034454 LT23za1 202
0.085273 0.043207 1.973582 .
e .....0.124606 0.043480 L..T2BESESS 00043
241.5426 6.739731 35.83861
e ....D041633  Mean dependent var e 0448
"""""""" 0.034204 S.D. dependent var 1588580
15.61176 Akaike info criterion 8.347890
e ...1886447  Schwarz criterion ..B389662
"""""""" 73252'.‘%‘51 Hannan-Quinn criteria L 8363955
5.603931 Durbin-Watson stat 1.847017
Prob(F-statistic) . OOOOOlO I

Pharmaceuticals. It can be observed that the val-
ues of the coeflicient are significant, but the R and
adjusted R-squared are less. With the help of the
values of different AR and MA terms and constant
term, the following model can be framed:

D(Y,)=-0.913487-0.087667Y, ,, -
~0.084947Y_,, —0.080189Y_,.. +
+0.085273¢, 4, —0.124606¢, ...

With the help of the above model, the stock prices
for the last three months, i.e., from October 1, 2019
to December 31, 2019, have been predicted. Then
the actual price and the predicted price have been
plotted in the forecasting section to check whether
the model can predict the price properly or not.

Similarly, the closing price of a share of Dr.
Reddy’s Laboratories ranging from January 1, 2017
to December 31, 2019 has been differentiated once

to make the data stationary. The stationarity of the
data has been checked with the help of a unit root
test named augmented Dickey-Fuller test with the
inclusion of the test equation as Intercept, Trend,
and Intercept and None. The correlogram of ACF
and PACF has been plotted by taking 1* difference.
By analyzing the correlogram, it has been found
that the spikes in ACF and PACF are significant
at 6, 7, 8, 24, 35, 39, 53, 99, 102, 144, 172, and 198
lags. Considering these lags, 144 models have been
framed by taking different AR and MA terms.
These 144 models have been compared, and 5 best
models have been selected, the results of which are
included in Table 7.

Table 7 represents the best five selected ARIMA
models of Dr. Reddy’s Laboratories. It can be ob-
served that in all the selected models, the value of
d is 1, which means that the closing prices have
become stationary only by differencing once. By
comparing these five best models, the ARIMA (24,

Table 7. Results of best 5 ARIMA models out of 144 models for Dr. Reddy’s Laboratories

i AIC (Akaike Information | Schwarz Volatilit i Adjusted
ARIMA (p, d, q) : ( Criterion) . criterion (SIGMASZI) iR-squared R-s;uared
ARIMA (24, 1, 144) 10.25701 10.28088 1647.706 . 0.019745 :  0.01596
ARIMA (144, 1, 99) . 1025876 1028263 . 1648589 | 001922 0015433
ARIMA (99, 1, 144) 10.25817 10.28204 1647.362 0.01995 0.016166
ARIMA (144, 1, 24) . 1025732 1028119 . 1648066 | 0019531 0015745
ARIMA (144, 1, 198) 10.26027 10.28414 1649.037 ¢ 0.018953 0.015166
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Table 8. Results of best 5 adjusted ARIMA models for Dr. Reddy’s Laboratories

ARIMA with different AR AIC (Akaike Information . Schwarz Volatility R-sauare d% Adjusted
and MA terms : Criterion) . criterion (SIGMASQ) q : R-squared

AR (24, 35, 151)
A (39,99, 144, 151) 10,2409 loasms ) oom oo | oo
AR (24, 35, 151)
WA (33,99, 144, 151, 164) o Sttt Rathmal Taansotl BRI
AR (24, 35, 144, 151)
A (39,99, 151, 164) 1023708 oaser T oo Do
AR (24, 35, 99, 144, 164)
WA (6,39, 158) 10z lozses L TEeR L Doems | DoeeE
AR (24, 35, 99, 144) 10.23227 10.29194 1571.879 0.064856 0.05394

MA (6, 39, 164, 198)

1, 144) has the least AIC and Schwarz criterion, fol-
lowed by ARIMA (144, 1, 24), followed by ARIMA
(99, 1, 144). The ARIMA (99, 1, 144) has the least
volatility with the lowest SIGMASQ and has the
highest R-squared and adjusted R-squared. Again,
there is also a possibility that some residuals have
not yet been considered in the above models, due
to which the R-squared and adjusted R-squared
are still less. Hence, it is necessary to check the re-
sidual diagnostic. For this, again, the correlogram
of Q statistics has been plotted, and by observing
the significant spikes of ACF and PACF, different
AR and MA terms have been inculcated and ex-
perimented with adjusting the above five models

to improve R and adjusted R-squared. The results
of the best five adjusted ARIMA models are men-
tioned in Table 8.

Table 8 represents the AIC, Schwarz criterion,
Volatility with SIGMASQ, R-squared and adjust-
ed R-squared of best five adjusted ARIMA models
with different AR and MA terms. The models that
have been selected above are having a significant
coefficient as the significance value is less than
0.05. By comparing the values of AIC, Schwarz
criterion, and SIGMASQ, it can be said that the
ARIMA with AR 24, 35, 99, and 144 and MA
with 6, 39, 164, and 198 terms has the least AIC,

Table 9. Result of the selected model for Dr. Reddy’s Laboratories

Dependent variable: D(CLOSINGPRICE_DRED)
Method: least squares

Sample: 1/03/2017 - 12/31/2019

Included observations: 781

Convergence achieved after 25 iterations

Coefficient covariance computed using the outer product of gradients

Variable Coefficient Std. Error t-statistic Prob.
c * -0430753 ¢ 1.104142 -0.390124
AR (24) —-0.090775 0.037453 —2.423679
AR(99) . . 0083474 0037946 2199784 ..00281
AR(144) -0.080736 & 0.041019 -1.968265 ... 0.0494
AR (35) —0.083815 0.034932 —2.399393 0.0167
MA(SE) . 0.110289 .......0.045107 2445059 ..00147
MA®) Z0.073170 .o 0.037050 72136841 00828
MA(39) -0.087180 i 0.032261 —2.702299 .0.0070
MA(164) 0.1'9‘0931 """ 0.046527 2‘,169284”
SIGMASQ 1571.879 61.16674 25.69826
Rsquared . 0.064856  Mean dependent var R 0267413
Adjusted R-squared 0.053940 S.D. dependent var _41.02500
S.E. of regression 39.90321 Akaike info criterion 10.23227
sum squared resid . 1227637, Schwarz crterion 1029104
Log-likelihood —3985.700 Hannan-Quinn criteria 10.25522
F-statistc 5.941368 Durbin-Watson stat 1958696
Prob(F-statistic) 0.000000
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Schwarz criterion, and SIGMASQ, moreover, the
same ARIMA model has highest R-squared and
adjusted R-squared. Hence, this model would be
appropriate for predicting the share price of Dr.
Reddy’s Laboratories. The result of the selected
model is mentioned in Table 9.

It can be observed from Table 9 that the values of
the coefficient are significant, but the R and ad-
justed R-squared are less. With the help of the val-
ues of different AR and MA terms and constant
term, the following model can be framed:

D(Y,)=-0.430753~0.090775Y, ,, -
~0.083815Y_,, —0.083474Y,_,, —
~0.080736Y,_,,, —0.079170¢, , —
~0.087180¢, ., +0.100931¢, ., +
+0.110289¢, ;.

With the help of the above model, the stock
prices for the last three months, i.e., October 1,
2019 to December 31, 2019, have been predicted.
Then the actual price and the predicted price

have been plotted in the forecasting section to
check whether the model can predict the price
properly or not.

Forecasting of stock prices of selected companies

With the help of the above models developed for
each selected company under this study, the share
prices have been predicted from October 1, 2019
to December 31, 2019. The forecasted prices and
the actual prices are represented in the table given
in Appendix A.

The values mentioned in that table have been used,
and line graphs of Sun Pharmaceutical Industries
Ltd., Lupin Ltd., and Dr. Reddy’s Laboratories
from October 1, 2019 to December 31, 2019 have
been plotted, which are mentioned in Figure 1.

The line graphs mentioned in Figure 1 show the
actual and predicted price. As the deviations be-
tween the actual share price line and predicted
share price line are closer, the models can be con-
sidered reliable.

460 820
; Lupin Ltd.
450 Sun Ph;.armacqucaI 800- p
Industries Ltd
440 780
430
7604
420
7404
4101
400- 7201
3901 700+
380 6801
370 T T T T TT T T T T T T T T 660 T T T T TT T T T T T T T T
7 14 21 28 4 11 18 25 2 9 16 23 30 7 14 21 28 4 11 18 25 2 9 16 23 3
M10 M11 M12 M10 M11 M12
— Actual Price — Forecasted Price — Actual Price  — Forecasted Price
3,000
Dr. Reddy Laboratories
2,900
2,800
2,700
2,600
2,500 T T T T TT T T T T T T T T
7 1421 28 4 11 18 25 2 9 16 23 3 Figure 1. Line graphs of actual
M10 M11 M12 .
and forecasted price from October 1, 2019
— Actual Price — Forecasted Price to December 31, 2019
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CONCLUSION

It can be observed that different AR and MA terms need to be included in the models to make the mod-
el more representative. The prediction of share prices of Sun Pharmaceuticals and Lupin Ltd. seems
reliable as the deviations between the actual share price and the forecasted share price of the last three
months of the study, i.e., from October 1, 2019 to December 31, 2019, is less. However, so far as the
predicted share price of Dr. Reddy Laboratories is concerned, slightly more deviations can be found
between the actual and predicted share price, which implies that the model developed for Dr. Reddy
Laboratories is less reliable to predict the approximate price of the share on a certain date. In the over-
all study, the models selected for each firm have significant co-efficient, but so far as R-squared values
are concerned, the values are less than the desired. There is also a possibility of dropping the constant
or drift to increase the value of R-squared and adjusted R-squared to improve the model. The ACF and
PACF have been plotted up to 200 lags, i.e., only one-fourth of the total observations. Many more sig-
nificant lags might be there if the number of lags increased to one-third. Still, if more significant delays
would be considered, then it is necessary to formulate and experiment with more models, which are
time-consuming and cumbersome processes. Even after the R and adjusted R-squared are less in every
model, the deviations between the actual values of share and forecasted shares are less, which implies
that with the above three mixed ARIMA models, the price can be approximately predicted for the re-
spective companies considered in the study. Moreover, the prices of all pharmaceutical companies are
fluctuating. Still, if those prices can be predicted with the help of the models, then investment can be
made on pharmaceutical companies of India, and profit can be earned even in the short term. There
is also a possibility that the ARIMA models could be formulated by taking fewer periods, which may
result in a more reliable model with higher R and adjusted R-squared. Formulating mixed ARIMA
models by taking different periods and comparing them by observing AIC, Schwarz criterion, Volatility
(SIGMASQ), R and adjusted R-squared and selecting a best-fitted model is the area for the future study.
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APPENDIX A

Table Al. Actual and forecasted prices of Sun Pharmaceutical Industries Ltd., Lupin Ltd. and Dr.
Reddy’s Laboratories from October 1, 2019 to December 31, 2019

Investment Management and Financial Innovations, Volume 18, Issue 1, 2021

Sun Pharmaceuticals Lupin Ltd. Dr. Reddy Laboratories
MM/DD/YEAR Actual price Pred_lcted Act_ual Predicted price Actual price Pred'lcted
‘ price price price
10/01/2019 386.549988 386.9631 703.099976 :  710.0867 2689.350098 2709.163
384.9125 700.8380
382.9:%68 7019341
390.2636 | 696.9438
384.0914 684.9523
379.9:%13 6662121
378.9204 . 666.5035
3834512 | 690.950012 @ 677.8391
384.4038  701.650024 i 691.9342
388.3382
395.5:9:17
398.2319
401.8214
395.0:5:17
400.6499
402.9:2:71
407.1"1‘19
402.8990
408.7:538
416.0691
420.2553
419.6:2:96
430.8921
435.6230
4420%51
439.3374
428.9?82
428.5809
439.6006
422.6?92
423.8821
4207912
415.4"8‘25
410.4001 35.3108
4165:2:93 """" 741.1748
422.3990 """" 743.4958
427.1397 744.9974
445.0476 75.5906
4458039 772400024 i 770.5203
4503957  © 781700012 : 774.5878
459.2"6‘39 """" 775.7867
447.7"(']‘18 """"788.8435
455.4809 804.349976 i 788.3817
458.5936 """" 804.8473
448.5920 794.2559
437.3284 | 786.049988 @ 789.3396
432.7'7‘11 """" 783.6221
4435603 | 779.650024 i 791.6104
12/06/2019 428.600006 438.0687 761.849976 778.7119 2890.800049 2881.666
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Table A1l (cont.). Actual and forecasted prices of Sun Pharmaceutical Industries Ltd., Lupin Ltd. and
Dr. Reddy’s Laboratories from October 1, 2019 to December 31, 2019

MM/DD/YEAR

Sun Pharmaceuticals

Lupin Ltd.

Dr. Reddy Laboratories

Actual price

Predicted
price

Actual
price

Predicted price

Actual price

Predicted
price

12/09/2019

12/31/2019

431.0635

755.950012

760.1565

427.5426

762.1870

425.9348

749.7892

430.9636

432.3350

440.0159

436.4935

428.4282

437.6187

4311171

431.0725

427.1755

428.2074

426.9992

422.1544

427.6038

432.549988

431.8068

763.450012

766.4556

2908.75

2874.550049

2896.728

2883.886

o4
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