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Abstract 

 

This paper explores the contagion effects of extreme changes in global crude oil 
prices on sectoral stock price indices in India. Using generalised Pareto 
distribution (GPD) for estimating excess returns or exceedances i.e., deviations 
from thresholds, and multinomial logit model (MNL) for assessing the probability 
of contemporaneous excess returns or co-exceedances, the paper finds a 
significant likelihood of co-exceedances among 10 sectoral stock price indices 
when faced with extreme changes in global crude oil prices. This points to the 
existence of a contagion effect. The evidence of positive co-exceedances is 
stronger, and the results are found more robust when relevant control variables 
are introduced – exchange rate returns (INR-USD), 10-year G-sec yield, and 
differential stock returns, (i.e., small firms minus big firms (SMB)). The contagion 
effect on all sectoral indices, irrespective of their direct and indirect exposure to 
oil price dynamics, highlights the need for hedging by investors as mere 
diversification of portfolios may not be sufficient to protect their assets from an 
adverse oil price shock.  
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Measuring Contagion Effects of Crude Oil Prices 

on Sectoral Stock Price Indices in India 

 

Introduction  

The studies on contagion effects of extreme changes in global prices of crude 

oil on sectoral stock indices done in the Indian context are rare. There are not many 

studies on this subject even at the international level. The increasing cross-border 

financial integration warrants that the contagion effects of global prices of crude oil – 

one of the most actively traded commodities worldwide - on stock prices is understood 

better. For an oil-dependent economy like India, importing around 80 per cent of its 

consumption requirements, the need for a deeper understanding of the contagion 

effects of global crude oil prices is all the more pressing. 

Oil has both commodity and financial attributes. As a commodity, while rising 

oil price increases the operating costs of firms leading to depressed stock prices, as a 

financial asset, when higher oil price is driven by higher demand expansion, it 

positively affects stock returns. Studies have observed that crude oil shocks can 

influence expected earnings in the equity markets, both within and across borders, 

while the macroeconomic impact of oil price shocks can also have ramifications for 

overall liquidity in the financial market.  

Commensurate with being the second-largest country in the world in terms of 

population, the fifth-largest economy in the world, and third in Asia, India holds the 

distinction of being the third-largest consumer of oil, next only to China and the US. 

Likewise, India is the third-largest importer of crude oil after the US and China. 

Domestically, oil is the largest source of the country’s total energy supply next only to 

coal and also is the largest in terms of total final consumption. The demand for oil is 

increasing rapidly. Yet, owing to low natural endowment and stagnant domestic 

production, India’s reliance on imports for meeting the demand-supply gap is high. 

Also, the oil and gas sector is one of the six core industries in India and is among the 

most traded commodities. It is, therefore, natural that the implications of extreme 

changes in global prices of crude oil on the Indian macro economy would be profound. 

In the same vein, it may not be farfetched to expect movements in global prices of 

crude oil to impact Indian stock indices. More so because the Indian stock market has 

grown larger, and the Indian financial system is substantially integrated with the global 

financial system over the years.  

In this backdrop, with the motivation to empirically examine the existence of 

contagion effect of extreme changes in global crude oil returns on 10 composite 

sectoral indices of Indian stock markets, the paper employs the multinomial logit model 
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(MNL), as in Sheng Fang and Paul Egan (2018) for China. The threshold returns for 

global crude oil price and sectoral stock indices – both for the top and bottom tails, are 

established using a generalised Pareto distribution (GPD) function. Having 

established the thresholds, the MNL model is used to examine the probability of 

extreme returns or exceedances, defined as deviation from thresholds, 

contemporaneously occurring among the stock sectors due to exceedances in oil price 

returns, which the literature has defined as contagion effects.  

The study has been organised into five sections. Section II presents the review 

of the literature and the stylised facts. Section III provides a detailed explanation of 

methodology, data, and preliminary analysis. Section IV reports and analyses the 

empirical results and Section V concludes the paper.  

 

II. Review of Literature and Stylised Facts  

II.1 Review of Literature 

Hamilton (1983) discovered that crude oil price changes played a key role 

during every post-World War-II US recession. After his pioneer work, exploring the 

linkages between crude oil price and the real sectors of the economy has been a major 

area of theoretical and empirical research. Successive researchers investigated the 

association between oil price shocks and macroeconomic variables - economic 

growth, aggregate demand, inflation, and employment in various countries. The 

subsequent studies that followed, established without ambiguity that oil price shock 

has the potential to trigger cost-push inflation, adversely affecting profitability and 

causing generalised inflation. And if unchecked, it can engulf the whole economy, 

leading to higher unemployment, compressed demand, and consumption, 

discouraging investment, and a sustained growth slowdown.  

Indeed, the crude oil price surge due to the Arab oil embargo was at the core 

of the global slowdown during 1974-75. The global Gross Domestic Product (GDP) 

grew by 6.9 per cent in 1973, fell to 2.1 per cent in 1974, and to 1.4 per cent in 1975. 

It was only by 1976 after the oil embargo that the world economy returned to its normal 

rate of growth. The US GDP contracted for three consecutive years during 1973-75 

and unemployment and inflation rates more than doubled. So pervasive was the 

impact that it led to an aspersion on the foundation of Classical Economics, according 

to which inflation is always and everywhere a monetary phenomenon, and its off-shoot 

– the Philips Curve – which assumed a steady, permanent, and direct relationship 

between employment and inflation. 

The studies on the relationship between volatility in crude oil price movements 

and stock indices have been relatively of a new vintage as compared to studies on the 
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relationship between crude oil price movements and macroeconomic variables. The 

premise that the rise in performance of the stock market is a good indicator of 

economic activity, has existed all along as a perceived notion. In fact, this notion led 

to another perceived notion of the existence of a causal relationship between crude oil 

price and the stock market. Studies like Nasseh and Strauss (2000); Pethe and Karnik 

(2000); Singh (2010); Dhiman and Sahu (2010) have attempted to empirically examine 

the relationship between crude oil price and macroeconomic variables in different 

countries including India. Most studies observed a strong relationship between crude 

oil price movements and macroeconomic variables.  

As regards crude oil price movements and stock markets, the empirical 

literature has been vast, and the findings thereof point mostly to an inverse 

relationship. There have, however, been a few studies that have found the relationship 

to be non-existent as well. Commonly, the relationship between the two markets has 

been analysed using (a) extreme returns on crude oil price, frequent fluctuations in 

crude oil prices, the net external trading position of the country in the global crude oil 

market (exporter or importer), and origin of crude oil price shocks (demand or supply-

driven) on the one hand, and (b) overall returns or volatility of stock markets on the 

other, with relevant control variables like foreign currency exchange rate and interest 

rate.  

A study on stock markets of the Gulf Cooperation Council (GCC) pointed out 

that negative oil price change had a larger negative impact on the stock markets of 

Kuwait, Oman, and Qatar which being oil exporting countries are relatively more 

responsive to the considerable oil price change (IMF WP, 2018). The stock markets 

of Latin American countries have been found to respond positively to increases in oil 

prices during 2000-2015 (Salgado et al., 2017). According to the authors, their finding 

can be explained based on regional closeness, shared institutional, historical and 

cultural features, and the way country-funds and regional-funds managers and other 

institutional investors who hold Latin American stocks react to oil price shocks.  

Examining the differential impacts of fluctuations in crude oil prices on oil-

importing and exporting countries, Asteriou, Dimitras, and Lendewig (2013) observed 

that the impact was higher for countries importing crude oil than countries exporting it 

and that the relationship between oil price and stock markets was more robust than 

between various interest rates – both in the short and long-runs. Imarhiabel (2010) 

also examined the effect of crude oil prices on the prices of stocks of select major oil-

producing and consuming countries such as Mexico, Russia, Saudi Arabia, India, 

China, and the United States, and detected that stock prices were affected by both oil 

prices and currency exchange rates. Further, a time-series study of almost three 

decades by Thorbecke (2019) highlighted that the US stock markets got negatively 
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affected by shocks in oil price during 1990-2007, but after that, they were positively 

affected during 2010 to 2018 indicating a change in nature of the relation. This finding, 

according to the author was explained by the rise of shale oil production and the 

changed structure of US economy - stocks in many sectors that were harmed by oil 

price increases before the Shale revolution benefited in the latter period.  

Even for India, the relationship between the two markets has been negative 

according to most studies. A study by Rai and Bairagi (2014) showed a significant 

correlation between a crude oil price change and Bombay Stock Exchange (BSE) 

Sensex for the period 2003 to 2012. Another study by Sathyanarayana et al. (2018) 

spoke of a positive, significant, and direct relationship between crude oil and BSE 

Sensex, with an increase in oil price leading to an increase in share market price. 

Fluctuations in crude oil price return exerted a significant impact on the volatility of 

stock market returns in India and such volatility spillovers were stronger following the 

global financial crisis (Anand et al., 2014).  

But there have been exceptions. According to Chittendi (2012), volatile stock 

prices did not necessarily have a significant impact on oil price volatility and there was 

no long-run equilibrium relationship between international crude oil price and the 

Indian stock market during 2003 to 2011, although such a relation was observed 

during 2008-2011 (Ghosh and Kanjilal, 2016). Surprisingly, oil demand shocks, but not 

supply shocks, affected stock returns in India and its volatility, despite the fact that 

policy uncertainty could lead to negative returns and increased volatility (Anand et al., 

2021). 

Despite being a vastly studied topic, the precise relationship between crude oil 

price volatility and stock prices and the contagion effect thereof has not been stated 

with certainty. This has prompted a new approach to study the two markets i.e., to take 

into consideration industry-specific stock prices. The widely held view is that the 

sectoral segregation of stock market indices is necessary to gain a deeper knowledge 

of the impact of crude oil price fluctuations.  

However, even in this regard, there have been not many studies in the Indian 

context. Studies exist for other countries, such as the US, Europe, and China. A study 

by Degiannakis et al. (2013) highlights the importance of the sectoral division of the 

stock market with regard to various industries as an important determinant in 

determining the nature of the association between prices of international crude oil and 

the stock market. They examine equity returns of 10 European industrial sectoral 

indices and their linkages with oil price changes via the Diag-VECH GARCH model 

and conclude that relationships are industry-specific. Another study on the relationship 

of European sectoral stocks with crude oil prices is found to be asymmetric (Arouri, 

2011) and strongly varying across sectors. While Automobiles and parts, Financials, 
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Food and Beverages, and Health care show a negative relationship, Oil and Gas show 

a positive relationship.  

In another study by Thorbecke (2019), a positive relationship between crude oil 

price volatility and stock prices were seen for industries that acted as an input to the 

energy sector, such as industrial machinery and marine transport and industries in the 

oil supply chain (petrochemicals). Kang et al. (2017) concluded that the index for the 

oil and gas industry responded negatively to negative supply-side shocks and 

positively to positive aggregate demand shocks for the US.  

It was also found that stock prices of manufacturing, chemical, medical, food, 

transportation, computer, real estate, and general services responded negatively to a 

rise in oil prices, whereas the results were indeterminate for stock prices of 

engineering, electricity, and financial sectors by using 56 firm-level stocks of the US 

(Narayan and Sharma, 2011). In one interesting time-series study by Singhal and 

Ghosh (2016), the relation of seven industry-specific sectoral stock prices of BSE with 

crude oil prices was examined and significant empirical evidence was obtained.  

Yet in another study, Rajan and Lourthuraj (2020) have tried to understand the 

impact of crude oil price on the automotive sector and companies’ performances. 

Jambotkar and Anjana (2018) also through an empirical analysis studied the combined 

effects of macro-economic variables, including crude oil prices on selected National 

Stock Exchange (NSE) sectoral indices and found significant results. A recent paper 

by Fang and Egan (2018) investigated the contagion effects using extreme positive 

and negative returns and the multinomial logit model (MNL) for 10 Chinese stock 

sectoral indices. The theory of extreme value has been used the least to understand 

the oil price spill over on sectoral stock prices in the case of Indian stock markets. It 

was used only in a few other countries and other fields like Horvath et al. (2018) and 

Chan-Lau et al. (2012). In addition to this, the literature shows that very few studies 

exist on the impact of crude oil prices on cross-market linkage i.e., inter-sectoral 

linkage for extreme returns in crude oil prices for India’s stock markets. 

Hence, a study of sectoral stock price indices and an attempt to measure inter-

sectoral linkages are key to understanding the nature of the relationship between oil 

prices and industry-specific sectoral stock markets. This paper is a step in that 

direction. 

II.2 Stylised Facts 

The Indian stock market has grown significantly in the last two decades. The 

number of listed companies in the NSE is more than 1900 while its benchmark index, 

Nifty comprises 50 companies. The NSE also has many sectoral and thematic indices. 

Similarly, BSE’s Sensex is a weighted stock market index of 30 well-established listed 
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companies. The BSE is among the world's 10 largest exchanges in terms of the 

cumulative market capitalisation of all companies listed on its platform, as per the 

latest data available from the World Federation of Exchanges. The NSE has 

maintained the position of the largest derivatives exchange during 2019 and 2020 in 

terms of the number of contracts traded.  

The BSE has the largest number of listed companies in the world (in the case 

of equities and debt). BSE is also the fastest exchange in the world with a median 

response time to trade of 6 microseconds. The NSE was by far the largest exchange 

in terms of stock index options trading, with over 1.85 billion contracts traded in H1 

2019.  

The average daily turnover in NSE was ₹57,677 crore and market capitalisation 

was ₹2,55,68,863 crore as on end-May 2022 and for BSE, the average daily turnover 

was ₹4,192.1 crore and the market capitalisation was at ₹2,57,78,368 crore in the 

same period. The stock market capitalisation to GDP ratio for BSE has improved 

significantly from 24 per cent in 1992-93 to 104.9 per cent in 2020-21.  

Apart from these milestones, the co-movement of Indian stock indices with 

global crude oil price (Brent) and these indices getting affected by major global events 

make it even more necessary to study the relationship between these indices and 

global crude oil price (Chart 1).  

Chart 1: Crude Oil Price vs. Indian Stock Indices 

Source: Bloomberg. 

The contagion impact of global crude oil price on stock indices at the sectoral 

level is also backed by theory. There are two prominent theories supporting the linkage 

of international crude oil price movements and sectoral/industry-specific trends in 

stock indices. The first one, the channel of Expected Cash Flows states that the rise 
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in oil prices leads to a rise in the cost of production, which in turn can reduce profit 

margins and hence cash flows (Dadashi et al., 2015). Theoretically, oil marketing, 

paints, synthetic rubber (tires), and the aviation industry’s input costs might rise due 

to a surge in crude oil price and their stock prices fall with rise in global crude oil price. 

Similarly, oil production and exploration companies may profit from a rise in crude oil 

prices and their stock prices may rise. The second theory of Discounted Future Cash 

Flows says that high oil prices can lead to inflationary expectations and hence rise in 

the interest rate, ultimately leading to higher borrowing costs.  

The ultimate response of stock prices to crude oil price shocks, however, would 

depend upon whether the company is oil-producing or consuming. More importantly, 

the input-output coefficient of that sector would determine the responsiveness of its 

stock to oil price shocks. The volatility in oil prices can affect the operating costs of 

firms – both oil-producing and consuming and hit their earnings. Similarly, the profit 

and dividends of firms that use oil as inputs – direct or indirect, are bound to be 

impacted by volatility in oil prices. Likewise, the volatility in oil prices for an oil-importing 

or exporting market will differ widely. An upward movement in oil prices, while 

increasing risk and uncertainty in oil-importing markets, will increase market returns 

for an oil-exporting market. With a view to exploring these aspects of the behaviour of 

oil price movements on sectoral stock indices, 10 sectoral stock indices from BSE/NSE 

have been mapped against the input-output coefficient of India (MOSPI, 2012) taking 

petroleum products as the input. The input-output coefficients2 across eight sectors 

were estimated (Chart 2).  

   Chart 2. Input-Output Coefficient 

(Petroleum input per unit of sectoral output for BSE/NSE listed companies) 

 
Source: Estimated from Input-Output table of India, 2012. 
https://www.bseindia.com/market_data_products.html?flag=real. 
https://www.nseindia.com/market-data/live-market-indices. 

                                                           
2 Input-output coefficients indicate the unit of petroleum products in value terms used as input to produce 
one unit of output in the respective sector. The coefficients are calculated using the input-output matrix 
for India for the BSE listed companies. Since the coefficients pertain to BSE listed companies, they are 
not comparable strictly with the input-output coefficients derived using National Accounts Statistics 
(NAS) sectoral classification.  
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The higher input-output coefficients for Oil and Gas, and Basic Materials are on 

expected lines since the input intensity of petroleum products in these sectors is higher 

than in other sectors, such as IT and Financial Services. However, a broadly similar 

returns pattern can be observed across all stock sectors as well as Brent crude returns 

despite higher volatility in crude returns. All the 10 stock sector returns shared a 

statistically significant and positive correlation with Brent crude returns ranging 

between 0.11 to 0.20, indicative of the presence of contagion effect from extreme 

changes in global crude oil prices (Chart 3). Excessive volatility in oil price can affect 

expected earnings even for firms that are not related to oil directly thereby affecting 

equity prices.  

Chart 3: Daily Returns - Brent Crude Price and Indian Sectoral Stock Indices 

 
Source: Bloomberg, National Stock Exchange and Bombay Stock Exchange. 

 

III. Data and Methodology  
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The time range for the paper is almost a decade and a half (14 years), from 

January 01, 2007 to December 08, 2020. The period has been chosen keeping in mind 

two aspects: a) the availability of data on most sectoral indices and b) the occurrence 

of two defining global crises of the century – the global financial crisis of 2008 and 

COVID-19 induced-recession of 2020. The data used are high-frequency daily data.  

Most of India’s crude oil imports are from the OPEC countries and Brent is their 

benchmark index. Moreover, Brent is highly correlated with West Texas Intermediate 

(WTI). Hence, daily data on International crude oil prices (Brent) has been taken from 

Bloomberg. Sources of stock indices are Bloomberg and NSE and BSE websites. The 

-10

-5

0

5

10

-4

-2

0

2

4

6

8

10

0
2
-0

1
-2

0
0
7

0
2
-0

7
-2

0
0
7

0
2
-0

1
-2

0
0
8

0
2
-0

7
-2

0
0
8

0
2
-0

1
-2

0
0
9

0
2
-0

7
-2

0
0
9

0
2
-0

1
-2

0
1
0

0
2
-0

7
-2

0
1
0

0
2
-0

1
-2

0
1
1

0
2
-0

7
-2

0
1
1

0
2
-0

1
-2

0
1
2

0
2
-0

7
-2

0
1
2

0
2
-0

1
-2

0
1
3

0
2
-0

7
-2

0
1
3

0
2
-0

1
-2

0
1
4

0
2
-0

7
-2

0
1
4

0
2
-0

1
-2

0
1
5

0
2
-0

7
-2

0
1
5

0
2
-0

1
-2

0
1
6

0
2
-0

7
-2

0
1
6

0
2
-0

1
-2

0
1
7

0
2
-0

7
-2

0
1
7

0
2
-0

1
-2

0
1
8

0
2
-0

7
-2

0
1
8

0
2
-0

1
-2

0
1
9

0
2
-0

7
-2

0
1
9

0
2
-0

1
-2

0
2
0

0
2
-0

7
-2

0
2
0

0
2
-0

1
-2

0
2
1

0
2
-0

7
-2

0
2
1

L
o
g
 D

if
fe

re
n
c
e

Lo
g 

D
if
fe

re
n
c
e

Capital Goods Consumer Durables Oil & Gas Basic Materials
IT FMCG Metal Financial Services
Auto Commodities Brent Crude (RHS)



10 
 

Nominal Exchange rate (USD/INR) is obtained from RBI and the Financial 

Benchmarks of India Private Ltd. (FBIL). Data on the long-term interest rate (G-Sec 

10-year yield) is collected from Bloomberg. The 10 sectoral stock indices used in the 

study are - Capital Goods (BSETCG), Consumer Durables (BSETCD), Basic Materials 

(BSESPBSBMIP), Oil and Gas (BSEOIL), Auto (NSEAUTO), Information technology 

(NSEIT), FMCG (NSEFMCG), Metal (NSEMETAL), Financial Services (NSEFIN) and 

Commodities (NSECMD). The rationale for the choice of above mentioned 10 sectors 

is based on their importance to the economy, extreme returns, and input-output 

coefficients (Chart 3); and weights in stock exchanges (market capitalisation) (Chart 

4). 

Chart 4: Weights of Various Sectors in NSE/BSE 

  
Source: National Stock Exchange and Bombay Stock Exchange. 

Table 1 provides a brief description of summary statistics of Brent crude oil 

prices and sectoral Indian stock indices returns. Brent shows negative mean returns 

while the returns for all 10 stock sectors are positive for the selected period of 3632 

days. But the median for all series (including Brent) is positive.  

Mean returns differ across different stock sectors with relatively higher returns 

for Consumer Durables, FMCG, and Financial Services sectors. The minimum and 

maximum values indicate Brent has the largest range of variation among all series. 

Further, the measure of standard deviation which is a primary measure of volatility 

indicates that the volatility of crude oil was the highest. Amongst stock indices, volatility 

was the highest for Metals followed by Financial Services and Oil and Gas sector. All 

series are negatively skewed (except the Capital goods sector) indicating a larger 

frequency of occurrence of negative returns than positive returns.  
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Furthermore, all the series are leptokurtic (heavier tails) indicating a higher 

probability of extreme returns. Negative skewness of nine sectors and very high 

positive kurtosis of all sectors indicate the non-normality of distributions. Moreover, the 

higher values of the Jarque-Bera3 test statistic confirm the non-normality of 

distributions. 

Table 1: Descriptive Statistics 

Sectoral 
Indices 

N Minimum Maximum 
Mean 
(%) 

Median 
(%) 

Standard 
Deviation 

Skew-
ness 

Kurtosis 
Jarque-

Bera 

Brent 3632 -27.9762 32.1169 -0.0043 0.0376 2.3958 -0.2319 24.9422 72893*** 

Oil and Gas 3632 -16.2111 17.4845 0.0227 0.0000 1.6764 -0.5118 15.1362 22448*** 

Consumer 
Durables 

3632 -12.4373 12.4785 0.0574 0.0208 1.6562 -0.3996 10.0103 7534*** 

Capital Goods 3632 -16.1848 19.8034 0.0186 0.0000 1.7554 0.1180 12.4243 13449*** 

Automobiles 3632 -14.9055 14.0046 0.0393 0.0151 1.4650 -0.2917 12.4347 13522*** 

Commodities 3632 -14.5481 15.4282 0.0222 0.0000 1.5539 -0.4906 13.4854 16784*** 

Financial 
Services 

3632 -17.3623 17.8069 0.0497 0.0000 1.8062 -0.1912 12.0165 12325*** 

FMCG 3632 -11.1998 8.3038 0.0506 0.0180 1.2201 -0.3377 10.2905 8113*** 

IT 3632 -12.4904 11.7203 0.0393 0.0000 1.5711 -0.2305 9.8598 7153*** 

Metal 3632 -13.4406 16.1869 0.0090 0.0000 2.0522 -0.2370 7.8259 3558*** 

Basic 
Materials 

3632 -14.7659 12.6158 0.0228 0.0056 1.6561 -0.5374 10.2113 8045*** 

Note: *** stands for significance at 1 per cent level. 
Source: Authors’ estimations. 

 

III.2 Methodology 

The choice of multinomial logit (MNL) framework is dictated by the flexibility 

embedded in the model. The framework enables the determination of the probability 

of excessive volatility in returns, termed exceedances in literature, occurring in global 

crude oil price and India’s stock price index at the aggregate as well as disaggregated 

sectoral levels. Also, the model allows for the incorporation of controls that might have 

contemporaneous effects on Indian sectoral stocks.  

The most challenging part of the MNL framework is estimating threshold level 

of returns required as a precondition. The Extreme Value Theory (EVT) used to identify 

centre and tails – positive and negative, of any distribution comes in handy in 

estimating the centres and tails of the returns in global crude oil price changes and 

sectoral Indian stocks. It is only when the threshold level of return that distinguishes 

normal returns from extreme returns (positive or negative) is determined that one can 

proceed with the estimation process.   

                                                           
3 Jarque-Bera test statistic is used to test the normality of a series. JB =

𝑁

6
(𝑆2 +

(𝐾−3)2

4
), where N is 

number of observations, S is skewness and K is kurtosis. 
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Mathematically, Returns = Log (
𝑃𝑡

𝑃𝑡−1
),  

where, 𝑃𝑡 is the stock price index at time period t and 

       𝑃𝑡−1 is the stock index at time period (𝑡 − 1) 

As for the threshold returns for the sectors, following Sheng Fang and Paul 

Egan (Sheng and Paul, 2017), suppose, 𝑋1, 𝑋2, 𝑋3, … . , 𝑋𝑁 are daily observations which 

are independent and identically distributed (i.i.d.). Excess returns are given by 𝑌𝑖= 𝑋𝑖− 

u for i = 1, ..., N, where N is the total number of observations above the threshold u. Y 

may approximate to the generalised Pareto distribution (GPD) as the threshold u gets 

larger (Pickands, 1975). 

               𝐺𝜉𝜓 (y) =  1- (1+  
𝜉𝑌

𝜓

−1/𝜉

)   if ξ ≠ 0                          (1) 

                            1- 𝑒−𝑦/𝜓           if ξ = 0 

In equation 1, ξ = 1/ α is the tail index and α is the shape parameter. 𝜓 is the 

scale parameter. Also, ψ > 0, and y≥0; when ξ >0, the GPD takes the form of ordinary 

Pareto distribution (heavy-tailed). 0≤y≤ 𝜓/𝜉 

When ξ < 0, it follows a Pareto II type distribution (short-tailed). And when ξ = 

0, it corresponds to the exponential distribution. 

The probability of returns over threshold u is provided below. 

𝐹𝑢(y) = Pr(X – u ≤ yǀ X > u) = 
𝐹(𝑦+𝑢)−𝐹(𝑢)

1−𝐹(𝑢)
                          (2) 

For tail of F, the equality condition would be  

F(x) = [1-F(u)] 𝐹𝑢(y) + F(u)                                                (3) 

where, F(u): probability of returns for less than u 

  Y: Excess returns 

By using the method of historical simulation, the estimate of F(u) equals (n-

N/n), where n is the sample size.  

GPD 𝐹𝑢(y) = 𝐺𝜉𝜓(y). Putting the estimates of 𝐹𝑢(y) and F(u) in equation 3 we 

have, 

F(x) =   1- 
𝑁

𝑛
 [1 + ξ

(𝑥−𝑢)

𝜓
 ]−1/ξ if 𝜉 ≠ 0                               (4) 

                                             
𝑁

𝑛
 𝑒−(𝑥−𝑢)𝜓    if 𝜉 =  0 
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III.3 The Multinomial Logit (MNL) Model 

Instances of co-exceedances point to cross-market or sectoral linkages. To 

analyse the cross-market or sectoral linkages, co-exceedances are further classified 

into different categories (m categories). As the explained variable is a qualitative 

variable, a multinomial logit model could be used to investigate the existence of 

contagion from the crude oil market to the Indian stock sectors. Logit models support 

categorical data and provide the probability of success of an event. The MNL model 

can be used to analyse the category of co-exceedances. If P (Y = i) be the probability 

associated with a category i of m possible categories, the MNL is given by 

P(Y = i ǀ X) = 𝑒𝛽𝑖𝑋/ [1+∑ 𝑒𝛽𝑗𝑋𝑚−1

𝑗=1
 ]   i= 0,1, … m                                             (5) 

where, X: vector of covariates and  

βi: vector of coefficients on the covariates.  

Y = 0, when no sector experiences exceedance at time t.  

The probability of Y = i is then gauged against the baseline outcome.  

To estimate the above equation maximum likelihood method is used as follows, 

Log L= ∑ ∑ 𝑦𝑖𝑗𝐿𝑜𝑔𝑃𝑖(𝑌 = 𝑗) = ∑ 𝑦𝑖𝑗 ∑ 𝛽𝑗𝑋𝑗 − 𝐿𝑜𝑔(1 + ∑ 𝑒𝛽𝑗𝑋𝑖))𝑚
𝑗=1

𝑚
𝑗=1

𝑛
𝑖=1

𝑚
𝑗=1

𝑛
𝑖=1      (6) 

where, 𝑦𝑖𝑗 is an indicator variable and equal to 1 if the ith observation falls into the jth 

category and zero otherwise, ∑ 𝑦𝑖𝑗
𝑚
𝑗=1 = 1. The number of parameters to be estimated 

in the model = k ˟ m, and k = number of independent variables in the model. 

The coefficients of logit models are nothing but the marginal change in the 

probability of a unit change in the independent variables to test whether this change 

is statistically significantly different from zero, 

𝜁𝑖𝑗 = 
𝛿𝑃(𝑌=𝑖)

𝛿𝑋𝑗
 = 𝛽𝑖𝑗 = 

𝛿𝑃(𝑌=𝑖

𝛿𝑋
ǀ X = X*                                                                      (7) 

where, i=1, 2, 3, … m-1; j=1,2,3, …, k and X* is the unconditional mean value of 

independent co-variate. 

 

IV. Empirical Analysis 

IV.1 Threshold/Cut-off  

As noted earlier, an appropriate threshold u is of utmost importance for 

estimation. A very high threshold (fewer observations) may help to reduce the bias but 

result in a large variance of parameter estimates, while a very low threshold (more 

observations) may make the estimates more efficient but may imply more values 
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around the centre of the distribution. The thumb rule for estimating optimal threshold 

using Empirical Mean Excess Function (EMEF) method - the EMEF statistics should 

be linear in the best threshold 𝑢0. In other words, if the slope of the EMEF 

approximation is constant when u exceeds a certain level 𝑢0, then the optimal 

threshold is em > 𝑢0. 

Threshold returns are reported in Table 2 using mean excess plots and an 

eyeball inspection approach. Two thresholds have been calculated for each stock 

sector and global crude oil price, respectively – one for the top tail of the distribution 

and the other for bottom tail. Those cases where returns are above the respective 

thresholds - top and bottom tails, are classified as positive exceedances, and those 

below the respective thresholds are classified as negative exceedances. The cases of 

simultaneous exceedances in more than one sector a day are called co-exceedances. 

There have been significant differences between optimal threshold levels of crude oil 

and stock sectors ranging from 2.02 per cent to 3.98 per cent for top tails and from -

1.77 per cent to -3.78 per cent for bottom tails. The shape parameters (α) for all 

variables have been close to zero implying that the residuals are characterised by 

Pareto distribution along both the tails. Both scale (ψ) and shape parameters (α) or tail 

index (ξ) of the GPD function for top and bottom tails are also provided in Table 2.  

Table 2: Optimal Thresholds and GPD Parameters for Brent and Stock Sectors 

Stock Indices 

Top tails (q = 95%) Bottom tails (q = 95%) 

Upper 
Threshold(u) 

Scale(ψ) Shape(α) 
Lower 

Threshold(u) 
Scale(ψ) Shape(α) 

Brent 3.98 1.547 0.235 -3.78 1.459 0.280 

Automobiles 2.14 0.742 0.233 -2.60 0.964 0.207 

Basic Materials 2.09 0.861 0.238 -2.92 1.248 0.152 

Capital Goods 2.49 1.126 0.188 -3.61 1.271 0.098 

Commodities 2.02 0.923 0.222 -2.56 1.203 0.173 

Consumer Durables 2.54 1.085 0.168 -2.58 1.324 0.155 

Financial Services 2.90 1.244 0.158 -2.40 1.314 0.173 

FMCG 2.32 0.739 0.187 -1.77 0.821 0.217 

IT 2.45 1.407 0.032 -2.04 1.313 0.109 

Metal 3.15 1.220 0.141 -3.14 1.424 0.140 

Oil and Gas 2.68 0.701 0.402 -2.50 1.052 0.318 

Source: Authors’ estimations. 

 A comparison of the threshold levels for both top and bottom tails would show 

that no stock sector in India registered volatility in returns as high as that registered by 

global crude oi price during the period considered. Significant variations were also 

observed as regard exceedances within the stock sectors. Stock sectors like Auto, 

Basic Materials, Capital Goods, Commodities and Consumer Durables registered 

higher negative exceedances compared with sectors like Financial Services, FMCG, 
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IT, Metal and Oil and Gas Sectors. The Maximum Likelihood Method is used to 

estimate the shape and scale parameters. 

IV.2 Exceedances and Co-exceedances 

As mentioned already, the determination of threshold volatility/returns is the 

distinctive feature of the paper. As per standard practice in volatility analyses using 

MNL, exceedance or extreme volatility/return is defined as the ones that lie above or 

below the threshold levels, called positive or negative exceedances. On the other 

hand, co-exceedance is said to have happened when exceedance occurred in more 

than two sectors on the same day.  

Not only had the number of days of co-exceedances for the respective groups 

been counted, but also the sectors that experience exceedances and how often they 

occur during the sample period. Based on frequency, co-exceedances (positive/ 

negative) have been categorised into five categories (Table 3: a and b). Of the 3632 

trading days of the sample period, there were 706 days when positive 

contemporaneous exceedances were observed among the stock sectors as against 

609 days of negative contemporaneous exceedances. At least two (2) sectors 

registered positive co-exceedances on 461 days as depicted in Group 2 and negative 

co-exceedances on 399 days (Table 3: a-b; Chart 5: a-b). This is indicative of the 

dominance of positive exceedances in sectoral returns. Basic Materials and 

Commodities sectors realised higher positive co-exceedances across all groups 

closely followed by Capital Goods, Financial Services, Metals, Automobiles, and Oil 

and Gas sectors compared with relatively lower positive co-exceedances for 

Consumer Durables, FMCGs, and IT stocks.  

Table 3a: Summary Statistics for Positive Co-exceedances for Stock Sectors 

Source: Authors’ estimations. 

  

Sectors 

Number of Positive Co-exceedances 

Group 1 
(0) 

Group 2 
(1-2) 

Group 3 
(3-4) 

Group 4 
(5-6) 

Group 5 
(7+) 

Automobiles 2923 55 32 36 33 

Basic Materials 2923 83 65 53 38 

Capital Goods 2923 41 40 41 39 

Consumer Durables 2923 34 32 24 29 

Commodities 2923 56 71 51 39 

Financial Services 2923 28 34 36 39 

FMCG 2923 28 9 18 22 

IT 2923 32 20 25 30 

Metals 2923 45 37 42 35 

Oil and Gas 2923 29 39 34 35 

Total 2923 461 115 64 69 
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Table 3b: Summary Statistics for Negative Co-exceedances for Stock Sectors 

Source: Authors’ estimations. 

While the relatively low positive co-exceedances of the IT sector may be 

attributed to the sector’s relatively lesser volatile returns. This in turn can also be 

attributed to the relatively less prospect of profits for the sector being affected by 

volatility in global crude oil prices. The negligible input ratio for crude oil in the IT sector 

and its maturity in terms of competitiveness, size, stature, and as a brand with global 

reckoning further corroborate this observation. In fact, the sector has outperformed 

other sectors during periods of crisis such as pandemics.  

As regards both FMCG and Consumer durables, their relatively fewer positive 

co-exceedances can be attributed to the dynamics of demand and supply, sensitive to 

preference but relatively stable in the short run, hence more credible and less volatile 

for the investor. For the negative co-exceedances, though there was no sector that 

dominated all the groups, sectors like Financial Services, Metals, Commodities, and 

Basic Metals registered higher co-exceedances compared to sectors like IT, Oil, and 

Gas, FMCGs, Consumer Durables, Automobiles, and Capital Goods. Broadly, sectors 

that registered higher positive co-exceedances were also sectors that registered lower 

negative co-exceedances.  

However, there has been an asymmetry with Basic Metals, Commodities, and 

Metal registering high negative as well as positive co-exceedances and relatively low 

but stable distribution for the Oil and Gas sector on both sides. For Basic Metals, 

Commodities and Metals, this can be gauged in terms of the cash flow and input costs 

channels from these sectors to other sectors, such as chemicals, petrochemicals, 

fertilisers, and cement.  

As regards, Oil and Gas stock sector, instances of co-exceedances were lower 

than expected. Ideally, extreme volatility witnessed in international crude oil prices 

should have reflected in higher exceedances and co-exceedances in Indian Oil and 

Sectors 

Number of Negative Co-exceedances 

Group 1 
(0) 

Group 2 
(1-2) 

Group 3 
(3-4) 

Group 4 
(5-6) 

Group 5 
(7+) 

Automobiles 3023 19 14 19 52 

Basic Materials 3023 17 20 48 60 

Capital Goods 3023 13 10 20 49 

Consumer Durables 3023 36 13 26 53 

Commodities 3023 25 26 48 60 

Financial Services 3023 73 25 42 58 

FMCG 3023 43 23 24 43 

IT 3023 46 16 28 54 

Metals 3023 38 27 46 58 

Oil and Gas 3023 28 17 38 58 

Total 3023 399 83 40 87 
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Gas stock sector returns given India’s high dependency on imported crude oil and as 

petroleum products account for around 68 per cent of the input costs in Oil and Gas 

sector as per NAS-based industry classification input-output matrix of India. The 

relatively stable stock returns for Oil and Gas sector may be reflective of administrative 

price mechanism of oil and fuel during much of the period under study which may have 

not only impeded smoother pass-through of changes in global crude oil prices to 

domestic market with implications on the prospects of profit for oil marketing 

companies and the stock returns.4 It is worth noting that as the number of stock sectors 

considered are enlarged (Group 4/5, Table 3:a and b), the days of co-exceedances 

increased for both the tails. This may be reflective of the fact that petroleum products 

are used as inputs in various other ancillary sectors. The by-products of crude 

petroleum like petrol, diesel, kerosene, and other petrochemicals are also used as 

inputs in other industries like cement, fertiliser, chemicals, tyre and paints, among 

others. Petroleum products are also used in fertiliser industries up to 10 per cent as 

input, 4-7 per cent in chemical industries, and 7 per cent in cement industries.    

Chart 5: Sectoral Positive and Negative Co-exceedances 

  
Source: Authors’ estimations. 

 

As it emerged, there was not a single stock sector that had not experienced co-

exceedances during the period under study. Six (6) stock sectors are likely to 

experience more positive co-exceedances on any given day than negative co-

exceedances while three stock sectors higher negative co-exceedances indicating 

asymmetry in the distribution. The occurrence of high co-exceedances – positive or 

negative, among the 10 stock sectors suggests that the 10 sectors form part of the tail 

of the distribution and that there exists a strong contagion within sectors. 

                                                           
4 The use of time-varying threshold framework is expected to help better capture exceedances and co-
exceedances, especially for Oil and Gas stock sector since oil and fuel price deregulation has been 
affected more expeditiously in recent years. 
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IV.3 Regression Results of MNL 

In the MNL framework, the coefficients are gauged assuming one of the 

categories as a base. The base category is assumed in turn to have no coefficient. 

Also, as in the previous section, the 10 sectors are classified into five groups 

depending on exceedances/co-exceedances, namely, base category, categories 

1….4, respectively. The MNL model gives four coefficients for each covariate except 

the base category, denoted as βi1, βi2, βi3, βi4 where i denotes the covariate i, 

representing one or two sectors experiencing exceedances contemporaneously, three 

or four sectors, five or six sectors, and seven or more sectors, respectively. The 

estimated coefficients are gauged against the base category.  

Table 4: Contagion from Crude Oil Market to Indian Sectoral Stocks 

Parameters Variables 
Positive Co-exceedances Negative Co-exceedances 

Coefficients p values Coefficients p values 

β 01 

Constant 

1.952*** 0.000 2.135*** 0.000 

β 02 3.343*** 0.000 3.677*** 0.000 

β 03 4.020*** 0.000 4.554*** 0.000 

β 04 4.094*** 0.000 4.006*** 0.000 

β 11 

Brent 

0.084*** 0.000 -0.108*** 0.000 

β 12 0.137*** 0.000 -0.019 0.692 

β 13 0.145** 0.001 -0.205*** 0.000 

β 14 0.096** 0.014 -0.309*** 0.000 

β 21 

Volatility 

0.016*** 0.000 0.016*** 0.000 

β 22 0.013 0.117 0.014 0.084 

β 23 0.023** 0.001 0.022** 0.011 

β 24 0.037*** 0.000 0.026*** 0.000 

Log-likelihood 91.669** 135.913** 

Pseudo R2 .033%** .052%** 

Note: Volatility is the conditional variance of Brent returns, from ARCH (1,1), GARCH (1,1) 
model. ***, ** and * denote levels of significance at 1, 5 and 10 per cent, respectively. 
Source: Authors’ estimations. 

The two covariates so selected – by estimating top and bottom tails, for 

estimating contagion to Indian stock sectors from the crude oil market on which the 

MNL regression is run are oil price exceedances and oil price conditional volatility, 

respectively. As it emerged, for the positive co-exceedances, the regression 

coefficients on crude oil price exceedances were positive and statistically significant 

at levels ranging between 1 or 5 per cent for co-exceedances in all the 10 stock sectors 

categorised under Groups 1 to 5. This indicates that all the 10 stock sectors are likely 

to experience positive co-exceedances when faced with extreme positive returns in 

global oil markets. As against this, for negative co-exceedances, the coefficients are 

negative and significant for eight stock sectors, barring stock sectors in Group 3. The 

negative sign of the coefficients for negative co-exceedances indicates that in three or 

more stock sectors the probability of exceedances occurring simultaneously reduces 
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when faced with extreme negative returns in oil markets. This is indicative of the 

dominance of positive co-exceedances in Indian stock sectors due to global crude oil 

returns exceedances. Likewise, the observation – higher the volatility of oil returns 

measured in terms of conditional variance, the higher is the probability of 

contemporaneous exceedances in three or more sectors, significant at 1 per cent 

level, are along expected line. These observed near total co-exceedances across all 

10 stock sectors contemporaneous with crude oil returns exceedances – positive or 

negative, point to the existence of a strong contagion effect between global oil price 

exceedances and exceedances in Indian stock sectors (Table 4).  

For enhancing the robustness, and to avoid endogeneity arising out of omission 

of relevant variables as the regression pertains only to oil-related variables, three 

variables affecting stock markets have been identified as controls. This approach is in 

line with the literature (Fang and Egan, 2018). These are returns on the INR-USD 

exchange rate, 10-Years G-Sec Yield, and Small Minus Big (SMB)5 difference in the 

yield for small and big firms.  

The choice of these variables is driven by various factors. First, both foreign 

exchange and stock markets are highly volatile and are the most traded financial 

markets. Secondly, as per the ‘portfolio rebalancing approach’, the bond market also 

affects the returns in the stock market. Government bonds are risk-free but have lesser 

returns while stocks are risky but have higher returns. When government bond yield 

rises, it may impact stock market as higher bond yield would attract more investment. 

Thirdly, the small minus big (SMB) model is an important stock pricing model, 

according to which if a portfolio has more small-cap companies in it, it should 

outperform the market over the long run.  

As expected, after incorporating these three control variables, the Pseudo R2 

improved significantly from 0.033 to 0.1 for positive co-exceedances, and from 0.052 

to 0.12 for negative co-exceedances pointing that these factors also wield an impact 

on sector co-exceedances. Further, with these control variables, the predictive power 

of exceedances of covariance for oil returns for stock sectors co-exceedances 

improved for categories 3-4 for positive co-exceedances and categories 1-4 for 

negative co-exceedances (Table 5). 

  

                                                           
5 SMB is a factor in the Fama/French stock pricing model according to which smaller companies 
outperform larger ones over the long-term. SMB is calculated as the difference in annual returns of BSE 
Large cap and Small cap companies.  
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Table 5: Contagion from Oil Market to Indian Stock Sector- with Control Variable 

Beta 
Positive Co-exceedances  Negative Co-exceedances 

Constant/ Variables Coefficients p-value Coefficients p-value 

β 01 

Constant 

-1.837*** 0.000 -4.238*** 0.000 

β 02 -2.421** 0.013 -5.266*** 0.000 

β 03 -5.825*** 0.000 -5.869** 0.001 

β 04 -4.837*** 0.000 -4.798*** 0.000 

β 11 

Brent 

0.074** 0.001 -0.097*** 0.000 

β 12 0.122** 0.001 -0.004 0.927 

β 13 0.136** 0.002 -0.162** 0.005 

β 14 0.078* 0.056 -0.269*** 0.000 

β 21 

Volatility 

0.016*** 0.000 0.021*** 0.000 

β 22 0.009 0.312 0.017* 0.053 

β 23 0.027** 0.001 0.026** 0.008 

β 24 0.039*** 0.000 0.029*** 0.000 

β 31 

Exchange Rate 
Returns 

-0.650*** 0.000 0.626*** 0.000 

β 32 -1.033*** 0.000 1.230*** 0.000 

β 33 -1.511*** 0.000 2.093*** 0.000 

β 34 -1.818*** 0.000 1.624*** 0.000 

β 41 

G-Sec 10-Year Yield 

-0.016 0.814 0.269*** 0.000 

β 42 -0.125 0.318 0.188 0.216 

β 43 0.199 0.256 0.110 0.619 

β 44 0.024 0.889 0.071 0.644 

β 51 

SMB 

0.000 0.968 -0.007** 0.009 

β 52 -0.008* 0.092 -0.011* 0.060 

β 53 -0.028** 0.001 0.002 0.775 

β 54 -0.043*** 0.000 -0.007 0.234 

LR 282.202*** 0.000 308.754*** 0.000 

Pseudo R2 0.100   0.115   

Note: Volatility is the conditional variance of Brent returns, from ARCH (1,1) and GARCH 
(1,1) model. *, ** and *** denote level of significance at 10, 5 and 1 per cent respectively. 
Source: Authors’ estimations. 
 

 

This observed tendency for co-exceedances among sectoral stock indices with 

exceedances in oil returns and the control variables, reinforced by the significance of 

log-likelihood tests for positive and negative co-exceedances, confirms the existence 

of contagion effect to Indian stock sectors not only from global oil returns and their 

conditional volatility but also from the control variables introduced. These observations 

also indicate that for India, the financial attribute of crude oil is significant and 

operating. The estimated coefficients on INR-USD exchange rate exceedances were 

the highest. This points to higher contagion effects from extreme fluctuations in INR-

USD exchange rate to India stock sectors compared with global crude oil returns 

reflecting the dynamic reality of Indian economy i.e., more than 80 per cent of India’s 

exports and imports are invoiced in USD while more than 80 per cent of India’s 

consumption demand for fuel is met through imports. It is but also natural to expect 
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that extreme movements in the benchmark 10-year G-sec yield - the channel for 

integration of various segments of the domestic financial market and the link between 

domestic and external financial markets, would have an impact on Indian stock 

markets, as also, the operation of yield differential between small and big firms as 

propounded by the SMB model for a financial market like India that has become fairly 

large and integrated with the global financial system. 

In fact, the contagion effects of crude oil exceedances extend beyond the 

financial sector to real and macro-economic variables. According to an estimate by the 

Reserve Bank of India (RBI, 2022), at 10 per cent above the baseline of USD 100 per 

barrel for global crude oil price, domestic inflation and growth in India could be higher 

by around 30 bps and weaker by around 20 bps, respectively.   

 

V. Conclusions 

While most studies till now have focused on examining the relationship between 

global crude oil prices and macro-economic variables, this paper attempts to measure 

the contagion impact of extreme changes in global crude oil prices on 10 composite 

sectoral indices of the Indian stock markets.  

The paper used generalised Pareto distribution to distinguish normal return 

from excessive returns by determining threshold returns, and in turn, positive and 

negative excess returns, namely exceedances. The probability of return exceedances 

contemporaneously occurring in these 10 sectoral indices along with exceedances in 

the Brent returns was tested using a multinomial logit framework.  

The paper found strong statistical evidence of the likelihood of contagion effects 

from extreme changes in global crude oil price getting transmitted to sectoral indices 

of Indian stock markets. Of the two oil exceedances – positive and negative, the 

contagion effect of positive oil exceedances was not only dominating as indicated by 

the higher magnitude of the positive coefficients but was seen impacting all 10 sectoral 

stock indices compared with seven in the case of negative oil exceedances. The 

findings of the paper suggested that there might be other factors prompting a higher 

and more pervasive contagion on the sectoral stocks in the Indian market, the case in 

point being the INR/USD market. 

The paper used a non-time varying threshold. Using a time-varying threshold 

may be an improvement as it would capture the fast-changing dynamics of the global 

as well as domestic financial and commodity markets; an issue that can be explored 

in the future work on this subject. Also, the paper examined the asymmetric aspect of 

the contagion effect on sectoral indices only partially. Notwithstanding these 

limitations, the paper underscores the contagion impact of extreme changes in global 
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crude oil price on Indian sectoral stock indices in a pervasive manner. It also indicates 

the need for investors in Indian stock markets to hedge their portfolios as a mere 

diversification of portfolios may not be sufficient to protect their assets from an adverse 

oil price shock. Also, given India’s import dependence on crude oil and the observed 

co-exceedances, any negative stock may lead to a decline in market capitalisation and 

loss of wealth for investors.  

Thus, the need for oil proofing the Indian economy – its financial and real 

sectors, from shocks or adverse geopolitical events cannot be overstated. This also 

points to the need for a policy for promoting energy security and sustainability. This 

calls for rapid investments in other alternative energy sources for which India has the 

potential of being self-sustainable. It would also be prudent on the part of regulators 

to be vigilant of the potential contagion from global crude oil price movements given 

their wider implications for systemic financial stability.   
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