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FINANCIAL ECONOMICS | RESEARCH ARTICLE

Firm age and crude oil returns: Stock price 
sensitivity of oil-producing and consuming 
companies
Hirofumi Nishi1*

Abstract:  This study aims to identify firm characteristics that affect the cross-firm 
variation in oil–stock interactions. A panel data analysis with a sample of U.S. and 
Canadian firms reveals that the stock price sensitivity to crude oil price returns is 
negatively and significantly associated with firm age. Contrary to a common belief, 
firm size or stock liquidity does not seem to influence heterogeneity in oil–stock 
relationships. My finding is consistent across oil-producing and consuming compa-
nies while the effect of firm age is not observed among financial institutions 
engaged in commodity trading. An additional test using the panel Granger causality 
approach shows no lagged effect of oil market movement on the oil and gas 
extraction firms, suggesting their prompt response to market information.

Subjects: Energy policy and economics; Econometrics; Investment & Securities  

Keywords: Crude oil price; stock returns; firm age; panel causality

GEL Classification: C32; G12; G13

1. Introduction
The development of the oil price is one of the macroeconomic factors common to all firms yet 
heterogeneous in effect. This article investigates how changes in the crude oil price affect stock 
prices at the firm level and whether variation in oil–stock relationships is associated with specific 
firm characteristics. These questions are worthy of investigation as the impact of oil price move-
ment is among the issues of utmost relevance to economy and businesses. For example, Hamilton 
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(1983) indicates that increases in the crude oil price preceded the most of the recessions in the 
U.S. between 1948 and 1972. A more recent study by Kilian and Park (2009) suggests that 
approximately 22% of the variation in U.S. stock returns between 1975 and 2006 is attributable 
to the fundamental shocks in oil demand and supply.1 In addition, today’s investors manage 
portfolios including a wide range of asset classes beyond traditional stocks and fixed-income 
securities (Singleton, 2014; Tang & Xiong, 2012). Understanding the dynamics between stock 
and commodity prices is increasingly more important for us.

Earlier studies on the impact of the oil price on financial markets focus on broad-based market 
indexes, where the causality test based on Granger’s (1969) approach is typically adopted (e.g., 
Huang et al., 1996; Jones & Kaul, 1996; Sadorsky, 1999). Sector-level analyses are also introduced 
in later studies, and the standard market model augmented by the oil price factor is commonly 
used (e.g., Boyer & Filion, 2007; El-Sharif et al., 2005; Mohanty & Nandha, 2011; Sadorsky, 2001). 
Although these studies provide useful insight in market dynamics from macro perspectives, they 
do not necessarily answer my specific research questions.2 The lack of attention to the cross-firm 
heterogeneity in literature motivates me to conduct an analysis with firm-level granularity.

This study utilizes the panel data regression models to analyze the contemporaneous associa-
tion between the oil–stock relationship and firm characteristics. The firm-specific attributes exam-
ined are firm age, firm size, liquidity of a firm’s stock, and a firm’s sensitivity to the overall equity 
market. The dynamic, or lagged, effect of oil price returns on stock prices is examined using the 
Dumitrescu and Hurlin (2012) panel Granger causality test. Due to its small-sample properties and 
relative simplicity, the Dumitrescu-Hurlin test has gained popularity in recent financial studies (e.g., 
Naik & Padhi, 2015; Shahbaz et al., 2015 among others).

The value of a firm’s stock is theoretically equal to the sum of its discounted future cash flows. If 
the firm’s operations are vulnerable to changes in energy markets, its stock valuation should be 
linked to the crude oil or natural gas prices more directly. Accordingly, much of the previous work 
on oil-stock linkages specifically examines the oil and gas industries (e.g., El-Sharif et al., 2005; 
Gupta, 2016; Mohanty & Nandha, 2011; Ramos & Veiga, 2011; Sadorsky, 2001). Following these 
studies, my analysis mainly focuses on oil and gas extraction companies. Limiting the scope of the 
study to relevant industries, instead of covering all the sectors, is meaningful because the purpose 
of this paper is to conduct an in-depth analysis at the firm level. For a comparison purpose, I also 
include other firms closely related to energy prices: petroleum products manufacturing, electric 
and gas utilities, and transportation. The selection of firms in this study is consistent with Bartov 
et al. (1996), which define the “oil-price sensitive firms” to control for influences of oil price shock. 
Lastly, the financial institutions engaged in commodity trading activities are added to the analysis.

The present article makes a twofold contribution. First, this study extends literature by examin-
ing the linkage between the returns of the crude oil price and stock prices at the firm level. 
A pretest using a multifactor asset pricing model suggests that the NYMEX WTI light sweet 
crude oil (NYMEX/WTI) futures contract price returns significantly impact the returns of the over-
whelming majority of the oil-price sensitive firms in the U.S. and Canada. While this is consistent 
with the previous research, my study further adopts the panel regression analysis to identify the 
firm characteristics that affect the oil–stock interactions.

Second, this study connects two strands of literature, firm age and oil-stock linkages, which 
seem to have developed separately despite their relevance to each other. The panel regression 
analysis in this article reveals that young firms are more sensitive to the oil price movement than 
their more mature counterparts. My finding accords with the notion that the valuation of 
a younger firm is more subjective and difficult to arbitrage due to a limited earnings history 
coupled with seemingly unlimited growth potential (Baker & Wurgler, 2006; Chen et al., 2019). 
I believe that such challenge results in investors placing a greater weight on market-wide infor-
mation when assessing a young firm.
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The remainder of this paper is organized as following. Section 2 reviews the literature on the oil– 
stock interactions and the effect of firm age in investor decisions from various perspectives. Section 3 
presents descriptive statistics of data. Section 4 describes the methodology used in my analysis and 
the empirical results on firm characteristics affecting variation in the contemporaneous as well as 
lagged effects of the oil price on stock returns. Section 5 provides concluding remarks.

2. Related literature

2.1. Oil-stock relationships
The pivotal role of oil prices in economy has prompted a volume of literature investigating the 
linkages between crude oil prices and macroeconomic variables (e.g., Hamilton, 1983; Hooker, 
1996). Since the seminal work by Jones and Kaul (1996), empirical studies on the causal link 
between the oil prices and financial markets have burgeoned. Using the Producer Price Index for 
fuels as a proxy of the oil price, Jones and Kaul (1996) report that stock returns in the U.S. and 
Canada were negatively impacted by oil prices. In contrast, Huang et al. (1996) find no evidence of 
a causal relationship between crude oil futures price returns and the broad-based market returns, 
except in the case of oil companies. Using the U.S. industrial output data, interest rate, and real oil 
prices, Sadorsky (1999) concludes that the increase in the oil price negatively affects stock returns 
in the U.S. while stock returns positively impact the interest rate and industrial output.

While earlier studies focus on the effect of the oil price on broad-market indexes, more recent 
research recognizes cross-sector heterogeneity in stock market sensitivity and conducts empirical 
tests at the sector level. For example, Sadorsky (2001) concludes that oil and gas stock prices are 
positively affected by the increase in the oil price as well as increases in the broad-based market 
indexes. Likewise, Boyer and Filion (2007) suggest that the energy stock returns are positively 
associated with crude oil and natural gas prices and negatively associated with interest rates. 
Focusing on the alternative energy companies, Henriques and Sadorsky (2008) show that technol-
ogy stock prices and crude oil prices individually impact alternative energy stocks.

Researchers have also analyzed the oil-stock causal link using the data from the regions other 
than the North America. El-Sharif et al. (2005) report positive relationship between oil price return 
and energy-stock returns in the United Kingdom. Nandha and Faff (2008) analyze 35 industry 
sectors globally and show that the stock price returns are negatively impacted by increases in oil 
prices with the exception of mining, oil and natural gas industries. Arouri and Nguyen (2010) 
examine short-term linkages in the sector-by-sector levels in Europe and suggest that there is 
either unidirectional or bidirectional causality between the stock price returns and oil price 
changes, depending on the sector.3 Ramos and Veiga (2011) report that oil and gas stocks in 
developed countries respond more strongly to oil price changes than those in developing countries. 
Regardless of the country or region, virtually all of the sector-level studies share a common 
conclusion; oil price changes positively affect the aggregate returns of oil and gas industries 
while negative association is observed for other industries. This is quite reasonable because the 
revenues of energy firms heavily depend on the price levels of oil and natural gas. Conversely, 
increases in energy prices mean higher costs for the firms in other industries.

Relatively little statistical work has been done to investigate the oil–stock interactions with 
firm-level granularity. While none of the extent studies to my knowledge explicitly examines 
firm age as a factor possibly affecting the oil–stock relationships, some studies report signifi-
cant effect of firm size. For example, Narayan and Sharma (2011) show that the contempora-
neous effect of oil prices is stronger on large-company stocks than small-company stocks while 
lagged effect of oil price returns is not associated with specific firm characteristics. Analyzing 
bidirectional oil–stock relationships, Lv et al. (2020) indicate that the stock returns of large 
petrochemical companies in the U.S. and China have positive impact on oil price movement 
while those of smaller firms do not.
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Country and industry-level factors likewise affect the oil–stock relationship at the firm level. For 
example, Kang et al. (2017) examine seven major integrated oil and gas companies, and show that 
the effect of oil price shocks on stock returns are amplified by shocks to economic policy uncer-
tainty. Similarly, a research by Gupta (2016) indicates that the stock returns of the oil and gas 
companies operating in competitive industries or located in high oil-producing countries are more 
sensitive to oil price shocks.

2.2. Effect of firm age
As stated earlier, this article aims to bridge two strands of literature: oil-stock linkages and firm 
age. Although I specifically focus on the crude oil price as the source of market information, there 
exists a number of studies analyzing the relationships between firm age and investor decisions 
from various perspectives. In general, it is more difficult for investors to assess younger firms due 
to adverse selection problems. Morellec and Schürhoff (2011) suggest that a young firm lacks 
established relations with capital markets and therefore suffers from higher cost of external 
financing. In contrast, Pástor and Veronesi (2003) report that young firms’ market-to-book ratios 
can be overvalued due to uncertainty about their future profitability.

One way to observe the effect of firm age more directly is to examine whether the stocks of 
young and mature firms show different reactions to macroeconomic factors. It is widely known 
that firm age is closely related with the impact of market sentiment on investor decisions. That is, 
the effect of investor sentiment tends to be stronger for younger firms than mature firms (Baker & 
Wurgler, 2006; Chen et al., 2019). Mian and Sankaraguruswamy (2012) suggest that strong stock 
responses to earnings reports during high sentiment periods are even more pronounced for 
younger stocks. A similar research by Vieira (2011) shows that the impact of investor sentiment 
to the stock reaction to dividend-change announcements is greater for a younger firm in the UK. 
Investor sentiment also affects the timing of a firm issuing seasoned equity. Chen et al. (2019) 
show that a young firm is more likely to issue equity when market sentiment is high.

Studies show that firm age also influences analyst forecasts. For example, it is known that there is 
a close relationship between firm age and forecast revision timeliness. Jennings et al. (2017) show that 
analysts revise earnings-per-share forecasts more quickly for younger firms, firms with higher institu-
tional ownership, and firms with lower ROAs. Similarly, Griffin et al. (2020) report that forecast revisions 
occur more frequently for younger firms and firms with less corporate social responsibility (CSR) 
disclosure. Moreover, Ertimur et al. (2011) show that analysts are more likely to produce disaggregated 
revenue estimates for young firms. One implication from these findings is that investors expect 
analysts to provide more detailed and frequently updated information with respect to younger firms. 
This view provides an additional explanation for the empirical result in this paper that the stock returns 
of young oil-producing and consuming companies are more responsive to market-wide news.

3. Data

3.1. Industry classifications and scope of the analysis
The firms are selected based on the classifications by the North American Industry Classification 
System (NAICS). Since 1997, the NAICS has been adopted by federal statistical agencies to replace 
the Standard Industrial Classification (SIC) system. As stated in Section 1, the primary focus of this 
study is the effect of oil price returns on the oil and gas extraction firms, for which the first four 
digits of the NAICS code are 2111. The U.S. Bureau of Labor Statistics explains that the operations 
of a firm in this sector involve “exploration for crude petroleum and natural gas, drilling, complet-
ing, and equipping wells, operating separators, emulsion breakers, desilting equipment, and field 
gathering lines for crude petroleum and natural gas, and all other activities in the preparation of oil 
and gas up to the point of shipment from the producing property.” The future cash flows of an 
extraction company can be directly impacted by oil price movement. For convenience, this industry 
is referred to as “Group #1” throughout the rest of the paper.
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Our analysis also includes other oil-price sensitive industries, in which firm’s operations are closely 
related to energy prices. These include the utilities associated with electric power generation, 
transmission, and distribution (NAICS: 2211), the utilities that operate natural gas distribution 
(NAICS: 2212), and the petroleum products manufacturing (NAICS: 3241). Some of them are vertically 
integrated oil and gas companies with highly diversified lines of business (e.g., ExxonMobil), where 
a firm’s investment opportunity may not be impacted significantly by the oil price return alone. All the 
transportation firms, including the pipeline firms for crude oil (NAICS: 4861) and natural gas (NAICS: 
4862), are included. To avoid a small-sample issue, these industries are combined into one group and 
tested together. They are collectively referred to as “Group #2” in the remainder of the paper.

The third group examined consists of the financial institutions that possibly trade energy 
derivatives (e.g., crude oil futures). These firms are found in the securities and commodity 
contracts intermediation and other financial investments and related activities (NAICS: 523).4 

Due to the speculative nature of their involvement in energy markets, the firms in this sub- 
sector are tested separately as “Group #3.” With Groups #1, #2, and #3 combined, the data 
associated with a total of 660 firms are collected. All of these firms are headquartered in the 
U.S. or Canada.

3.2. Data collection and summary statistics
This study utilizes U.S. crude oil futures and stock market data observed between January 2007 and 
December 2019. This particular period covers one economic cycle including the financial crisis of 
2007–2008, the most recent economic recession that the U.S. economy experienced. The daily prices 
of the NYMEX/WTI futures contract were obtained from the Energy Information Administration (EIA) 
of the U.S. Department of Energy. Following Fama and French (1987), a continuous series of the 
NYMEX/WTI futures price is constructed using the nearest-to-delivery contracts. The daily stock prices 
of individual firms come from the Center for Research in Security Prices (CRSP). The financial state-
ment data are collected from the Compustat North America database.

Table 1 summarizes the daily price of the NYMEX/WTI futures contract (Panel A) and the value- 
weighted daily stock price return of the oil and gas extractives sector (Panel B), both between 
January 2007 and December 2019. For intuitiveness, Panel A presents the crude oil price level (in 
U.S. dollars) instead of the percentage return. Figure 1 provides visual representation of the time series 
of these variables in slightly different ways. The left axis of the chart indicates the level of the total 
market capitalizations (in billions of dollars) consisting of the oil and gas extractives firms while the 
right axis indicates the price level (in dollars) of the nearest-to-delivery NYMEX/WTI futures contract. 
All the data are on a daily basis. At a glance, these markets overall appear to have moved in tandem 
during most of the sample period, except during the period of market turmoil in 2008.

The series of weekly log differences (i.e., log returns) are constructed based on the daily stock 
prices of an individual firms and the NYMEX/WTI futures price, observed on the same day. The 
weekly data were retrieved from every Tuesday; if Tuesday was not available (e.g., non-trading 
day), then Wednesday was used. If both Tuesday and Wednesday were unavailable, then Monday 
is used. This strategy ensures that each price change is encompassed about seven days.5 The 
purpose of this article is to investigate idiosyncratic firm characteristics that may contribute to the 
variation in the oil–stock relationships. These firm-specific variables are following:

(1) Firm age: As a proxy of a firm’s age, I obtained the number of years the firm has been listed in 
CRSP.

(2) Firm size: A firm’s market capitalization is determined as the average of the firm’s share 
price multiplied by the number of common shares outstanding.

(3) Stock liquidity: The average of a firm’s daily transaction volumes during the sample period is 
calculated. I believe that the transaction volume effectively measures the liquidity of the 
stock issued by each firm.
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(4) Systematic risk: This variable is included to incorporate the variation in stock return sensi-
tivity to the overall market, and I use the average of a firm’s beta on the excess return on 
the market during the sample period as a proxy. Following Fama and French (1993), the 
market return is determined as the CRSP value-weighted stock returns. The market beta of 
each firm was estimated with a 252-day window.

Table 2 presents the summary of the firm-specific variables observed during the sample period, 
sorted by the group of industries described in Section 1. In order to create a balanced panel 
dataset, the firms included in this study must have accounting and stock price information for the 
entire sample period. This automatically eliminates the firms that have been listed in CRSP for less 
than 13 years, reducing the number of firms to 243.

As presented in Table 3, the correlation coefficients of the variables within each of Groups #1, #2, 
and #3 are relatively low. To ensure the validity of the regression results, I also check the presence 
of multicollinearity among these variables. Based on the variance inflation factors (VIFs) shown in 
the sixth column of Table 3, I conclude that multicollinearity is not present in any of the subgroups. 
For example, Panel A (i.e., Group #1) shows that the VIFs for the variables in the model range from 
1.30 to 2.92, which is substantially below the widely accepted threshold.

3.3. Unit root tests
In order to perform an analysis with a vector autoregressive (VAR) framework, all the time-series data 
involved in the system must be integrated of the same order. The order of integration of each time series 
was examined using the augmented Dickey and Fuller (1979, ADF) test. The ADF test is a one-sided left 
tail test and its null hypothesis is rejected if the test statistic is below the critical value for the intended 
confidence interval. The Phillips and Perron (1988, PP) test was also performed as an alternative method. 
In both the ADF and the PP tests, rejecting the null hypothesis means that a variable is stationary.6

The results of the unit-root tests on the weekly crude oil and the stock prices, in levels and with 
log differences, are reported in Table 4. The table also includes the unit-root test results on the 
value-weighted weekly returns of the S&P 500 Index during the same period. Although it is 
customary to include first-differenced values in a unit root test, this study instead examines the 

Figure 1. Crude oil price and 
market capitalization of oil and 
gas extractives firms.

The left axis of the chart indi-
cates the daily level of the 
aggregated market capitaliza-
tions (in billions of dollars) 
consisting of the firms in the oil 
and gas extraction sub-sector 
between January 2008 and 
December 2019. Market capi-
talization for each firm is 
determined as the number of 
common shares outstanding 
multiplied by the share price. 
The right axis indicates the 
daily price level (in dollars) of 
the nearest-to-delivery NYMEX/ 
WTI futures contract during 
the same period. 
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log differences (i.e., log returns) of prices as they are of more relevance to this study. Due to a large 
number of the firms involved, the table only includes one firm from each industry.

Based on both the ADF and the PP tests, the NYMEX/WTI futures price, the S&P 500 Index, and 
the prices of all the stocks listed in this table are shown to be non-stationary in levels. The unit root 
tests on the rest of the firms overall indicate similar results.7 When the tests are performed on the 
log return series, the null hypothesis of non-stationarity is rejected at the significance level of 1% 
with respect to the NYMEX/WTI futures price, the S&P 500 Index, and the prices of all the individual 
stocks. The test statistics shown in the table are determined with one additional lag of the first- 
differenced variable (the ADF test) or one Newey-West lag (the PP test). Nevertheless, the test 
results are robust to different lag-length specifications as well as the inclusion of a time trend. All 
the regression tests in the subsequent section are conducted using the log returns.

Table 2. Summary of firm-specific characteristics by group
Panel A: Oil and gas extraction

Number of firms Min Max Mean Std. Dev.

Firm’s age 56 13 95 30.15 19.16

Market 
capitalization ($ 
in million)

56 5 82,100 9,050 15,200

Stock liquidity 
(shares in 
thousand)

56 2 23,500 2,672 3,783

Beta on market 
return

56 0.419 2.036 1.353 0.365

Panel B: Petroleum, electric and gas utilities, and transportation
Number of firms Min Max Mean Std. Dev.

Firm’s age 119 13 95 44.29 24.64

Market 
capitalization ($ 
in million)

119 14 375,000 14,700 39,500

Stock liquidity 
(shares in 
thousand)

119 3 18,300 1,820 2,644

Beta on market 
return

119 0.145 2.118 0.924 0.390

Panel C: Securities and commodity contracts intermediation
Number of firms Min Max Mean Std. Dev.

Firm’s age 68 13 83 25.90 14.02

Market 
capitalization ($ 
in million)

68 21 74,900 6,630 13,400

Stock liquidity 
(shares in 
thousand)

68 6 16,600 1,584 3,329

Beta on market 
return

68 0.319 1.984 1.216 0.373

Statistics are based only on the firms that have stock price information for the entire sample period. Firm’s age is the 
number of years firm i had been listed in CRSP as of 2019 or at the time when the firm was delisted from CRSP, and its 
minimum value is 13. The other values are averages during the sample period, January 2007—December 2019: Market 
capitalization is the number of common shares outstanding multiplied by the daily share price; Stock liquidity indicates 
firm i’s daily transaction volume; and Beta on market return is firm i’s beta to the CRSP value-weighted stock returns. 
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4. Methodology and empirical results

4.1. Firm characteristics and stock sensitivity to oil price returns
Most of the studies outlined in Section 2 involve country- or sector-level analyses showing positive 
effect of oil price changes on the returns of oil and gas companies as a whole. In contrast, this 
study examines the impact of oil price movement at the individual-firm level. To investigate the 
association between firm characteristics and the stock price sensitivity to the oil market, the 
following panel regression model is implemented. 

R ið Þt¼β0 þ β1Mt þ β2Ot

þ β3Ot � DLow ið Þ þ β4Ot � DMid ið Þ þ β5Ot � DHigh ið Þ þ α ið Þ þ δt þ εi
(1) 

R ið Þt represents the return of stock i at time t. This is regressed on two different financial determi-
nants: the value-weighted S&P 500 Index return denoted by Mt and the NYMEX/WTI futures contract 
price return, Ot, both at time t. Earlier studies postulate that the crude oil price is driven predomi-
nantly by exogenous events specific to the energy sector (e.g., OPEC embargoes), implying that oil 
price shocks precede virtually all economic variables (Hamilton, 1983; Jones & Kaul, 1996). However, 
more recent studies suggest that both the crude oil and stock markets have been driven by some of 
the same economic factors (Barsky & Kilian, 2001; Hamilton, 2003). Equation (1) therefore includes 
the S&P 500 Index return as a proxy of the overall market performance.8

In addition, Equation (1) incorporates firm characteristics in the form of tercile dummies. 
Specifically, each of the dummy variables indicates whether firm i is within the bottom one-third 
(young firm, small firm, low stock liquidity, or low beta), the middle one-third, and the top one-third 
(mature firm, large firm, high stock liquidity, or high beta) within a subgroup. For example, DLow ið Þwith 

Table 3. Correlations and variance inflation factors of firm characteristics
Panel A: Oil and gas extraction
Variable Firm’s age Size (ln) Liquidity (ln) Beta VIF

Firm’s age 1 1.30

Firm’s size (ln) 0.312 1 2.92

Stock liquidity (ln) 0.188 0.787 1 1.30

Beta -0.231 0.357 0.406 1 1.40

Panel B: Petroleum, electric and gas utilities, and transportation
Variable Firm’s age Size (ln) Liquidity (ln) Beta VIF

Firm’s age 1 1.55

Firm’s size (ln) 0.433 1 3.92

Stock liquidity (ln) 0.342 0.821 1 3.92

Beta -0.459 -0.201 0.077 1 1.62

Panel C: Securities and commodity contracts intermediation
Variable Firm’s age Size (ln) Liquidity (ln) Beta VIF

Firm’s age 1 1.03

Firm’s size (ln) 0.034 1 3.53

Stock liquidity (ln) -0.059 0.835 1 3.50

Beta 0.034 0.540 0.529 1 1.46

The table shows the correlation coefficients and the variance inflation factors (VIFs) calculated based on the data 
between January 2007 and December 2019. Firm’s age is the number of years firm i had been listed in CRSP as of 2019 
or at the time when the firm was delisted from CRSP. Firm’s size is the natural logarithm of firm i’s market 
capitalization (number of common shares outstanding multiplied by the daily share price). Stock liquidity indicates 
the natural logarithm of firm i’s daily transaction volume. Beta on market return is firm i’s beta to the CRSP value- 
weighted stock returns. 
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respect to firm age takes on a value of 1 if firm i is within the bottom one-third in terms of the number 
of years since its first appearance in CRSP (i.e., relatively young within its subgroup). Each of the 
interaction terms is a multiple of Ot and one of the tercile dummies. α ið Þ contains a set of firm-specific 
fixed effects to capture the unobserved, time-invariant heterogeneity. In addition, δt represents year 
fixed effects as I exercise caution with macroeconomic impact common to all firms in a given year.9

The result of the panel regression analysis is reported in Table 5. Panels A, B, and C correspond to 
Groups #1, #2, and #3 defined in Section 3, respectively. Returns are on a weekly basis.10 The 
columns (2), (3), (4), and (5) include the interaction terms representing firm age, firm size, stock 
liquidity, and systematic risk, respectively. For example, Oil return × Low under column (2) is the 
weekly crude oil futures contract price return multiplied by the tercile dummy indicating that a firm 
is relatively young within its sector. Standard errors are clustered at the firm dimension.

It is not surprising that the table shows a positive and strong association between beta and stock 
price sensitivity to oil price changes. Because beta indicates a firm’s sensitivity to systematic risk, 
firms with higher beta are clearly more sensitive to oil price returns than those with lower beta. For 
example, the coefficient estimate of Oil return × High in the column (5) of Panel A is 0.910 while those 
for Oil return × Low and Oil return × Mid are 0.577 and 0.60, respectively. This trend is consistently 
observed across all the oil-producing and consuming firms. The Wald test of equality of coefficients 
between Oil return × Low and Oil return × High indicates that they are different from each other at 
a 1% significance level, except for the securities and commodity contracts intermediation in Panel C.

With regards to the firm age, the column (2) in Panel A shows that the stock price returns of 
young extraction firms are more strongly impacted by oil price movement than their more mature 
counterparts. The coefficient estimates of Oil return × Low and is 0.816 while those for Oil return × 
Mid and Oil return × High are 0.707 and 0.607, respectively. The sensitivity of stock returns to oil 
price movement is also firm age-dependent with respect to the other oil-producing and consuming 
firms (Panel B). In both Panel A and Panel B, the Wald test of equality of coefficients indicates that 
the coefficients of Oil return × Low and Oil return × High with respect to the firm age are different 
from each other at a 1% significance level. In contrast, there is no clear association between firm 
age and the oil–stock relationship with respect to the securities and commodity intermediation 

Table 4. Unit root tests on crude oil futures prices, S&P 500 index, and select stocks
ADF Test PP Test

Index/Firm Case Obs. Levels Returns Levels Returns

NYMEX/WTI 
futures price

no trend 676 -2.000 -18.620** -2.119 -26.287**

w/ trend 676 -2.565 -18.629** -2.645 -26.282**

S&P 500 Index no trend 676 0.800 -18.430** 0.922 -28.384**

w/ trend 676 -2.306 -18.422** -2.249 -28.370**

Harvest Oil & Gas 
Corp.

no trend 676 -0.523 -18.750** -0.597 -28.018**

w/ trend 676 -1.378 -18.994** -1.414 -28.441**

Exxon Mobil 
Corp.

no trend 676 -2.795 -20.396** -2.736 -28.218**

w/ trend 676 -2.727 -20.403** -2.663 -28.233**

American Electric 
Power Co.

no trend 676 0.887 -19.224** 0.898 -27.389**

w/ trend 676 -1.632 -19.286** -1.662 -27.444**

SkyWest, Inc. no trend 676 0.399 -17.606** 0.519 -26.343**

w/ trend 676 -1.466 -17.667** -1.328 -26.411**

The unit-root test is conducted with weekly price returns between January 2007 and December 2019. The values 
shown are the augmented Dickey-Fuller (ADF) and the Phillips-Perron (PP) test statistics both determined with the lag 
length of 1. The levels of S&P 500 Index indicates the total market values. The levels of the other variables are the 
quoted prices. The asterisks represent the significance level of 1% (**) and 5% (*). 
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(Panel C). These are the financial institutions often engaged in commodity trading activities, 
directly or indirectly. Since their operations do not involve physically purchasing or selling oil 
products, short-term movement in the crude oil market does not have immediate impact.

Neither firm size nor stock liquidity appears to be associated with the stock price sensitivity to oil 
price returns. The only exception is the stock liquidity in Panel C, where the coefficients of the “low 
liquidity” and “high liquidity” variables are different from each other at a 5% significance level. 
Regarding the firm size, there is no directional result such that stock price returns of small 
extraction firms tend to be more sensitive to oil price returns than large or mid-sized extraction 
firms. As shown in Section 3, there is relatively low correlation between firm age and market 
capitalization in any of these groups. The finding in this article is somewhat contrary to Narayan 
and Sharma (2011) and Lv et al. (2020), which explore similar research questions but conclude that 
the oil–stock relationship is size-dependent.11

4.2. Robustness tests
One of the robustness checks performed in this study is the same panel regression analysis with 
the sample limited to the period between December 2007 and June 2009. This particular sub- 
period is dictated by the months between a peak and a trough of the U.S. economic activities as 
indicated by the National Bureau of Economic Research (NBER). This sub-period also coincides the 
period of extremely volatile crude oil and stock markets shown in Section 3. The firms included in 
this analysis must have stock price information between December 2007 and June 2009.

Table 6 indicates that the oil–stock relationship is likewise firm age-dependent during the 
2007–2008 financial crisis. With respect to both the extraction firms (Panel A) and the petroleum, 
electric and gas utilities, and transportation (Panel B), the coefficients of the “young” and “mature” 
variables are different from each other at a 1% significance level. With respect to the extraction 
firms, the stock price sensitivity to oil prices seems to be weakly associated also with firm size as 
the coefficients of the “small” and “large” variables in Panel A are different from each other at 
a 5% significance level. During a period of recession, the stock price sensitivity to oil price returns is 
associated with not only younger firms but also those classified as smaller organizations. This 
finding implies that investors rely on market-wide information more heavily when market uncer-
tainty is higher.

The analysis reported in Subsection 4.1 is based on a balanced panel dataset and therefore only 
includes the firms that have been listed for the entire sample period. This is also the reason why 
the minimum value of firm age is 13 in Table 2. In order to include firms younger than 13 years old, 
I have replicated the test using unbalanced panel datasets. Specifically, each of the dataset only 
includes the firms that have necessary data at least during the last three, five, or seven years of 
the sample period. My main finding is virtually unchanged in these additional tests.12

4.3. Lagged effect of oil price returns
Subsections 4.1 and 4.2 pertain to the contemporaneous impact of oil price changes on individual 
firms. In this subsection, the focus is shifted to the lagged effect of the crude oil price. The lead–lag 
relationship at relatively low frequencies can exist in financial markets due to investor under-
reaction, value-at-risk constraints, and other market frictions, such as transaction costs and 
borrowing constraints (Billio et al., 2012). The Granger-type causality test can be used to find 
a process, in which market-wide news is rationally reflected in stock prices.

The Granger causality test has been widely adopted in the literature to analyze the dynamic 
effect between the oil price and other macroeconomic variables (e.g., Arouri & Nguyen, 2010; 
Hamilton, 1983; Henriques & Sadorsky, 2008; Huang et al., 1996; Jones & Kaul, 1996). A variable 
“x” is said to Granger-cause a variable “y” if the past values of “x” are useful for predicting “y.” To 
examine the lagged effect of oil price returns, I fit a VAR model shown in Equation (2) to the log 
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return of stock i and the log return of the NYMEX/WTI crude oil futures contract price at time t, 
denoted R ið Þt and Ot, respectively. 

RðiÞt
Ot

� �

¼
β 1ð Þ

RðiÞ; RðiÞ β 1ð Þ
RðiÞ; O

β 1ð Þ
O; RðiÞ β 1ð Þ

O; O

2

4

3

5
RðiÞt � 1

Ot � 1

� �

þ
β 2ð Þ

RðiÞ; RðiÞ β 2ð Þ
RðiÞ; O

β 2ð Þ
O; RðiÞ β 2ð Þ

O; O

2

4

3

5
RðiÞt � 2

Ot � 2

� �

þ . . . þ
β kð Þ

RðiÞ; RðiÞ β kð Þ
RðiÞ; O

β kð Þ
O; RðiÞ β kð Þ

O; O

2

4

3

5
RðiÞt � k

Ot � k

� �

þ
εRðiÞ; t

εO; t

� �
(2) 

Equation (3) describes specifically the observation of stock i’s return at time t as a function of the 
past K values of the stock’s own return and the past K values of the oil price return. A Wald test is 
then conducted on the null hypothesis that the coefficients of the past K values of Ot� k are jointly 
zero. 

R ið Þt ¼ ∑
K

k ¼ 1
β kð Þ

R ið Þ;R ið ÞR ið Þt� k þ ∑
K

k ¼ 1
β kð Þ

R ið Þ;OOt� k þ εR ið Þ;t (3) 

H10: β 1ð Þ
R ið Þ;O ¼ β 2ð Þ

R ið Þ;O ¼ β 3ð Þ
R ið Þ;O ¼ . . . ¼ β Kð Þ

R ið Þ;O ¼ 0 

If the null hypothesis is rejected, one can conclude that crude oil futures price returns Granger- 
cause the returns of stock i.

Because I use panel data to analyze cross-firm variation in oil-stock causal links, the panel 
Granger causality approach is adopted in this study. The Dumitrescu-Hurlin panel Granger causality 
test is a simplified version of the Granger causality test for heterogeneous panel data models.13 In 
each of Groups #1, #2, and #3, firms are divided into three subgroups to indicate whether firm i is 
within the top one-third, middle one-third, or bottom one-third of the dataset in terms of each of 
the firm characteristics (i.e., firm age, firm size, stock liquidity, and systematic risk). The test is 
conducted against the null hypothesis that, across all the firms within a subgroup simultaneously, 
there is no causal relationship from oil price returns to stock returns. The alternative hypothesis 
states that there exist causal relationships for a non-negligible proportion of the firms, specifically 
for N − N1 firms.14 

H20: β 1ð Þ
R ið Þ;O ¼ . . . ¼ β Kð Þ

R ið Þ;O ¼ 0 "i ¼ 1 ; . . . ;N 

H2A: β 1ð Þ
R ið Þ;O ¼ . . . ¼ β Kð Þ

R ið Þ;O ¼ 0 "i ¼ 1 ; . . . ;N1

β 1ð Þ
R ið Þ;O � 0 or . . . or β Kð Þ

R ið Þ;O � 0 "i ¼ N1þ1 ; . . . ;N 

In the Dumitrescu-Hurlin approach, a Wald test is first conducted for each firm against the null 
hypothesis (H10). Each individual Wald test statistic, Wi;T, converges to a chi-squared distribution 
with mean K and variance 2K. Subsequently, the cross-sectional average of N individual statistics is 
calculated as following. 

WN;T ¼
1
N

∑
N

i ¼ 1
Wi;T where Wi;T T ! 1

�����!
χ2 Kð Þ "i ¼ 1 ; . . . ; N (4) 

Under the assumption that individual Wald statistics Wi;T are i.i.d., Dumitrescu and Hurlin (2012) 
demonstrate that WN;T converges to a standard normal distribution when T ! 1 first and 
then N ! 1. 
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ZN;T ¼

ffiffiffiffiffiffi
N
2K

r

� WN;T � K
� �

T;N ! 1
�������!

N 0; 1ð Þ (5) 

When N ! 1 and for a fixed T dimension with T > 3 K + 5, the following statistic has the same 
limiting distribution. 

eZN;T ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N T � 3K � 5ð Þ

2K T � 2K � 3ð Þ

s

�
T � 3K � 3
T � 3K � 1

�WN;T � K
� �

N ! 1
������!

N 0; 1ð Þ (6) 

Both of the standardized test statistics, ZN;T and eZN;T, are presented in Table 7.15

The returns are on a weekly basis, and all the firms included in this analysis have stock price 
information for the entire sample period. In each dataset, firms are divided into three subgroups, 
and a test is conducted on each subgroup separately. The optimal lag order, K, for each firm is 
determined using the Bayesian information criterion (BIC). While Subsection 4.1 shows greater 
stock price sensitivity to oil price movement with respect to young oil and gas extractives firms, no 
strong propensity is observed when lagged effects are examined.

Panel A of the table indicates that there exists no significant causal relationships between oil 
price returns and returns of extractives firms, regardless of the firm age. For example, the test 
statistic ZN;T (eZN;T) with K = 1 for “young” extractives firms is 0.458 (0.450) while ZN;T (eZN;T) for 
“mature” extractives firms is −1.075 (−1.075). The null hypothesis of no-causality cannot be 
rejected for either subgroup. This result is rather expected since the operations of extraction 
firms are directly linked to the levels of oil and natural gas prices, making their stock prices 
respond to the movement in crude oil market promptly.

In contrast, I observe significant lagged effect of oil price returns on a non-negligible portion of 
Subgroup (1) in terms of stock liquidity (i.e., low stock liquidity) and systematic risk (i.e., low beta) in 
Panel A. For example, the lagged effect of oil price movement on the firms with low transaction 
volumes is indicated by ZN;T (eZN;T) of 2.037 (2.20), both of which are statistically significant at a 5% 
level. On the other hand, I do not see anything notable in Panel B or Panel C. The only exception is 
Subgroup (1) in Panel B (i.e., young petroleum manufacturers, electric and gas utilities, and 
transportation firms), where there is a negative and significant association between firm age 
and the oil-stock causal relationships. Overall, the empirical result in this article indicates that 
the stocks of oil-producing and consuming companies respond to the oil market movement fairly 
quickly.

5. Concluding remarks
The effect of oil price movement on stock returns varies across firms, even within the same 
industry. Despite the impact of the oil price on various businesses, there are few studies analyzing 
the oil–stock interactions with firm-level granularity. Motivated by the limitation in literature, 
I adopt a panel data analysis to identify the firm characteristics associated with variation in the 
relationships. This is the first study to provide empirical evidence of the effect of firm age in the 
context of stock price sensitivity to the oil price.

The results in this article have the following implications. As shown in Subsections 4.1 and 
4.2, there is a strong association between the crude oil price movement and the stock returns 
of oil-price sensitive firms, especially extraction companies. While this is not surprising, 
I further find that the stock sensitivity to oil price returns is significantly stronger among 
younger extraction firms than their more mature counterparts. In Subsection 4.3, an additional 
analysis using the panel Granger causality test reveals that there is no significant lagged effect 
of the oil price on these companies, regardless of firm age. Combined, these findings empiri-
cally support the notion that investors rely on market-wide information more heavily when 
assessing younger firms, and such information is quickly reflected in stock valuations. This is 
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also consistent with the recent studies on the timeliness of analyst forecasts. On the other 
hand, I find little evidence showing that firm size or stock liquidity influences cross-firm 
heterogeneity in oil–stock relationships. The finding in this paper challenges the assertion 
that the oil–stock relationship is size-dependent.

Our study leaves ample room for future research. While I combine multiple sectors to avoid a small 
sample size, valuations of firms differ from one another considerably even within the same sector. For 
example, increases in oil prices may impact the future cash flows of air transportation firms and those 
of rail transportation firms quite differently. It is certainly valuable to find a way to examine each 
industry individually. In addition, it is entirely possible that stock price returns are preceded by factors 
other than oil price shocks. Although my study attempts to mitigate potential third-cause fallacy by 
including the equity index return into a vector autoregressive model, it is worth considering to 
incorporate other macroeconomic variables (e.g., consumer sentiment, interest rate) into the system.
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Notes
1. On the other hand, Hooker (1996) suggests that oil 

prices no longer precede many macroeconomic 
indicators in the U.S. after 1973.

2. Some of the studies analyzing the oil-stock rela-
tionships at the firm level are discussed in 
Section 2.

3. The exception in their study is the telecommunica-
tions sector.

4. Note that the sample excludes the securities and 
commodity exchanges.

5. The use of weekly returns reduces noise in daily 
data and certain statistical biases, such as the non- 
synchronous trading, while keeping sufficient 
number of data points (Arouri & Nguyen, 2010; 
Henriques & Sadorsky, 2008).

6. One major difference between these two tests is 
how autocorrelation in the errors is corrected. 
While the ADF test addresses this issue by incor-
porating lagged values of the first difference of the 
variable as regressors, the PP test ignores any 
autocorrelation in the regression model but instead 
makes a non-parametric correction to the 
t-statistic.

7. With respect to nine firms in the sample, the null 
hypothesis of non-stationarity is rejected at the 
significance level of 5% or better in the ADF test, 
the PP test, or both. The unit-root test results on 
the individual firms can be available upon 
request.

8. Although not reported in this paper, I also tested 
each firm individually using the standard market 
model augmented by the oil price factor as fol-
lowing. For the vast majority of the firms, the crude 
oil price return is statistically significant at a 5% 
level or better.

9. For example, it has been suggested that the inflow 
of institutional investors has contributed to dra-
matic increases in commodity futures prices and 
cross-commodity correlations in the mid-2000s 
(see Tang & Xiong, 2012; Singleton, 2014; Basak & 
Pavlova, 2016 among others).

10. Although not reported, I have conducted a similar 
analysis using daily oil and stock price returns, which 
does not alter the main findings in this article.

11. The study by Narayan and Sharma (2011) is based on 
560 firms listed on the NYSE while Lv et al. (2020) focus 
on petrochemical companies in the U.S. and China.

12. The results of these tests are available upon request.
13. It considers heterogeneity of the causal relationships as 

well as heterogeneity of regression models.
14. This is contrasted with Holtz-Eakin et al. (1988) 

showing a test of non-causality assumption 
against causality for all the units.

15. Due to a large T dimension, ZN;T is preferable to eZN;T 
although the results are almost identical.
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