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ABSTRACT: This paper examines the
heterogenous effect of oil price volatility on
Indian sectoral stock returns for the period
January 2011 to September 2022 using the
quantile regression method, which helps us
to analyse the impact in bearish, normal,
and bullish periods. The results show that
total and sectoral stock returns are nega-
tively affected by oil price fluctuations and
the negative effect is stronger during the
bearish period. In the normal and bullish
periods, oil price volatility does not affect
stock returns greatly. The interest rate and
exchange rate changes have a stronger ef-
fect on sectoral returns in the bearish pe-
riod in the pharmaceutical, healthcare,
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banking and finance, IT, fast-moving
consumer goods (FMCG), and consumer
durables sectors. The study shows that the
impact of oil price volatility on sectoral
returns is less than the impact of interest
rate and exchange rate changes. The study
also shows that oil price volatility directly
impacts market portfolio returns initially,
which subsequently spills over to sectoral
returns, which implies that sectoral returns
are impacted by oil price volatility through
an indirect channel.
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1. INTRODUCTION

Crude oil is an important resource for all countries across the world. As countries
develop, urbanise and modernise, the demand for this black gold rises. The
irregularity of crude oil prices might affect business cash flow as crude oil is a
major input used in production and can affect stock exchange growth (Belhassine
& Karamti, 2021). Fluctuations in crude oil prices have a significant impact on
stock market returns since they adversely affect discount factors and future cash
flows of firms (Youssef & Mokni, 2019).

Theoretically, this relationship is justified by the fact that asset prices are
evaluated using the current discounted value of future dividends and earnings.
The links between stocks and oil prices can be attributed to changes in expected
cash flows or discount rates. Expected cash flows can be affected by oil prices, as
oil is a crucial input in most firms' production process and leads to changes in
costs, affecting earnings and dividends and, hence, stock prices. On the other
hand, discount rates comprise an expected inflation and a real interest rate
component. Higher oil prices may lead to overestimation of the expected inflation
and thus higher nominal interest rates; and since discount rates are negatively
related to stock prices, increases in interest rates depress stock prices.

Like oil price changes, the crude oil market's unpredictability also affects
economic and financial structures and influences stock returns (Nath et. al, 2014).
However, most of the research has used crude oil and stock prices measured by
historical price series. Now, instead, there is a fresh perspective to explore the
relationships between the oil price volatility and the stock market by using the oil
volatility index (OVX). The crucial reason for this is that the OVX derived from
market options contains both historical and future volatility information, and is
thus regarded as a direct and more accurate measure of uncertainty in the oil
market (Xiao et.al, 2018). Oil price volatility quantifies the degree of uncertainty
associated with fluctuations in oil prices within the market. High volatility is
indicative of significant price fluctuations, which pose challenges for both oil-
exporting and oil-importing nations. Increased uncertainty in oil prices escalates
the costs involved in managing this critical resource, thereby adversely impacting
economic stability and planning (Choi & Hong, 2020). Therefore, it is essential
to investigate the oil market and stock returns from the perspective of ambiguity.
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Uncertainty in the oil price might reduce investment, production, and aggregate
outputs (Bloom, 2009).

There exist a large number of studies that highlight the relationship between oil
prices and economic activities. Since the stock market is considered the
barometer of an economy, most of the studies have focused on oil prices and the
stock market as a whole. The use of aggregate stock returns may not be
appropriate to analyse the underlying dynamics of the relationship between oil
prices and stock returns across sectors due to cross-correlations (Arouri et al.,
2012; Smyth & Narayan, 2018). Aggregate indices may mask the heterogeneity at
the sector level. Therefore, using sectoral indices allows us to better understand
the transmission channels of oil market shocks to the stock market (Ahmadi et
al,, 2016).

Oil price volatility may have a differential impact on sectoral stock returns
depending on whether they are from oil-intensive or non-oil-intensive sectors.

1) Oil-intensive sectors: Sectors that are highly dependent on oil as a key input,
such as energy and transportation companies, might be more directly
impacted by oil price volatility. When oil prices rise, the costs of production
and transportation increase, which can lead to lower profits and stock prices.
On the other hand, when oil prices fall, these companies tend to benefit from
lower input costs, which can boost profits and stock prices.

ii) Non-oil-intensive sectors: Sectors that are less dependent on oil as a key
input, such as technology and healthcare firms, might be less directly
impacted by oil price volatility. However, they can still be affected indirectly
through higher transportation costs, increased inflation, and changes in
consumer spending. Higher oil prices can lead to increased production and
transportation costs, which can lead to reduced profitability and lower stock
prices for non-oil-intensive companies.

This paper focuses on the heterogenous impacts of oil price uncertainty measured
by the OVX on Indian sectoral stock returns under different market conditions
by using the quantile regression method to observe the dependence under
bearish, normal, and bullish market conditions. There is a paucity of studies that
investigate the relationship between oil price uncertainty and the Indian stock
market, especially from the perspective of oil price volatility. As India is a net oil
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importing country, the study and the understanding of the effects of oil price
volatility (i.e. a measure of ambiguity) on sectoral stock returns is indeed crucial.
In this regard, this study contributes to the existing literature.

The main findings of the study are: Oil price volatility negatively affects Indian
sectoral returns at all quantiles and is stronger at the lowest quantiles. In normal
and bullish periods, the relationship is more or less stable in most of the sectors.
Furthermore, interest rate and exchange rate changes also affect sectoral returns
at all quantiles. However, the impact of interest and exchange rate changes on
sectoral returns is greater than the impact of oil price volatility.

The remainder of the study is organised as follows. The following section provides
a review of literature. Section 3 explains the data and methodology. Section 4
deals with a discussion of the results, and the final section provides our
conclusion and discussion.

2. LITERATURE REVIEW

2.1. Studies based on the link between oil prices and stock markets

The foundational work of Hamilton (1983) established a critical link between oil
prices and economic activity, suggesting that fluctuations in oil prices could
precipitate economic recessions. This early research laid the groundwork for
subsequent studies exploring the dynamic relationship between oil prices and
stock markets. Later studies on the effects of oil prices on stock markets by Brown
and Otsuki (1990), Ferson and Harvey (1995), Kaneko and Lee (1995), and Jones
and Kaul (1996) reported negative effects. Malik and Ewing (2009), conducting
an early study focusing on six US sectoral stock market indices, found that oil
price volatility positively affects sectoral stock market volatility, although this
effect was not observed in the financial and industrial sectors. Vo (2011)
examined the relationship between the S&P 500 index and West Texas
Intermediate (WTTI) crude oil price volatilities from 1999 to 2008, discovering a
mutual interdependence between the two. This was corroborated by Mensi et.al
(2013) who found positive bidirectional effects between S&P500 and WTI
volatilities, although the same did not hold for Brent crude oil. Numerous studies
have been conducted on the potential links between crude oil prices and stock
(Filis et al., 2011; Jammazi et al., 2017, Maghyereh et al., 2019). Degiannakis et al.
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(2018) gives a comprehensive review of the research papers dealing with the
relationship between the oil price and the stock market. The review indicates that
the causal effects between oil and stock markets are heavily influenced by whether
the research utilises aggregate stock market indices, sectoral indices, or firm-level
data, as well as whether the stock markets are situated in net oil-importing or net
oil-exporting countries. Furthermore, the conclusions vary based on whether
studies examine symmetric or asymmetric changes in oil prices, or whether they
focus on unexpected changes in oil prices. Ultimately, the review finds that most
studies demonstrate that oil price volatility transmits to stock market volatility
and that incorporating measures of stock market performance enhances the
forecasts of oil prices and oil price volatility.

Most of the papers examine return spillovers or return volatilities, and the
evidence implies that rising crude oil prices could impact the world economy.
Sadorsky’s (1999) results from a vector autoregression show that oil prices and oil
price volatility both affect real stock returns. There is evidence that oil price
changes explain a larger portion of the forecast error variance in real stock returns
than changes in interest rates, and oil price volatility shocks have asymmetric
effects on the economy. Basher and Sadorsky (2006), using a multi-factor model
that allows for both unconditional and conditional risk factors, investigated the
relationship between oil price risk and emerging stock market returns and found
strong evidence that oil price risk impacts stock price returns in emerging
markets. Nandha and Faff (2008) analyse 35 DataStream global industry indices
to study the extent to which oil price shocks affect stock market returns. Their
results show that oil price rises negatively impact equity returns for all sectors
except mining and oil and gas industries. These results are consistent with
economic theory. Kilian and Park (2009) document that oil price changes have
different impacts on equity returns, depending on the source (demand vs. supply)
of the structural shock. Kilian (2009) proposes a structural vector autoregression
approach to disentangle oil price shocks into demand and supply shocks at
monthly frequency. The extent of volatility transmission between the oil and
stock markets in Europe and the US at the sector level is examined by Arouri et
al. (2012). They found that those industries which make use of oil and oil-related
products as their inputs or output are affected more by oil price volatilities. The
general notion is that oil price changes matter to some industries but not all.
Sreenu (2022) examines the asymmetric effects of ambiguity shockwaves by
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applying the positive (+) and negative (-) fluctuations of the crude oil price
volatility index and also measures whether the reform of 2012 stimulated the oil
price volatility index and stock market relationship. The results indicate that the
changes in the oil price volatility index mostly confirm the significant adverse
effects on the aggregate and various economic sectoral stock returns and also
show that the information content of the crude price oil volatility index improves
the volatility forecasts for stock market returns. Joo and Park (2021) investigate
the effects of oil price volatility on the stock market returns of ten major oil-
importing countries. They make use of both quantile regression and quantile-on-
quantile regression approaches and find that oil price uncertainty has an
asymmetrical effect on stock returns and this asymmetric behaviour depends on
the level of stock returns and also on oil market conditions.

2.2. Studies based on various methodologies

A wide range of literature uses different methodologies to understand the
relationship between oil prices and stock market returns. Arouri and Rault (2012)
analyse the long-run relationship between oil prices and stock markets in the Gulf
Cooperation Council (GCC) using recent bootstrap panel cointegration
techniques and seemingly unrelated regression (SUR) methods and find that oil
price increases have a positive impact on stock prices, except in Saudi Arabia.
Gogineni (2010) investigates the impact of oil price changes on the stock returns
of industries by classifying them into oil- intensive and non-oil-intensive groups
and concludes that sensitivity of industries’ returns to oil price changes depends
on oil on both the cost-side and demand-side dependence and that the relative
effects of these factors vary across industries. Broadstock et al. (2014) attempt to
decompose the impact of oil price shocks on stock returns into two channels of
effects: direct and indirect. A rise in oil prices increases the operational costs of
the firms belonging to some industries, which results in lower profit and low stock
prices. This relates to the effect through the direct channel, whereas the indirect
channel arises through the impact on systematic risk. Jammazi et al. (2017)
investigate the presence of time-varying causal interdependencies between
shocks in oil prices and stock returns for oil-importing countries (including
Spain). They combine wavelet analysis and a new version of the dynamic causality
test of Lu et al. (2014) and find a significant bidirectional oil and stock market
causal relation over various periods for all nations. Zhang (2017) makes use of the
methodology of measuring connectedness developed by Diebold and Yilmaz
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(2014) to study the association between oil shocks and returns at six major stock
markets around the world and come up with the finding that the contribution of
oil shocks to the world financial system is limited and only significant shocks
matter. Using the spillover index approach developed by Diebold and Yilmaz
(2009, 2012, 2014, 2015) and the dynamic correlation coefficient model
developed by Engle (2002), Antonakakis et al. (2018) investigate the volatility
spillovers and co-movements among oil prices and stock prices of major oil and
gas corporations in order to identify the transmission mechanisms of volatility
shocks. Wei et al. (2019) study the connectedness between crude oil prices and
the China stock market by applying a nonlinear threshold cointegration method
within a multivariate framework. The results show that the long-term
relationships between them shift significantly across different market regimes
and have seen substantial improvement in recent years due to changes in China's
refined oil pricing mechanism and exchange rate system.. Umar et al. (2021)
examines both the static and dynamic linkages between risk, demand, and supply
shocks in oil prices and the performance of equity indices in Spain, covering the
period from January 2000 to July 2019.They used Ready's (2018) methodology for
disentangling the oil price shocks and Diebold and Yilmaz's (2014) approach for
analysing the connectedness between the disentangled oil shocks and the sector
equity returns. They document differences over time and between sectors, mainly
during the recent global financial crisis and the European sovereign debt crisis.
Overall, financials, telecommunications, industrials and utilities are the most
influential sectors. Chowdhury & Irfan (2022) examine the connectedness
between the sectors in the Indian stock market for the period January 2011
through December 2020 making use of a TVP-VAR-based connectedness
approach which shows that nearly 84% of the forecast error variance throughout
the entire study period may be attributed to cross-sectional shocks within the
network of Indian stock market sectors. Thus, shocks only explain 16% of the
total variability, indicating strong overall sectoral reliance. The results suggest
that cyclical stocks are the net transmitters of shocks and noncyclical stocks the
net receivers.

There are a few studies on oil-importing countries which analyse the influence of

oil price uncertainty on stock returns (Maghyereh et al., 2019; Silvapulle et al.,
2017).
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The aforementioned studies analyse the connection between the oil and stock
markets using some linear models and/or conditional mean specifications, such
as vector autoregression. Although the conditional mean specification offers
some insightful information on the linear relationship, it might fall short in
explaining several significant elements of oil and stock price trends. These models
contain only the average relationship between oil and stock prices and do not
capture the distributional heterogeneity. Such models or specifications do not
consider such market conditions as the boom or bust of oil and stock markets.
Unfortunately, the underlying relationship at lower and higher quantiles of data
cannot be captured by these conditional mean-based time series models. When
the distribution of the time series under study is skewed and leptokurtic, it is
difficult to find some noteworthy correlations between different quantiles of the
time series variables. In order to give a more thorough examination of the
connection between oil price volatility and Indian sectoral stock returns, it is
imperative to use an appropriate methodology that captures the entire
dependence structure of oil and stock market returns. To accommodate this
aspect, this study makes use of a quantile regression method which considers the
entire conditional distribution of the dependent variable and offers an alternative
approach to analyse the potential heterogeneity (and capture the asymmetric
nature) in the data.

3. MATERIAL AND METHODS

The study makes use of Chicago Board Options Exchange (CBOE) crude oil price
volatility index (OVX) data and Indian sectoral returns data from the automobile,
consumer durables, realty, metal, pharmaceutical, IT, healthcare, fast-moving
consumer goods (FMCG), and finance and banking sectors and total aggregate
index Nifty 50 data from the National Stock Exchange of India database. Daily
stock returns data and daily sectoral returns data are used in the study. The period
considered is from January 2011 to September 2022. The daily call money interest
rate and exchange rate (with respect to the dollar) data are taken from the Reserve
Bank of India database.

3.1. Quantile regression approach

The quantile regression model is used to explore the dependence between oil
price volatility and sectoral stock returns in India. Quantile regression is an
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extension of standard regression, providing a complete picture of a conditional
distribution. Only focusing on mean effects may lead to inaccurate estimation of
relevant coefficients or omission of important relationships (Binder & Coad,
2011). The quantile regression estimator is less sensitive to the presence of outlier
observations, skewness, and heterogeneity of the response variable (Koenker &
Hallock, 2001). Quantile regression was first introduced by Koenker and Bassett
(1978). This method assumes that the value of €; conditional on the regressors in
the 7-th quantile is zero. Then, the conditional quantile model of y; given x; is
specified as follows:

Qy,(7lx) = a(?) + x{f(D), (1

where 0 < 7 < 1, Q,,(7]|x) denotes the 7-th conditional quantile of y;, £ (7) is the
estimated parameter in the equation, and a presents the unobserved effect. x
includes variables assumed to affect the dependent variable. The coefficients of
the 7-th quantile of the the conditional distribution are estimated as:

B = arg min XL pe(y: = x':f(D) — a(@), (2)

where p;(u) = u(t — I(u < 0)) is the check function and I(.) is an indicator
function (in this case, u = y; — x"; (1) — a(7r) ).

The stock market usually has diverse market conditions. It oscillates between
bearish, normal, and bullish periods. Therefore, policymakers and stockholders
are interested in understanding in detail how the crude oil price unpredictability
impacts stock market returns under diverse market circumstances in order to
devise appropriate investment and risk management strategies. In such a
scenario, the quantile regression technique proposed by Koenker and Bassett
(1978) could be an appropriate estimation procedure to capture the impact of
independent variables on the different conditional distributions of the dependent
variable. Also, compared to the ordinary least square (OLS) regression, the
quantile regression can produce more precise results since it is less susceptible to
outlier observations, skewness of the distribution, and heterogeneity of the
dependent variable (Koenker & Hallock, 2001).
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A functional understanding of the correlation between oil prices and stock
returns necessitates an accurate analysis of extreme tail event risk and its time-
varying impact on the market. Consider the following regression model to analyse
how the impact of oil price uncertainty varies across different quantiles of stock
returns:

T't =a+ 310VX1_- + BZIRt + B3ERt + Et 5 (3)

where 1; is the sectoral stock return at time ¢, OV X, is the oil price volatility at
time t, I R;is the call money interest rate at time t, and ER; is the exchange rate at
time t; & denotes the usual error term. To increase the explanatory power of the
model, the call money interest rate and exchange rate are added as control
variables in addition to the oil price volatility. Oil price changes might affect stock
prices by influencing expected earnings. However, it is essential to control for
interest rate changes that could also affect stock prices which directly influence
the discount rate on expected earnings. Spiro (1990) reported that the interest
rate is primarily responsible for the short-term volatility of stock price indices.
Similarly, the exchange rate also affects stock prices, which is evident from the
flow-oriented model of Dornbusch and Fischer (1980), which posits that changes
in the foreign exchange rate can affect trade balances and international
competitiveness. The phenomenon can be explained as follows: a depreciation (or
appreciation) of the local currency will make domestic firms more (or less)
competitive by having cheaper (or expensive) exports in international trade
which will ultimately lead to an appreciation (or depreciation) of the stock prices
of domestic firms. In this regard, the causality will run from the exchange rate to
stock prices. Therefore, it is necessary to control for the effect of the exchange rate
on stock returns as well.

We can then write the conditional quantile function of 1 given the covariates as:
Qr,(tlxe) = () + B1(D)OVX, + B2 (IR + B3 (DER,, (4)

where Q,,(t|x;)denotes the " conditional quantile of 7, 0 < 7 < 1, and
a(t) and B;(7), i = 1,2,3, are the regression quantile coefficients.
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We can estimate the regression quantile f;(7), i = 1,2,3, by solving the following
minimisation problem:

(a,[g‘r}ig\RP Yic1 P (e — a(r) — B1(DOVX, — B (DR, — B3 (TER,), (5)
where p;(u) = u(‘r —I(u< 0)) is the check function and I(+) is an indicator
function. In Eq.(5) f;1(7) measures the marginal effects of oil price volatility at
the 7 quantile levels. In the quantile regression model, we represent stock market
conditions by different quantile levels. In the empirical analysis, we choose nine
quantiles, 7= (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9), where the low quantile (0.1),
middle (0.4, 0.5, 0.6), and high quantiles ( 0.9) represent bearish, normal, and
bullish market conditions, respectively. Therefore, the quantile regression
analysis allows us to investigate the impact of oil price volatility under different
stock market conditions. The quantreg package developed by Roger Koenker was
used for the purpose of this analysis.

4. RESULTS AND DISCUSSION

The index returns, which represent the change in value of an index over time, can
be computed using the first difference of the natural logarithmic series. 1, =
In(p; — p¢—1), where 1y is the return on the index at time ¢, and p; and p,., are the
price or index at time f and -1, respectively. Log returns are also taken for the
exchange rate and oil price volatility index but the interest rate is used at the levels.

As we can see from the diagram, there are substantial spikes in the OVX
throughout the sample period. For example, the most substantial spike is during
the 2020 COVID crisis. The oil price volatility is extreme during this crisis. In the
2015-16 period, the oil price volatility index also has a minor spike. The oil price
volatility index changes indicate high uncertainty in the Indian crude oil market.
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Figure 1. Oil price volatility index over the period.
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In order to analyse how the changes in the oil price volatility index affect Indian
sectoral stock returns under different market conditions, the quantile regression
method is applied. Tables 1 and 2 show the OLS and quantile regression
estimation outcomes. OLS regression coefficients are included in the table to
make a comparison with the quantile regression coefficients. The OLS regression
helps to understand the average effect of the independent variable on the
dependent variable values. Based on the value of the OLS coefficients in Table 1,
the study finds that the oil price volatility index deviations negatively affect the
sectoral stock returns. This signifies that higher uncertainty in the crude oil
market leads to lower stock market returns. One explanation for this outcome is
that crude oil plays a significant role in the production of various goods and
services. The increase in crude oil price uncertainty negatively affects investments
in the real economy, which in turn leads to lower stock returns (Sreenu , 2022).

Table 2 shows the respective quantile regression coefficients from 0.01 to 0.99.
The bearish period is represented by v = 0.01,0.05, 0.1, the normal period by
7 =0.4,0.5,0.6, and the bullish period by T = 0.9, 0.95, 0.99. These coefficients
capture the heterogeneous dependence of crude oil price uncertainty on sectoral
stock returns under diverse market conditions.

104



IMPACT OF CRUDE OIL PRICE VOLATILITY ON INDIAN STOCK MARKET RETURNS

0€0°0-  xx€T0°07  xxxLI10°0- 55810707 xxx£I10°0 51007 5a810°0- 561007 56100~ 56100~ 5200~ *x€20°0- L€0°0- XA0
+:x8C0°0 5 ¥100 5k I10°0 +x700°0 +x00°0 0000 xx8000°0- 0000 +xC00'0-  55xG00°0-  xxx800°0-  +xx€0T10°0- «CC0°0- 1dasuajug
OO
1x90L°0"  xxx€08°0"  xxxF86°07  xxxSE80  xxx6S8°0"  xxxFE80" w8180 xxabT80- 101607 xxx006'0"  xxxEE0TT  xax[SOT  xxx€S8°0-  2IDYIBuDYOXF
£000°0 80000 «TI00°0 +<0100°0 *£000°0 *x8000°0 20000 +xx¥000°0-  +xxC000°0-  xxC000°0- €000°0 100°0 2000 2IVYIsaLaju]
L2007 5xxxIT0°07  5xx€T0°0-  5xx610°07  5xx¥T0°0"  5xxPT0'0-  %x69T0°0-  5xx6T0'0" 516900~ 55x€€0°0" 1 CE€0'0- 5600 870°0- XA0
= CP00 xxxIT0°0  xxxCI0°0 «x£00°0 *xx700°0 000°0 0000 «100°0 0000 +xxxS00°0-  xxxC00°0-  +xxxIT0'0-  +xx6€0°0- 1dasuajug
dueury
868'0"  xxxFL9°07  5xx999'0-  5xxxT8I'0-  4xxSF9'0"  sxx S€90" xxFFI0- xxx[89°07  xk€TL0 xaFSL0- kIS804 GS6°0- «I81'1- 2IDYyabuvyoxy
1000°0- ‘10070 000°0 20000 x€000°0 200070 20000 +xx¥#000°0-  xxx5000°0-  xx5000°0- €000°0- 1000°0- 1000 2IVYIsa.taju]
910°0- PI0'0- 58100 xxxCT0'0" xxxCT0'0" 5k [T00  55xCT0'0  5PC0'0- 55k [T0°0- 5xx6T0°0-  5xxLT0°0-  5xx¥C0°0- €000 XA0
V€00 %9100 xx€10°0 ++x800°0 ¥00°0 «€00°0 000°0 100°0 10000 +a¥0070-  xxxIT00-  4xT0°0- xxxLE0°0- 3dao.uajug
Juwnsuo)
1xGFI0" .xxS190"  xxxC08°0"  xxxlS80  xxaxfE8°0"  xxxl8L0°  xxxC0L0"  xxxS89°0"  xxx889°0"  xxxS0L0-  xxxC98°0"  xxxC06'0- xxxl80'1- 2IDYIDUDYIXH
100°0- S00°0- 1000°0 1000°0 2000°0 +¥000°0 10000 xxx¥000°0- «¥000°0- +¥000°0- 000°0- S000'0  xx€00°0 2IVYIsaLaju
TE0'0"  xxxCP0'0-  5xxx€E0°0-  5xxxS€0°0-  5xx6T0°07  xxx£T0°07  xxxLT0°0" 5 F€0'0  5:x6€0°07  539€0°0-  5xl€0'0- k€00 990°0- XA0
+xx620°0 [ 600°0 £00°0 ¥00°0 2000 0000 100°0 000°0 €00°0- 6000 % F10°0-  xxx[€0°0- 1dasuaju]
dqowrony
TOV0"  5xl0970-  xxx0LL°07 5o TLL0- xlTL0 5alTL0- 55088970 4xxC69°0- x89°07  sx9€L°07 wxCLL0- 5xxLT80- «196°0- 2IWYabuvysoxy
100°0- 1000 +¥000°0 0000 1000°0 1000°0 1000°0  +xx¥000°0-  +xx¥000°0-  xx¥000°0- €000°0- 200070~ 80000 2IVYISaLaju]
TE0'0- 560007 5xlT00-  55xST00-  55x9T0°0-  55x9T0°0-  5xxCE0'0-  5xx€E0'0-  5xxGE0°0"  5xx9€0°0"  %xx9€0°0-  xxxCF0'0- «990°0- XA0
+xx€0°0 €100 600°0 L00°0 ¥00°0 2000 0000 100°0 0000 €00°0- 6000 xxxPI0°0-  xxx[€0°0- 3dao.ayug
0SAWIN
660 S6'0 60 80 L0 90 S0 7’0 €0 0 o <00 10°0 SYO.LOIS
STTLLNVNO
sj[nsal ﬁoﬁwwwhwpﬁ QﬂHQNSO NI LAR
10 >d 500 >d 4 ‘100 >d s T00°0 >d sxx :S[PAI] 20UBIYIUSIS 930N
*xxx660'T-| xxx€81°0- xxx€9C°07|  xxx18C°0- *xxxC8T T~ xxx1€6°0- «xxV VY0~ *xxx90T"T- *xxx618L°0~ *xxx098°0- *xxx8GL°0~ ojel QMQNQU%‘W
€0000°0 0000 0000 0000 €2000°0[ "€000°0- 0000 0000 S10000°0- 0000 000°0 9jel 3saIU]
xxx [70°0| xxx¥20°0- *xxx 1200~ *xxx610°0 *xxxL€0"0 *xxx50°07|  xxx1C0°0- *xxx€£C0°0 *xxx€C0°0 *xxx¥0°0~ *xxx£€0°0 XAO
yueq 11| euaeyq|  |@resy Aeay [edDN|  DOWA ueur]| JPwmnsuo)| dpiqowony|  0S AYIN SAOLOHS

*$)[NSa1 U0Issa1321 STO °T 2[qe.LL

105



Economic Annals, Volume LXIX, No. 242 / July - September 2024

1'0>d"60°0 >d « 10°0 >d xx ‘1000 > sxxx

:SToAS] 20ULOYTUSIS 90N

KITTT 5xG68°07  xxx6T0T- 5 99T' T~ xxx€86'0  5xx1€6°0- k€607 xxxPE60 waFTOT- xxxG90'T- ok [LT'T-  xCCHTT- 1986'0- 2IDYabupydxq
€000°0- 9000°0 S000°0 ¥000°0 €000°0 €000°0 10000 +xx9000°0-  xxx9000°0-  xx9000°0- S000°0- $000°0 €0000 2IVYISaLaJuU|
7S00-  xxCE0°0-  xxxLT0'0-  xxxLT0'0"  xxxTE00"  xxx9€00"  xxx€€0°0-  xxxIFP00-  xxx€P0°0-  xxxlE€00-  xxx P00~ *xx670°0~ 780°0- XA0
+xx 1700 +«xxC0'0 %P 100 +«xx800°0 *xxx¥00°0 0000 0000 «x100°0 0000 5xxS00°0-  5xxCT00-  5xxPT00-  +xx6€0°0- 1dasuajug
yueqg
€100~ £90°0~ €60°0- «E€LT°0- ¥60°0- *SIT°0- €L0°0- 200~ SS0°0- «C1°0- *xG61°0-  xxx[LE°0- oF0'1- 2IwYyabuvyoxy
Z100°0- 2000°0-  T000°0- 00000 10000 20000 xxx1000°0 $000°0~ 20000~ 20000~ 200070 00000 80000~ 2IVYIsaLajul
$20°0- 9100~ «6T0°0  xxxIT0°0-  xxxIT0°0~  xxx0T0'0-  xxx610°0- w«xxC0'07  5xxGT0°0"  5xxCC00-  5xxP€0°0- 170°0- 120°0- XA0
sxxIP0°0 xxxCT0'0  xxx910°0 *xxx600°0 *xxx500°0 2000 0000 «[00°0 xx€00°0"  xxx200°0-  xxxGT10°0- *xxxC0'0"  xxxC€00~ 1daduayug
LI
Iro 0800 xxx86T°0  xxx90T°0  xxx[€T0"  xxCET0"  +xx80T0  5xxlET0-  5xx19T°0- *xxx€C0" *«x€C0~ w9TE0"  xx€8L°0- dIDYdBUDYOXH
xC00°0-  xx8000°0-  x¥000°0- 00000 20000  ««P000°0 x¢000°0 0000°0 1000°0 70000 xxx£000°0 S000°0 7000 2IVYISaLaju]
S00°0 €100~ «P10°0- «110°0~ FT007  xxkST00 561007 xxxlT00-  xxxSTO0-  xxx870°0-  xxx1€0°0- *xx€20°0~ S€0°0- XA0
w700 xxxSTO0  xxxLT0°0 *xxx600°0 xxx¥00°0 0000 000°0 2000-  «xxS00°0"  xxx810°0-  xxxkITO0-  xxxCPO0-  xxx[F0°0 1dasaajug
euLreyJ
980°0 BIT'0-  wx6L1'0-  «xxl€T0°  «x6TT0-  +xx19T0-  «xxITTO-  «xx0ET0-  +xn€LT0-  +xx8LT°0"  +x08T0-  xbTE0-  4xlS8°0- 2IDYIbUDYIXH
*x6100°0- $0000-  «¥#000°0- 10000~ 10000  xx€000°0 «C000°0 1000°0- 1000°0 €000°0  xxx£000°0 x9000°0 1000 2IDYisatajuj
€00°0- G000~  xxx[0°0- «[10°0- xxL10°07  5xx910°0-  5xx0T0°0-  5xx610°0-  xxx9T0°0-  xxxSTO°0-  xxxLT0'0- *xx120°0~ 7€0°0- XA0
5k [F70°0  xxxIT00  5xxST0O°0 xxx600°0 *xxx700°0 0000 0000 1000~ «xx¥00°0~ 53x 10707 5 lT00- xxxC0°0"  xxxLE0'0" 1daosuajug
PIedH
00T T s 9LT T wabOT T woaPITT- 4oaSST T xa9LT T nl@TT k€T anI8E T waBOS T 4xaSOF T~ 4a8F9 T~ waSELT- 2IDYIBUDYIXH
000 *«x100°0 1000 «£000°0 «5000°0 «5000°0 20000  «xx8000°0~  xx60000-  xxxIT00°0-  xxxC00'0~  +xxC00°0~ 700°0- 2IwYIsa.Lauj
£00°0 SGT0°0-  xxx9€0°0"  xxxLT00"  xxx[€0°0"  xxx0€0°0"  xxxZE0'0"  xxx€€0°0"  xxxLE00  xxx8€0°0- +«x6€0°0~ «€¥0°0- €80°0- XA0
*xx[G0°0  xxx€C0°0  xxx810°0 *xxx110°0 *xx900°0 100°0 0000 «C00°0 2000-  xxx9000-  xxx0100-  xxx[T0°0-  xFF0°0- 1dadaayug
Ayreay
TI0" xxx99L°07  xxxG98°0"  xxx6€6'0"  xxx6I0 T~ xxx866'0"  xxx9L6'0  xxx[€07T-  xxxCTOT- 1x660"  xxxC€0 T xabTOT-  xa9FTT- 2IDYIbUDYIXT
10070~ 90000-  S000°0- 20000~ 20000~ 00000 10000~ xxx0T00°0-  xxx6000°0-  xx9000°0- 20000~ 1000°0 €100°0 2IVYIsataju]
LF0°0-  xxxL90°0-  xxx[S0°0-  xxxCS0°0-  xxxFFO0-  xxxTFO0-  xxx8€0°0-  xxx[F00-  xxx6F00-  xxx850°0~  xxxCS0'0-  xxx[£0°0- 860°0- XA0
xxxG0°0  xxx[€0°0  xxxFT0°0 *«xxG10°0 *xx600°0 +x700°0 0000 *xxx€00°0 1000~ «xx800°0-  xxx610°0- *xxx8C0°0  xxx€50°0- 1dasaaju
BRI
05207 xxx€1G°07  5xx[SF0- xxx99€°0-  xxx0L9€°0-  xxxLSE0- xxx6€°07  xxxPLEO- *xxlP07 xxx8EP0-  xxx€0S°0-  xxx9EF0- 0F'0- 2Iyabuvyoxg
€000°0 S000°0 €000°0  xxx9000°0  xxx¥#000'0  xxxF0000  xxx€000°0  x€000°0- «€000°0- €000°0- xS0000-  xx6000°0-  8000°0- 2IVYIsa.Lajul

106



IMPACT OF CRUDE OIL PRICE VOLATILITY ON INDIAN STOCK MARKET RETURNS

Table 2 shows that most of the quantile regression coefficients are significant and
show a negative effect at all quantiles. We can observe that the negative effects of
oil price volatility vary with the change of the quantiles. This implies that oil price
volatility negatively affects the sectoral stock market in the bearish, normal, and
bullish periods. However, as we can see from Figures 2 to 9, in most cases, it is
evident that the increasing oil price volatility causes decreasing stock returns, and
these effects are larger when the stock markets are more bearish. Figures 2 to 9
display the plots of the regression estimate for quantiles from 0.01 to 0.99 for all
of the explanatory variables. In each plot, the horizontal axis indicates the
quantile scale and the vertical axis indicates the relationship between the stock
returns and one explanatory variable (coefficient values; 1, B2, f3,), keeping
other explanatory variables constant. In the plots, OVX represents the
relationship between oil price volatility and stock returns (i.e. 1), Interest Rate
represents the relationship between interest rate and stock returns (i.e. 5,) and
Exchange Rate represents the relationship between exchange rate and stock
returns (B3). The regression quantiles of 51, 55, B3, are represented with a dashed
black line and its bootstrapped 95% confidence band is represented by the grey
shaded area. The straight solid red line and dashed lines denote the f;, 8,, B3 for
the OLS model and its 95% confidence band, respectively.
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Figure 2. Quantile regression results for NIFTY 50
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Figure 2 shows that oil price volatility has a significant and negative effect on
aggregate stock returns, and the negative effect is much stronger during the
bearish period. Interest rate changes also negatively affect stock market returns.
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Figure 3. Quantile regression results for the automobile sector.
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Oil price volatility has statistically significant negative effects for nearly all
quantiles in the automobile sector, as can be seen in Figure 3, with the effect being
stronger during the bearish period. The automobile sector being an oil-intensive
sector, higher oil prices are associated with lower automobile manufacturer
returns. This can be through either an increase in the demand for more energy-
efficient vehicles (demand-side effects) or a rise in oil prices through the rise in
production cost and profitability (supply-side effects) (Arouri, 2011).
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Figure 4. Quantile regression results for consumer durables.
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Figure 4 depicts the consumer-durable sector (non-oil-intensive sector). Oil price
volatility has statistically significant negative effects for nearly all quantiles, but
OVX is more negatively affected at the lower quantiles. It is evident from the
figure that interest rate changes have more impact on the stock returns of
consumer durables. Higher interest rates can increase the cost of borrowing for
consumers, which can reduce their ability to purchase consumer durables, such
as cars, appliances, and furniture. This can lead to lower sales and earnings for
companies in the consumer durable sector, which can in turn negatively affect
their stock returns.
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Figure 5. Quantile regression results for finance.
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Figure 6. Quantile regression results for banking.
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In the case of the financial service and banking sectors (non-oil-intensive sectors)
in Figure 5 and Figure 6, oil price volatility has a significant and negative effect
on stock returns at all quantiles and it is much stronger during the bearish period.
The negative relationship between oil price changes and financial and banking
sector stocks are mainly through two distinct channels: the inflation effect
channel and the economic growth channel. Oil prices can be an indicator of
inflation expectations. Higher oil prices or price volatility can lead to higher
inflation expectations (Elder & Serletis, 2010), which can lead to higher interest
rates and lower demand for financial and banking sector stocks. Oil prices can
also be a proxy for economic growth expectations. Higher oil prices or price
volatility can lead to reduced economic growth expectations, negatively affecting
the financial and banking sectors, as they rely on strong economic conditions to
drive demand and earnings.
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Figute 7. Quantile regression results for pharmaceutical.
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Figure 8. Quantile regression results for healthcare.
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Figure 7 and Figure 8 show that oil price volatility has a significant negative effect
on the pharmaceutical and healthcare sector (non-oil-intensive sectors) stock
returns at all quantiles. Petroleum is used widely in health care — primarily as a
transport fuel and feedstock for pharmaceuticals, plastics, and medical supplies -
and few substitutes for it are available. This dependence theoretically makes
healthcare vulnerable to petroleum supply shifts (Hess et al, 2011). The
relationship between them is indirect; that is, higher oil prices raise the costs of
production and transportation in these sectors, which in turn affects the
profitability of the firms associated and, thus, their stock returns. Interest rate and
exchange rate changes also affect the returns, mainly in the bearish and bullish
periods. In the case of the exchange rate, since India is one of the largest exporters
of pharmaceuticals and vaccine products, exchange rate changes have more
impact on the stock returns and the negative effects are stronger in the bearish
period.
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Figure 9. Quantile regression results for realty.
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It is evident from Figure 9 that oil price volatility has a significant and negative
effect on the stock returns of the realty sector (non-oil-intensive sector) at all
quantiles and is much stronger at the lower quantiles. Oil price volatility can be a
signal of inflation expectation and economic instability and can lead to
fluctuations in interest rates. Higher interest rates can increase borrowing costs
for real estate companies, which can reduce their profitability and lower their
stock return. Thus, from the figure it is clear that interest rate changes are strongly
associated with realty sector stock returns.
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Figure 10. Quantile regression results for metal.
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As can be seen from the Figure 10, oil price volatility has a significant negative
effect on the stock returns of the metal sector (oil-intensive sector) at all quantiles
but it is much stronger in the bearish period. Metal and mining companies often
require oil and other energy sources as inputs for their production processes.
Higher oil prices or price volatility can increase the cost of production for metal
companies, reducing their profit margins and stock returns.
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Figure 11. Quantile regression results for IT.
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Figure 11 depicts the IT sector (non-oil-intensive sector). The impact of oil price
volatility on stock returns is negative across all quantiles and more or less stable
throughout, with a slightly stronger impact at the lower quantiles, i.e. in the
bearish period. Such a result could be because IT is a non-oil-intensive sector;
therefore, when the economy is in a bearish period, oil price volatility could be
reflected in negative sectoral returns. However, as can be seen from the figure,
exchange rate changes have stronger negative effects in the bearish period since
India is a fast-growing software service exporter.
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Figure 12. Quantile regression results for the FMCG sector.
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As Figure 12 depicts, oil price volatility has a significant and negative effect on
the stock returns of the FMCG sector (non-oil-intensive sector) at all quantiles,
and its effect is more or less the same across all quantiles. Since the FMCG sector's
demand is mostly inelastic, the oil price changes do not cause much change in the
demand for these goods. This sector requires an agile logistics process. This leads
to a rise in transportation and commercialisation costs, which reduces the
profitability of the associated firms and, thus, the stock returns. Interest rate
changes also significantly affect this sector and have stronger negative effects
during the bearish period.

Table 3 and 4 report the results of the Wald test for quantile slopes of the 0.01 and
0.09 quantiles and the 0.05 and 0.99 quantiles. A quantile regression is
particularly useful for capturing heterogeneous effects of independent variables
on the dependent variable. By running an F-test for the equality of coefficients,
we can identify whether these effects differ significantly across quantiles,
providing insights into the conditional relationships between variables.
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The null hypothesis is that the quantile slope coefficients are identical. It is
evident from the table that for most of the sectors, the joint slope equality
coefficient ( F-statistic) is significant.

Opverall it can be inferred that oil price volatility has a significant and negative
effect on the stock returns of all sectors at all quantiles but it is much stronger in
the bearish period. Regarding the statistical pattern of structure and degree of
dependence, Hu (2006) also emphasises that the dependencies across the
financial markets are left-tailed and unarguably asymmetric. Moreover, the
strong lower-tail sensitivity could be an outcome of the fact that the influence of
oil price shocks is more evident and tractable when markets are bearish than
when markets are bullish (Zhu et al., 2016).

Further exchange rate and interest rate changes also affect the sectoral stock
returns. This can be attributed to the flow-oriented theory, which states that
exchange rate movements affect international competitiveness and trade balance,
thereby influencing real economic variables such as real income and output. The
exchange rate affects the values of the income and the costs of a company with
considerable exports/imports and thus impacts the company's stock price.

As we can see from the analysis, oil price volatility affects the sectoral returns
more when the economy is in the bearish period. In the normal and bullish
periods, oil price volatility does not affect the stock returns greatly. Further
interest rate and exchange rate changes substantially affect the sectoral returns in
the bearish period as in the case of the pharmaceutical, healthcare, banking and
finance, IT, FMCG, and consumer durables sectors. Thus, the impact of oil price
volatility on sectoral returns is less than the influence of interest rate and
exchange rate changes.

To capture the effect of systematic risk, market portfolio is added as one of the
control variables in the quantile regression:

Tt = a+310VXt +321Rt+B3ERt+B4MPt +£t (4)

Here, all other variables are the same as in Eq.(3); additionally, B, is the
coefficient for market portfolio.
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Table 5 shows that after including market portfolio as one of the explanatory
variables in the quantile regression analysis, market portfolio picks up most of the
variations in sectoral returns, which is expected as systematic and non-
diversifiable risk component drives sectoral returns. However, oil price volatility
becomes insignificant in most of the cases. It could be due to the fact that oil price
volatility affects the entire market as a whole, which is confirmed by Luo and Qin
(2017) and Joo and Park (2021), and then spills over to a particular sector.
Although fluctuations in oil price changes represent a source of systematic risk
affecting aggregate market returns, the level of exposure to this risk differs among
various sectors (Lee et al., 2012). Studies by Xiao et al. (2018) and Sreenu (2022)
have shown that oil price volatility affects the sectoral returns. So this indirect
channel of spillover could be the possible reason for the insignificance of oil price
volatility when we include market portfolio as one of the control variables.

5. CONCLUSIONS

This paper examines the heterogeneous effect of oil price volatility on the Indian
sectoral stock returns for the period January 2011 to September 2022 using the
quantile regression method. The study aimed to analyse how oil price volatility
affects sectoral returns during different market conditions: bearish, normal, and
bullish periods. The results find that the total and sectoral stock returns are
negatively affected by oil price fluctuations, and the negative effect is stronger
during the bearish period. This finding is consistent with the results of Sreenu
(2022), signifying that the uncertainty fluctuations in the crude oil market mainly
hurt the Indian stock returns during unperforming periods, and also with those
of Joo and Park (2021), whose results show that OVX has a statistically significant
negative effect on the stock returns of oil-importing countries and this negative
impact is stronger at the lower quantile levels than at the medium or higher
quantile levels of stock returns. As expected, oil-intensive sectors, such as the
automobile and metal sectors, are more affected by oil price volatility because of
demand- and supply-side effects (Arouri, 2011). This finding is supported by
Gogineni (2010), who concludes that sensitivity of industry returns to oil price
changes depends on both the cost-side and demand-side dependence on oil and
that the relative effects of these factors vary across industries. In the case of non-
oil-intensive sectors, interest rate changes strongly affect some sectors more than
oil price volatility, such as banking and finance, consumer durables and the
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FMCG sectors. Similarly exchange rate changes have a greater impact than oil
price volatility in the case of the pharmaceutical and IT sectors. Furthermore, one
of the findings of this study is that market portfolio picks up most of the variations
in sectoral returns, as it is a systematic and non-diversifiable risk component.
Initially, the oil price volatility affects the entire market as a whole, as confirmed
by Luo and Qin (2017) and Joo and Park (2021), and then spills over to a
particular sector. This implies that there exists an indirect channel through which
oil price volatility affects sectoral returns.

Crude oil price uncertainty is a significant problem faced by India due to many
political and economic conditions at the global level. Since India is a huge oil
import-dependent country, stockholders are very apprehensive about the
influence of this ambiguity on the sectoral stock market. Consequently, this study
has significant and valuable inferences for investment choices, risk management,
and portfolio diversification. For those investors who have invested in energy
intensive sectors such as the automobile and metal sectors, over and above
hedging against normal market risk, it is also important to hedge against oil price
volatility risks. The method of quantile regression is considered superior to
ordinary regression in order to capture heterogenous dependence; however, it
requires a large amount of data to obtain reliable estimates, and the model
specification should be appropriate to obtain unbiased estimates.

Moreover, as India is an emerging market with distinctive growth opportunities
and challenges, it represents a valuable case study for analysing the response of
industry portfolios to oil price shocks. Investigating how the Indian industry
portfolio reacts to fluctuations in oil prices can provide crucial insights into the
behaviour of emerging market economies and their resilience to external
economic factors. The Indian market may exhibit unique volatility patterns in
response to oil price changes which can differ from those observed in other global
markets. Understanding these patterns can assist international investors in
evaluating the risk-return profile of Indian assets during periods of oil price
uncertainty.
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