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Firm Value And Hedging:

Evidence From U.S. Oil and Gas Producers

ABSTRACT

This paper studies the hedging activities of 119 U.S. oil and gas producers from 1998 to 2001
and evauates their effect on firm value. Theories of hedging based on market imperfections
imply that hedging should increase the firm’'s market value. To test this hypothesis, we have
collected detailed information on the extent of hedging and on the valuation of oil and gas
reserves. We verify that hedging reduces the firm’s stock price sensitivity to oil and gas prices.
Contrary to previous studies, however, we find that hedging does not seem to affect market

values for thisindustry.



In aclassic Modigliani and Miller (M&M) world with perfect capital markets, risk
management should be irrelevant. When there are no information asymmetries, taxes or
transaction costs, hedging financial risk should not add value to the firm because shareholders
can undo any risk management activities implemented by the firm at the same cost.

In practice, imperfectionsin capital markets may create arationale for lowering the
volatility of earnings through hedging. Conventional explanations include the cost of financial
distress, tax incentives, and the under-investment problem. Risk management may also add
value if hedging positions in derivatives contracts carry a premium that is not commensurate
with risk, or also if active trading activities create a profit.

Most empirical studies on thistopic have focused on the relation between corporate
hedging and firm characteristics, trying to determine if the behavior of firmsthat hedgeis
consistent with extant theories. The empirical evidence is not supportive of any single theory,
however. In addition, most of these empirical studies provide only indirect evidence that
hedging does increase firm value. Recently, however, Allayannis and Weston (2001) directly
tested the relation between firm value and the use of foreign currency derivatives. Using a
sample of 720 large firms between 1990 and 1995, they find that the value of firms that hedge,
on average, is higher by about 5%. This“hedging premium” is statistically significant aswell as
economically significant. With amedian market value of about $4 billion, this trandates into an
average value added of almost $200 million for firms using foreign currency derivatives. Thisis

avery large effect.

! On the other hand, Bartram et al. (2003) examine alarger sample of 7,292 U.S. and non-U.S. firms. They report
insignificant effects on currency hedging but a higher Q ratio for firms that engage in interest-rate hedging.



More recently, Carter et al. (2003) examine the case of fuel hedging for a sample of U.S.
airlines and report an even higher “hedging premium” of about 14%, albeit with avery large
confidenceinterval. They show that thisfinancia risk is economically very significant for this
industry. They also argue that hedging allows airlines to expand operations when times are bad
for the industry, thus alleviating the under-investment problem. Apparently, these issues are
sufficiently important in this industry to warrant a large hedging premium.

The interpretation of these resultsis debated, however. Guay and Kothari (2003) analyze
the economic effects from derivatives positions for a sample of non-financial derivatives users.
They conclude that potential gains on derivatives are small compared to cash flows or
movements in equity values and cannot possibly have an effect of the magnitude claimed. Their
interpretation is that the observed increase in market valuesis driven by other risk management
activities, such as operationa hedges, that are value-enhancing and are positively correlated with
derivatives positions, or is spurious.

More generally, the finding of a correlation between hedging and firm value may instead
reflect the association between two endogenous variables. If hedging increases firm value, why
do we not observe all companies operating at the optimum? Coles, Lemmon, and Meschke
(2003) discuss a similar endogeneity issue in the context of the relationship between firm value
and managerial ownership. We empirically observe that, up to some point, higher levels of
ownership are associated with higher Q ratios, defined as the ratio of market value to
replacement value of assets. This may reflect, however, different levels of productivity of labor
and Q ratios across industries. For instance, labor is more productive in service industries, say
relative to mining, which justifies higher ownership. At the same time, some service industries

are more profitable and growing faster than others, which justifies higher Q ratios. This



endogeneity creates the association between the Q ratio and managerial ownership. A similar
issue may arise with hedging.

This debate highlights the importance of the sample selection. The endogeneity problem
should be alleviated by selecting firms within the same industry. We need, however, an industry
for which financial exposure isimportant and where firms vastly differ in terms of their hedging
ratios.

This paper revisits the question of the hedging premium for a sample of U.S. oil and gas
firms. Thisisanideal controlled sample for addressing the question of studying the relationship
between the use of derivatives and the firm’s market value. First, movementsin energy prices
have substantial effects on the cash flows of oil and gas firms. Next, compare an oil producer
facing oil price risk with amultinational firm with salesin many foreign countries. An investor
cannot easily hedge the currency risk of the multinational, as the sources of risk are complex and
not totally hedgeable.? In fact, Jorion (1990) demonstrates that the foreign currency betas of
U.S. multinationals are close to zero. If investors cannot ascertain the extent of the firm’s
currency exposure, the multinational might benefit from hedging foreign currency risk in the
presence of information asymmetries. On the other hand, an investor can easily identify the ail
firm’s price exposure from its financial reports and hedge it. It might even be argued that
investors take positionsin oil producers precisely to gain exposure to oil prices. Thus, an ail
firm should not necessarily benefit from hedging oil pricerisk. The situation is closer to the

Modigliani-Miller assumptions.

2 For example, Geczy, Minton and Schrand (1997) studied foreign currency derivatives of Fortune 500 firmsin
1990, and argued that measuring foreign currency exposure is difficult. They used many sources as an indication of
foreign currency exposure, including foreign sales, foreign-denominated debt, pretax foreign income, foreign tax
expense, etc.



This oil and gas sample has other benefits. The Allayannis-Weston sampleislimited to
large firms, with assets greater than $500 million. It is unclear whether hedging adds value to
smaller firms as well, given the fixed costs of setting up risk management programs. More
importantly, the Allayannis-Weston results could be due to other effects, such as operational
hedges, that are correlated with positionsin derivatives. The Allayannis-Weston sample covers a
large number of firmsin different industries with different growth rates. Comparisons of Q
ratios may be contaminated by the effect of other variables not included in the analysis. In
contrast, the oil and gas industry is more homogeneous but still offers substantial variation in
hedging ratios. The oil and gasindustry also discloses much more value-relevant information
than other industries. Oil and gas reserves are measured and valued separately from other assets.
The industry also discloses extraction costs and a net present value measure of profits from
reserves. Thisinformation is useful because it lessens the possibility of contamination due to
omitted variables.

Our paper helps to shed light on the issue of the hedging premium. We study the hedging
activitiesof 119 U.S. oil and gas producers from 1998 to 2001 and examine the relation between
hedging and firm value. To our knowledge, thisis the largest sample within the same industry
used to assess the hedging premium, with 330 firm-year observations. The sample sizeisless
than the 720 firms covered by Allayannis and Weston (2001) but larger than the 27 airlines
covered by Carter et a. (2003) and 100 oil and gas firms covered by Haushalter (2000) over
three years. So, our tests should have good statistical power. We aso have more detailed
information about exposures and hedges than other studies. The commodity price exposure of
oil and gas firms can be clearly established from the annual 10-K financial reports, as required

by SEC’s new market risk disclosure rules (1997). We manually collect data from the annual



reports and aggregate the delta of all hedging positions, including futures, options, or swaps
contracts as well as fixed-price physical delivery contracts and volumetric production payments.
These are then compared to current production and total reserves. This procedure is more
precise than using notional amount and certainly a simple hedging dummy variable.®

The empirical analysis then proceeds as follows. First, we examine the relation between
stock return sensitivity to commodity prices and hedging. We find that oil and gas betas are
negatively related to the extent of hedging. Since the market recognizes the effect of hedging,
we can test if the market rewards firms that hedge with higher market values, measured using
different definitions of Tobin's Q. Thisis generally defined as the ratio of the market valueto
the replacement value of assets, usually measured as the book value of assets. In addition, we
also use the current value of reserves before and after extraction costs, which should yield more
precise estimates of the replacement value of assets. Contrary to previous research, we show that
hedging has no discernible effect on firm value for oil and gas producers.

The remainder of the paper is organized asfollows. Section | gives abrief review of risk
management theories and of the empirical evidence. Section |1 describes the sample and
explains the measure of hedging activities and firm value. Section |11 examines the relation
between stock return sensitivity and hedging. Section IV tests the relation between hedging and

firm value. SectionV concludes.

3 Tufano (1996) also calculates delta of the hedging portfolio in the study of gold mining industry. However, the
hedging positions were collected from quarterly survey, not from publicly available financial reports.



|. Risk Management Theory and Empirical Evidence

Two classes of theories explain why managers undertake risk management activities.
Thefirst is based on shareholder value maximization. The other is based on diversification
motives for owners or personal utility maximization for managers.

The shareholder maximization argument states that firms hedge to reduce the various
costs involved with highly volatile cash flows. The literature has recognized three typical lines
of explanation. Hedging reduces the expected cost of financial distress (Mayers and Smith
(1982), Smith and Stulz (1985)). Hedging may also be motivated by tax incentives. When firms
face a convex tax function, hedging should help reduce expected taxes (Mayers and Smith
(1982), Smith and Stulz (1985)). Hedging can aso increase the debt capacity, therefore realizing
greater tax advantages from greater leverage (Leland (1998)). Finally, hedging may also help
relieve the problem of under-investment, when firms have many growth opportunities and
external financing is more expensive than internally generated funds (Froot, Scharfstein, and
Stein (1993)). This problem arises when investment opportunities are negatively correlated with
cash flows. Thisisthe casefor the airline industry, for instance, when opportunities to buy
distressed assets at a good price occur when the industry isin adown cycle. The present value of
these saved costs should be reflected in a higher market valuation.

Another strand of theory claims that hedging stems from managers' incentive to
maximize their personal utility functions. Risk-averse managerswill engage in hedging if their
wealth and human capital are concentrated in the firm they manage and if they find the cost of
hedging on their own account is higher than the cost of hedging at the firm level (Stulz (1984),

Smith and Stulz (1985)). In addition, hedging may serve as asignal that helps outside investors



to better observe the manageria ability (DeMarzo and Duffie (1995)). According to this second
group of theories, hedging should not affect market values.

The empirica literature has focused on the relationship between firm characteristics and
hedging, trying to identify which theory best explains actua hedging activities. Results have
been mixed. For instance, risk management activities are found to be more prevalent in large
firms. We would have expected to find that small firms, which are more likely to experience
financial distress, are more likely to hedge. Instead, hedging seems to be driven by economies of
scale, reflecting the high fixed costs of establishing risk management programs.* On the other
hand, Dolde (1995) and Haushalter (2000) report a positive and significant relation between
hedging and leverage, consistent with the theory that hedging helps reducing financial distress.
Graham and Rogers (2002) provide evidence that tax convexity does not seem to be afactor in
the hedging decision but do find that firms hedge to increase debt capacity. Thisis consistent
with the second explanation. Finally, Nance, Smith and Smithson (1993) and Geczy, Minton and
Schrand (1997) find that hedging firms have greater growth opportunities, which is consistent
with the argument that hedging helps mitigate the potential under-investment problem.

On the whole, however, there is mixed support for value maximization theories. Mian
(1996) surveys their implications and reports that the only reliable observation is that hedging
firmstend to be larger. Similarly, Tufano (1996) examines the hedging activities of gold mining
firms and finds no support to the value maximization theory. Furthermore, he found strong
evidence that supports managerial risk aversion theory: managers who hold more stock tend to

undertake more hedging activities.

* These costs include hiring risk management professional's, purchasing computer equipment and software for risk
management. See, for example, Nance et a. (1993), Mian (1996), Geczy et a. (1997), Haushalter (2000) and
Graham and Rogers (2002). Brown (2001) estimates annual costs at about $4 million for alarge multinational with
$3 billion in derivatives positions.



More recently, researchers started to examine the direct rel ation between firm value and
hedging. Allayannisand Weston (2001) provide the first evidence on this question. They find
that the market value of firms using foreign currency derivativesis 5% higher on average than
for non-users. Thisresult is economically important, but puzzling in view of the mixed
empirical evidence on hedging theories. Graham and Rogers (2002) argue that derivatives-
induced debt capacity increases firm value by 1.1%, on average. As mentioned previousy, the
validity of these results has been questioned by Guay and Kothari (2003).

In addition, these results are limited to the management of foreign currency risk for large
U.S. multinationals. Such firms have non-transparent risk exposures. It is not clear whether this
hedging premium exists for other types of market risk that can be easily identified and hedged, or
within homogeneous industries. This paper helps shed light on these questions by testing the

effect of hedging on firm value for oil and gas producers.

I1. Sample Description

Our analysisis based on asample of 119 U.S. oil and gas firms over the period 1998 to
2001. First, we extracted the list of firms with Standard Industrial Classification (SIC) codes of
1311 from Compustat, which gave atotal of 159 firms or potentially 636 firm-years. SIC codes
describe a group of companies primarily engaged in producing the same group of products or
services. Major group 13is*“oil and gas extraction.” SIC code 1311 further restricts thisto
“crude petroleum and natural gas’.> For example, the five biggest firmsin our sample are

Anadarko Petroleum, Occidental Petroleum, Devon Energy, Kerr-McGee, and Burlington

® Other SIC codes within this group are: 1321 (Natural Gas Liquids), 1381 (Drilling Oil and Gas Wells), 1382 (Oil
and Gas Field Exploration Services), and 1389 (Oil and Gas Field Services).



Resources. Other well-known oil industry names such as Exxon Mobil or ChevronTexaco
belong to SIC group 2911, which is “petroleum refining”.

Next, we only kept the firms that met the following criteria: 10-K reports are available
from Edgar; oil and gas production or reserves are reported in the 10-K's; market value of equity
isavailable at either the fiscal year-end or calendar year-end; there is enough information in the
10-Ksto calculate the hedge position. Thisled to a sample of 154 firms and 449 firm-years.
Finally, we required the book value of total assets to be greater than $20 million.° Thefinal
sample consists of 119 firms from 1998 to 2001, or 330 firm-year observations, in which 59
firms are present in all four years.

As background information, Table | describes the range of activities for a subset of firms.
The table reports segment information available from Compustat for 84 firms (71% of the
sample of 119 firms) and 267 firm-years (81% of the sample of 330 firm-years). It showsthe
percentage of firms engaged in each segment, as well as the distribution of the ratio of segment
salesto total salesand of segment assets to total assets, within each category.

[Tablel here]

All of the firmsin our sample engage in exploration and production. Other segments can
be classified into: oil and gas refining, processing, and marketing; gas plant and pipeline;
contract drilling and oil field services; and others. The table shows that some firms engage in
multiple activities, but that exploration and production is by far the dominant segment. For the

whole sample, 94% of sales and 96% of assets are attributed to exploration and production. The

® Firms with total assets below $20 million are “small businessissuers’. They may file an Annual Report on Form
10-KSB, which generally requires less disclosure. Therefore, if no hedging isreported, it is hard to determine
whether the firm did not hedge or simply did not disclose hedging information.



prevalence of production activitiesisimportant, because it implies that hedging should involve
sdlling oil or gas fixed-price contracts.”

This confirms that our sampleisrelatively homogeneous in terms of type of exposure to
commodity pricerisk. This should minimize the issue of endogeneity, or spurious correlation
between hedging and other variables. At the sametime, thisindustry isinteresting to analyze

due to awide dispersion in hedging ratios.

A. Hedging Variable

Hedging information for each firm is obtained from the 1998 to 2001 annual reports. In
January 1997, the Securities and Exchange Commission (“SEC”) issued Financial Reporting
Release No. 48 (hereafter “FRR 48”), which expands disclosure requirements for market risk and
cameinto effect for all firmsfor fiscal year ending after June 15, 1998.® Under FRR 48, firms
arerequired to present quantitative information about market risk in one of the three formats:
tabular, sengitivity analysis, or Value at Risk. Most of the oil and gas producers we investigate
chose the tabular disclosure. Under this method, instruments should be classified by the
following characteristics: (1) fixed or variable rate assets or liabilities; (2) long or short forwards
or futures, including those with physical delivery; (3) written or purchased put or call options
with similar strike prices; (4) receive fixed or receive variable swaps. FRR 48 requires

disclosures of contract amounts and weighted average settlement prices for forwards and futures;

’ For some other activities, the hedging policy may differ. For instance, hedging an oil refining operation involves
taking positionsin “crack spreads’, which entail buying crude oil and shorting gasoline contracts.

8 Financial Reporting Release No. 48: Disclosure of Accounting Policies for Derivative Financial Instruments and
Derivative Commodity Instruments and Disclosure of Quantitative Information About Market Risk Inherent in
Derivative Financial Instruments, Other Financial Instruments, and Derivative Commodity Instruments. The rules
are described in Linsmeier and Pearson (1997). For a description of quantitative risk measurement methods, see
Jorion (2001).
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weighted average pay and receive rates and/or prices for swaps; contract amounts and weighted
average strike prices for options.

Appendix A gives an example of market risk disclosures for Devon Energy, from item
7A in the annual report. The company discloses tabular information about commodity price
swaps, costless price collars, and fixed-price physical delivery contracts. Devon aso indicates
that all of its“market risk sensitive instruments were entered into for purposes other than
trading.” In other words, its policy is to hedge market risk.

Other companies have positions in futures and options traded on organized exchanges
such as NYMEX. In addition to fixed-price contracts, volumetric production payments are also
sometimes used by oil and gas companies (about 5% of our sample). A volumetric production
payment is aloan with the repayment set in terms of a specified quantity of oil or gas. Thisis
economically equivalent to aforward contract.

Recognizing that there are many different hedging channels, we wrote a program to
search the body of 10-K reports for all keywords related to hedging.® This covered not only item
7A, but also the entire body of the 10-K report, because real contracts were sometimes reported
under notes to financial statementsinstead. We then collected the positions on all reported
market-sensitive instruments.*°

These disclosures enable us to measure the net hedging position of each firm with regard
to oil and gas, calculated from the sum of the delta equivalent of each position reported at the

fiscal year end. Specifically, we assume A= -1 for short positionsin al linear hedging

°® Keywords searched include: item 7a, quantitative disclosure, risk management, “hedg’, off balance sheet,
derivative, value at risk, earnings at risk, cash flow at risk, sensitivity analysis, commodity risk, price risk, market
risk, option contract, futures contract, forward contract, swap, commodity futures, commodity contract, commodity
option, oil future, natural gas future, oil forwards, natural gas forwards, collar, fixed price, volumetric production.
19\We only considered directional positions on oil and gas prices. Crack spreads (between gasoline and crude oil), or
spreads between oil pricesin two different locations were ignored.
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instruments of crude oil and natural gas, such as short futures and forwards, receive-fixed swaps,
fixed-price contracts and volumetric production arrangement.™ Long positions are coded with
A=1.

For non-linear contracts, such as options and collars, we calculate A using Black’ s option
pricing model. Other work on the oil and gas industry has assumed a unit hedge ratio. Wefind,
however, that alarge fraction, approximately 65%, of derivatives users have options. The
typical option hedge ratio is 60% of notional.

Next, we multiply the notional amounts of each contract by their delta and sum them up
to get atotal deltafor crude oil and natural gas.*> Appendix B illustrates the computations for
the total oil deltafor Devon. Out of the entire sample of 330 firm-years, all have zero or
negative deltain both crude oil and natural gas contracts. These firms are indeed using
derivatives to hedge, not to speculate.

Thetotal deltaisthen scaled by the annual production or the stock of reserves. For ail,
for instance, we have

Relative delta oil production =— Total deltaoil / Next year oil production Q)

Relative delta oil reserve = — Tota deltaoil / Same year proved oil reserve  (2)

™ A more precise measure for delta of commodity linear contracts should be: A = e 7 where ¢ is the cost of

carry and y is the convenience yield. For linear crude oil contract, delta is decreasing over time, since the
convenience yield (y) is higher than the cost of carry (c). However, most firms have only very short-term crude oil
contract, normally one year or less. Therefore, a delta of one is a good approximation. For linear natural gas
contract, c-y is always close to zero, therefore delta is close to one even for long term contracts. We do observe
long-term natural gas linear contracts. For example, in 1999 10-K, Louis Dreyfus reports natural gas swaps with
maturity ranging from year 2004 till 2017; Devon Energy reports fixed price natural gas contracts with maturities
going from 2000 through 2004.

12 The notional amount of crude oil contracts is expressed in Barrels (Bbl). That of natural gas contracts is stated in
Millions of British Thermal Unit (Mmbtu). Positionsin Natural Gas Liquids (NGL) are also measured in Bbls and,
when reported separately from crude oil and natural gas, are assimilated to those in oil. NGL products are distilled
with crude ail in refineries and have prices that are highly correlated with oil prices.

12



The first number calculates the percentage of next year production that is effectively hedged.
The second computes the proportion of current reserves that is effectively hedged. These
numbers are positive for hedging firms.

Table Il provides more information on the sample. Out of 330 firm-years, 319 have
exposure to both oil and gas prices; 11 others have exposure to one risk factor only. For these
319 firms, hedging policies tend to be ssimilar across oil and gas, as shown in Panel B. Most
firms either hedge both or none. 106 firms hedge both oil and gas risk; 113 hedge neither. So,
the hedging variables are collinear across the oil and gas samples.

[Table Il here]

B. Qratio

Each firm’s market value is measured using a Q ratio similar to Tobin’'s Q. Traditionally,
Tobin's Q is calculated as the ratio of the market value of financial claims on the firm to the
current replacement cost of the firms' assets. The resulting unit-less metric, used in many other
studies,*® allows direct comparisons across firms.

The calculation of Tobin’s Q is usually quite involved, due to the need to compute the
market value of long-term debt and the replacement cost of fixed assets.'* Following previous
work, our first measure uses the book value (BV) of debt and the book value of assets. Inthis

industry, however, the major assets are the oil and gas reserves. Therefore, we have more

13 See for example, Lang and Stulz (1994) and Y ermack (1996).

4 The market value of long-term debt is often calculated using a recursive methodology that estimates the maturity
structure of the debt and accounts for changesin the yield. See, for example, Perfect and Wiles (1994). The
replacement cost of fixed assets (RCFA) is usually calculated using one of two methods: either by assuming an
initiation date on which the RCFA is assumed to be equal to its book value, or by inferring the vintage and
depreciation pattern of in-place gross fixed assets. See Lindenberg and Ross (1981) and Lewellen and Badrinath
(1997), respectively.
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information than in other studies. We also approximate the replacement costs of oil and gas
assets by measures of its reserves reported in 10-K.

We construct three measures of Q ratio. All share the same numerator. This
approximates the market value of the firm by the book value of total assets minus the book value
of common equity and plus the market value (MV) of common equity. The denominator
should approximate the replacement cost of assets. Q1 uses the book value of total assets, minus
the book value of proved oil and gas reserves, plus the “ standardized measure of oil and gas
reserves’. Thelatter isthe estimated future net revenue, after extraction costs and income tax, to
be generated from the production of proved reserves discounted to present value using an annual
discount rate of 10%. This Net Present Value (NPV) computation approximates the value of
proved oil and gas reserves, the mgjor fixed assets.'® Next, the second measure, Q2, replaces the
standardized measure of oil and gas reserves by the current market value of existing proved
reserves, without adjustment. Finally, for comparison with previous literature, Q3 uses the book
value of assets.’

Normally, we would expect that the present value of reserves should be a better measure

of replacement value than their book value, which represents accumulated exploration costs after

MV (market value) of common equity in Q1 and Q2 is calculated as of the day of fiscal year-end. The oil and gas
reserve values are also reported at the fiscal year-end and the numbers are sensitive to the report date. This ensures
the Q measure is consistent across firms. We also used MV of common equity at calendar-year end, with similar
results.

16 0il and gas firms are required to report the present value of earnings from total oil and gas reserves per SFAS No.
69. Revenues of oil and gas are calculated using the spot price at the fiscal-year end, after projected extraction costs
and income taxes. All future net cash flows are discounted at 10% to get the present value.

Y 1n measuring Q1 and Q2, we rely on the reserve quantity information provided in 10-K per SFAS No. 69. The
total value of reserveis derived by multiplying the oil and gas reserve by the spot price of oil and gas on that day.
For discussions of this measure, see Clinch and Magliolo (1992).
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amortization and depreciation.’® In summary, the three measures of Q ratio are defined as

follows:

01- BV total assets- BV common equity + MV common equity 3
BV total assets- BV oil/gas proved reserves+ NPV oil/gas proved reserves

Q2= BV total assets - BV common equity + MV common equity @)
BV total assets - BV oil/gas proved reserves+ MV oil/gas proved reserves

Q3= BV total assets- BV common equity + MV common equity )

BV total assets

Cross-sectionally, we find that the three variables are positively correlated, with correlations of
0.70, 0.34, and 0.27 between Q1 and Q2, Q1 and Q3, Q2 and Q3, respectively. By construction,
Q2 must be smaller than Q1 due to the treatment of the value of reserves. The two measures are
highly correlated with each other, but |ess so than with the measure based on book values of
assets.

Summary statistics for firm characteristics are presented in Table I11.  Panel A describes
the distribution of firm assets, equity values, oil and gas reserves, and the various Q ratios for the
whole sample. Note that the firmsin our sample are smaller than the Allayannis-Weston sample,
which only included firms with more than $500 million in assets. Ten percent of our firms have
assets less than $32 million. If small firms are more susceptible to financial distress, theories of
hedging would predict more hedging by small firms, and a positive correlation between hedging
and market values.

[Table Il here]

18 Harris and Ohlson (1987), however, offer evidence that book values also contain significant information to
explain market val ues.
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Panels B and C describe subgroups of firms with oil hedging activities and gas hedging
activities. Panel D describes firms without hedging activities. Out of 119 firms, 92 firms
reported hedging activities at |east once during 1998 to 2001. 47 firms had oil hedging activities
each year, and 68 firms had gas hedging activities each year covered in the sample. More
specifically, among 324 firm-years with oil exposure, 146 report oil-hedging activities. An
average (median) firm hedges about 33% (24%) of next year oil production, which amounts to
about 4% (2%) of the oil reserve. No firm in the sample has a negative ratio, which implies that
al firmswith oil hedging activitiestruly hedge, or have a net short total delta. Out of 325 firm-
years with gas exposure, 174 hedge their gas production. An average (median) firm hedges 41%
(33%) of next year gas production, which is approximately 5% (4%) of the gasreserve. Again,
no firm in the sample has a negative ratio, which implies that all firms with gas hedging activities
truly hedge.

As reported in other studies, hedgers are generally larger than non-hedgers. We do not
observe much difference, however, between the Q ratios of hedging and non-hedging firms.
Thiswill be further examined in Section IV. But next, we have to ascertain that hedging does
have an effect on the stock return sensitivity to commodity price changes. If thiswere not the

case, it would be difficult to rationalize an effect of hedging on market value.

I11. Stock Return Sensitivity and Hedging
Our test expands on that of Rajgopal (1999), who ran a pooled cross-section time-series
regression of company’s stock returns on oil and gas price changes, adjusting for hedging.
Figure 1 plots futures prices for crude oil and natural gas over the period 1998 to 2002, based on

the NYMEX near-month contracts. The graph shows very large volatilitiesin oil and gas prices
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during the period. At the end of 2000, for instance, gas prices spiked to $10/Mmbtu, only to fall

back amonth later.

A. Exposuresof oil and gasfirms
Wefirst estimate oil and gas beta for each firm using a two-factor model:

Ri=a+ B * Ruwi + Boini X Ry + &4 (69)

Ri t = ai + le,i x Rmkt,t + ﬁgas,i x Rgas,t + gi,t (6b)

where

R isthetotal stock rate of return for firm i in montht
Rkt t 1S the monthly rate of change in the stock market index, taken as the S& P 500 index
R,  isthe monthly rate of change in the price of the NYMEX near futures contract for oil

R .. .1Ssthe monthly rate of change in the price of the NYMEX near futures contract for

gas,t

natural gas

Table 1V presents the results estimated with monthly data over the period 1999 to 2002, which
are the years following the annual disclosures, as derivatives positions generally serve to hedge
next year production. During this period, 38 firms, including hedging and non-hedging firms,
had complete return data. Panel B also report results for a three-factor model, where both energy
variables are in the equation; this specification, however, is more susceptible to collinearity.
[Table 1V hereg]
The table confirms that exposuresto oil and gas prices are mostly positive and generally

significant.”® Wefind that about 92% of the oil betas and 95% of the gas betas are positive. For

19 We repeated the analysis using the residuals of the regression on the stock market and found similar results. This
is because oil and gas variables are basically uncorrelated with the stock market, with correlations of 0.09 and -0.03
for our sample. Also note that this orthogonalization raises econometric difficulties, raised by Pagan (1984) and
examined by Jorion (1991) in the context of measuring foreign currency exposure.
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the median firm, a1% increase in oil (gas) prices will lead to a0.28% (0.41%) increasein the
stock price. These numbers are similar to those found by Rajgopal (1999) over the 1993 to 1996
period.
B. Effect of hedging on Boi and Bgas

Next, we examine whether hedging has an effect on oil and gas betas. The estimated
equations are

oil reserve

Ri=a+ B xRuee + (728615 + 73 TE.I)R)N + Pas X Ryast + € (7)

gasreserve

Ri=a+ L, xRy + oilXR)il,t"'(7/4+7/5A96‘5'i 7 MVE, i)RgaS,I_‘_mvt (8)

where

A, and A, aretherelative production deltas at the end of the previous calendar year,

which represents hedging
oil reserve/MVE and gas reserve/MVE are the dollar value of reserves divided by the total
market value of equity®

Our main hypothesisis that hedging will reduce the stock price sensitivity to oil and gas
prices. We predict a negative sign on both y, and ys. In addition, the fraction of reserves should
be positively related to the stock price exposure to energy prices. The rationale for thisis that
firmsthat have a greater proportion of their assets in the form of, say, oil reserves, should have a
greater exposure to oil prices.® We predict a positive sign on both vz and ys.

Out of 330 firm-years, 146 firm-years had oil hedging activities and 174 firm-years

reported gas hedging activities. To facilitate the matching of equity returns to price changesin

% For increased precision, both the numerator and denominator are updated each month using changes in energy and
stock prices. Theratioisreset to the number reported at the end of each year.

% Rajgopal (1999) derives the functional form for Equations (7) and (8). Because the dependent variable involves
the price of equity, he shows that the denominator for the reserve ratio should be the market value of equity.
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oil and gas, we further excluded firms with non-December fiscal year-end. Using monthly stock
returns from 1999 to 2002, this gives us 110 firm-years to estimate the oil price equation, and
148 firm-years to estimate the gas price equation.

Thetop panel in Table V presents the estimation results for the separate sample of oil and
gas hedging firms. The bottom panel in Table V displays the results combining both the oil and
gas price sensitivity for all 165 firm-years with both oil and gas exposure and some oil or gas
hedging. We see that oil and gas hedging reduces the sensitivity, as expected, with significantly
negative coefficients for v, and ys in Panels A and B. Greater oil and gas reserves increase the
sensitivity, also as expected, with significantly positive coefficients for y3 and ys. Rajgopal
(1999) aso reports significant hedging effects for both oil and gas.

[TableV here]

In general, these results indicate that market recognizes the effect of hedging activities on

the stock’ s exposure to commodity prices. The next step isto ask whether greater hedging is

associated with greater market values.

V. Firm Value and Hedging

A. Univariate Analysis

In this section, we test the main hypothesis, which is whether hedging firms have higher
Q ratios than non-hedging firms. Univariate results are presented in Table VI. Unlike the
findings from Allayannis and Weston (2001), we do not find statistically significant differences
in firm values between hedging and non-hedging firms.

[Table VI here]
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Panel A and B consider firmswith oil exposure. Panel A compares oil-hedging firms
with non-oil-hedging firms. Panel B compares oil-hedging firms with firms that do not hedge at
al, whichisasmaller sample. For both panels, Q ratios are not much different across groups.
For Panel A, for example, hedgers have dightly lower Q1 and Q2 but slightly higher Q3 ratios.
The differences are on the order of 4% but not significant. We find similar results for the group
of firmswith gas exposures, as reported in Panels C and D. Thus, there is no evidence of
systematic difference in Q ratios for hedgers and non-hedgers.

The table also compares firm sizes across these two groups. Here, we find strong results.
Consistent with the previous literature, hedging firms are much larger than non-hedgers. On
average, hedgers are two to three times the size of non-hedgers. Size, however, may aso affect

the Q ratios.

B. Multivariate Analysis
Because Q ratios are affected by many factors, we isolate the effect of hedging with

multivariate tests. We estimate three specifications for the regression models

Q=a +p x Dummy (=1if hedging) + % y; x control variables + ¢ 9
Q=a + B x Delta_production + 2%y x control variables + ¢ (10)
Q=oa+p x Delta reserves +2;vy; x control variables + ¢ (11)

For the oil exposure, for instance, Delta_production is taken as the relative delta oil production
measure defined in Equation (1). Here, we also measure the extent of hedging activities. So,
these tests should be more informative than tests based solely on the existence of any hedging
activities.

Because raw Q ratios are skewed to the right, the dependent variables are the logs of the Q

ratios. The coefficients can then be interpreted as elasticities. Because the regressionsinvolve
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multiple years, we also include annual dummies, which are not reported. Even so, the residuals
for each firm may not be fully independent across years, which would tend to understate the OLS
standard errors. So, we implement a Huber-White-Sandwich estimate of standard errors that
accounts for clustering across firms, and heteroskedasticity.

We include the following control variables, asin Allayannis and Weston (2001).

1) Firmsize: Previous empirical evidence on the effect of firm sizeon firm valueis
ambiguous. However, it isimportant to control for size because large firms are more likely to
hedge than small firms. The proxy islog of total assets.

2) Profitability: Profitable firms are more likely to have higher Qs than less profitable ones.
The variable istaken asthe ROA, defined as the ratio of net income to total assets. We expect a
positive coefficient on this variable.

3) Investment growth: Firm value may also depend on future investment opportunities. We
use capital expenditure over total asset as aproxy. We expect a positive coefficient on this
variable.

4) Accessto financial markets: If hedgers have limited access to financial markets, their Q
ratios may be high because they are constrained to take only the projects with the highest NPVs.
To proxy for afirm’s ability to access financial markets, we use a dividend dummy that equals
oneif the firm paid dividends on common equity in the current year. In thisinterpretation, the
coefficient should be negative. On the other hand, dividends can be viewed as a positive signal
coming from management, which should imply a positive coefficient.

5) Leverage: A firm's capital structure may be related to its value. We use aleverage
variable defined as the book value of long-term debt over market value of common equity.

Next, we add a new variable that is specific to this industry:
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6) Production costs. Thisrefersto the cost of extracting oil and natural gas and includes
both the lifting cost and production taxes. Lifting cost is defined as “the out-of-pocket costs per
barrel of oil and natural gas produced to operate and maintain wells and related equipment and
facilities after hydrocarbons have been found, acquired, and developed for production.”? Oil
and gas firms consistently report their production cost in their 10-K, either on the basis of per
Boe (Barrel of oil equivalent) or per Mcfe (thousand cubic feet equivalent). We expect the Q
ratio to be negatively related to production costs.

Finally, we exclude other variables that appeared in Allayannis and Weston (2001).

1) Industrial and geographic diversification: Previous empirical evidence suggests that
diversification is negatively related to firm value. However, out of 330 firm-yearsin our sample,
only about 20% conduct business in more than one segment. Similarly, there is insufficient
geographic diversification. Asaresult, we exclude these variables from the list of control
variables.

2) Credit rating (quality): Many firmsin our samples are small and do not carry a credit
rating. Adding this variable would unduly reduce the sample size. In addition, adding seven
credit dummies may reduce the power of the test, given the relatively small sample sizein the

multivariate regression.

Table VI presents the regression results. For comparability with other studies, let us
initially focus on the Q3 measure in Panel C, which is based on the book value of total assets.
The coefficients on the hedging variablesin the regressions are al insignificant, and most of
them carry anegative sign. For instance, the existence of a gas hedging program is associated

with alower market value of 3.7%. An oil hedging program is associated with an increasein

2 See EIA (2002b), pages 31—33.
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market value of 0.7%. Neither number issignificant. Firms that hedge 100% of their oil (gas)
production the next year have lower market value by 4.0% (6.0%). These effects are not
statistically significant, however. For the Q1 and Q2 regressions, we aso find mainly negative
coefficients. The only significant coefficient (Q2 for oil hedging of production) has a negative
sign, suggesting that hedging decreases market value. So, there is no evidence that hedging has
any significant positive effect on firm value.

[Table VII here]

Only one control variable has a strong and consistent effect across all Q-ratio measures.
Investment growth is significantly positively related to Q across all models, indicating that firms
with more investment opportunities are valued with higher Q ratios, as expected. Other variables
are not significant across all three measures but have consistent signs. Production costs are
negatively related to Q ratios, as expected. They are strongly significant using Q2, based on the
market value of reserves and less so with Q1, based on the NPV of reserves. Thiswasto be
expected because Q1 incorporates production costs, but Q2 does not. Asset size and leverage
have positive signs. The remaining variables, ROA and dividends, have weak and inconsistent
effects.

In summary, there is no support to the hypothesis that hedgers have higher Q ratios than
non-hedgers for oil and gasfirms. These results beg the question of the motivation behind these
hedging activities. If hedging has no impact on market values, the explanation probably liesin

management acting for personal utility maximization purposes.
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V. Conclusions

This paper investigates the hedging activities of a sample of 119 U.S. oil and gas
producers from 1998 to 2001. Wetest for adifferencein firm value between firms that hedge or
do not hedge their oil and gas pricerisk.

Focusing on the sample of oil and gas firms has many advantages. Notionals and delta
equivalent can be measured precisely. Data on reserves and production costs can be used to
refine the measurement of the Q ratios. The industry is more homogeneous than a sample of
U.S. multinational s, lessening the possibility of spurious results due to confounding factors. This
allows a clean test of the hypothesis that using derivatives helps to increase market values.

Using Q ratios constructed with various measures of market to book values, we find that
there is generally no difference in firm values between firms that hedge and firms that do not
hedge. Thisis contrary to the findings reported in Allayannis and Weston (2001) for a sample of
U.S. multinationals.

The disappearance of “hedging premium” refutes the hypothesis that risk management is
always a positive-value proposition. It suggests a crucial difference between the nature of
commodity risk exposure of oil and gas producers and the foreign currency risk exposure of
large U.S. multinationals. For oil and gas producers, the commodity risk exposure is easy to
identify and easy to hedge by individual investors. Hedging by the firm does not confer a special
advantage since investors can hedge on their own, using for instance futures contracts traded on
organized exchanges. So, the oil and gas environment is closer to the Modigliani-Miller
irrelevance conditions. On the other hand, the foreign currency exposure of U.S. multinationals

ismuch harder to identify by outside investors. It could also involve exotic currencies for which
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thereisno easily available derivative. Hence, this price risk is more difficult to hedge away by
individual investors.

An dternative explanation is that the hedging premium observed for multinationals
reflects some other factors, such as informational asymmetries or operational hedges, which add
value but happen to be positively correlated with the presence of derivatives. In asample
without such spurious correlation, the effect of derivatives disappears.

Undoubtedly, thisimportant question of the “hedging premium” will be subject to further
empirical research. For the time being, however, this paper has demonstrated that whether
derivatives add value or not does not have asimple answer. At a minimum, the hedging

premium depends on the types of risks the firm is exposed to.
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Appendix A: Example of Market Risk Disclosurein Devon Energy’s 2001 Annual Report

ITEM 7A. QUANTITATIVE AND QUALITATIVE DISCLOSURES ABOUT MARKET RISK
The primary objective of the following information isto provide forward-looking quantitative and
gualitative information about Devon's potential exposure to market risks. The term "market risk”
refersto therisk of loss arising from adverse changes in oil and gas prices, interest rates and foreign
currency exchangerates. (...) All of Devon's market risk sensitive instruments were entered into for

purposes other than trading.

COMMODITY PRICE RISK

Devon's major market risk exposure isin the pricing applicable to its oil and gas production. (...)
Devon periodically entersinto financial hedging activities with respect to a portion of its projected
oil and natural gas production through various financial transactions which hedge the future prices

received. (...)

PRICE SWAPS
Through various price swaps, Devon has fixed the price it will receive on a portion of its oil and
natural gas production in 2002, 2003 and 2004. The following tables include information on this

production. (...)

G| Production

First Half of 2002 Second Hal f of 2002
Bbl s/day | Price ($/Bbls) Bbl s/ day | Price ($/Bbls)
United States 22,000 $23. 85 22,000 $23. 85
Canada 4, 350 $20. 33 4, 350 $20. 33

COSTLESS PRICE COLLARS

Devon has aso entered into costless price collars that set afloor and ceiling price for a portion of its

2002 and 2003 oil and natural gas production. The following tables include information on these

collarsfor each geographic area. (...)

O | Production
First Half of 2002 Second Hal f of 2002
Bbl s/ day Fl oor Ceiling | Bbls/day Fl oor Ceiling
Price Price Price Price
($/ Bbl s) (%/ Bbl s) ($/ Bbl s) ($/ Bbl s)
United States 20, 000 $23. 00 $28. 19 20, 000 $23. 00 $28. 19
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FIXED-PRICE PHY SICAL DELIVERY CONTRACTS
In addition to the commodity hedging instruments described above, Devon also manages its

exposure to oil and gas price risks by periodically entering into fixed-price contracts.

The price Devon will receive on a portion of its 2002 oil production has been fixed through certain
forward oil sales assumed in the 2000 Santa Fe Snyder merger. From January 2002 through August
2002, 311,000 barrels of oil production per month have been fixed at an average price of $16.84 per
barrel. For each of the years 2002 through 2011, Devon has fixed-price gas contracts that cover
approximately 24 Bcf, 19 Bcf, 19 Bcf, 19 Bcf, 19 Bcf, 17 Bcf, 16 Bcf, 16 Bcf, 15 Bcf and 13 Bcf,
respectively, of Canadian production. (...)
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Appendix B. Computation of Oil Delta

This appendix illustrates the computation of the relative oil deltafrom the disclosuresin Devon’s
annual report for 2001. The firm hedges using swaps, collars, and fixed-price physical delivery
contracts.

For instance, the volume sold under the first swap (United States) is 22,000 bbls/day, or
8,030,000 barrels for the year. With a hedge ratio of -1.00 for the short position, this gives atotal
deltaof -8,030,000. Next, we compute the hedge ratio for the collar, which is a short positionin a
call combined with along position in aput. Using Black’s model for valuing futures options, we

have:

In(F,/ X)+ 02T /2

oNT

Since the collar covers the production for 2002, the average maturity of the contract is 6 month,

A(call) =e""N(d,) and A(put) =—€e "N(-d,), where d, =

or T=0.5 year. Asof December 31, 2001, the price of the six month oil futuresis Fo=$20.49/Bhl.
In addition, the interest rate isr=1.79% and the implied volatility is 6=49.06%. We solve for the
call at X=28.19 and find A(call) = 0.24. For the put at X=23, we find A(put)= —0.56. Therefore,
we have A(collar) = —(0.24)+(-0.56) = —0.80. Finally, we aggregate the deltas across the

contracts. This gives atotal deltaof —17,945,750.

Swap- Swap- Fi xed
Contract u. S Canada Col | ar price Tot al
Producti on peri od 2002 2002 2002 Jan- Aug 02
Vol une (Bbl s/ day) 22,000 4, 350 20, 000 10, 032
Vol une (Bbls) 8, 030,000 1,587,750 7,300,000 2,488,000
Price ($/Bbls) $23. 85 $20. 33 $23-$28. 19 $16. 84
Delta -1.00 -1.00 -0. 80 -1.00
Total delta -8, 030,000 -1,587, 750 -5, 840,000 -2, 488, 000|-17, 945, 750

31



For Devon, the oil production over 2002 is 61 million barrels, including natural gasliquids. Proved
oil reserves are estimated at 707 million barrels. Scaling, this gives
Relative delta oil production = - Total delta oil/Next year oil production =17.946/ 61 =29.42%

Relative deltaoil reserve  =- Tota deltaoil/Same year oil reserve  =17.946/ 707 = 2.54%
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Tablel

Description of Sample by Segment I nfor mation

This describes segment information for the sample of 267 firm-years for which this information is available. The
table reports the proportion of firms with one or more segment activities, as well as the distribution of segment to
total sales and segment to total assets.

Segment Activities Obs. % of Segment Sales Segment Assets
sample / Total Sales / Total Assets
Mean  Median Std.Dev. Mean Median  Std.Dev.
Exploration, production 267 100.0% | 94% 100% 15% 96% 100% 11%
Refining, processing, marketing 16 6.0% | 29% 17% 26% 6% 5% 6%
Gas plant, pipeline 3 11% | 24% 2% 39% 11% 2% 16%
Contract drilling, oil field service 16 6.0% | 11% 9% 10% 4% 5% 2%
Others (corporate, trading, etc) 21 79% | 28% 31% 25% 30% 32% 15%

Tablell

Description of Sample by Distribution of Exposures and Hedging Decisions

Panel A breaks down the total sample of 330 firm-years into observations with and without oil exposure, and with
and without gas exposure. Panel B displays the number of firms that report some hedging activitiesinto oil and non-

oil hedgers, and gas and non-gas hedgers.

Panel A: Distribution of Exposures Across Firm-Years

Oil exposure  Non-oil exposure Tota
Gas exposure 319 6 325
Non-gas exposure 5 0 5
Tota 324 6 330

Panel B: Distribution of Hedging Decisionsfor Firm-Yearswith Exposureto Both Factors

Oil hedgers ~ Non-oil hedgers Total
Gas hedgers 106 63 169
Non-gas hedgers 37 113 150
Tota 143 176 319
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Tablelll

Summary Statisticsfor Firm Characteristics

Panel A describes the sample of 119 oil and gas producers from 1998 to 2001, with a total of 330 firm-years observations.
Subsamples of firm-years with oil hedging activities and with gas hedging activities are reported in Panel B and C respectively.
Panel D describes firm-years without any hedging activities. Assets represent book value (BV) of assets. The value of reserveisthe
standardized measure of oil and gas reserves, as reported in annual reports. Oil/gas production hedged is the amount of hedging
divided by the actual production next year. Oil/gas reserve hedged is the amount of hedging divided by the oil/gas reserves reported
for the same year. The three Q ratios share the same numerator and differ only in the denominator. Numerator = BV total assets -
BV common equity + MV common equity. The denominators are for Q1, Q2, Q3, respectively, BV total assets— BV oil/gas proved
reserves + NPV proved reserves, BV total assets— BV oil/gas proved reserves + MV proved reserves, and BV of assets.

Panel A: All firm-years

Obs. Mean  Stddev.  Median 10" perc. 90" perc.
Total assets ($m) 330 974 2319 208 32 2453
Market value of equity ($m) 330 793 2021 91 14 1970
Value of reserve ($m) 329 935 2238 205 24 2410
Q1 329 111 0.53 1.05 0.50 1.79
Q2 330 0.41 0.26 0.37 0.13 0.73
Q3 330 1.39 0.54 131 0.89 1.95

Panel B: Firm-yearswith oil hedging activities

Obs. Mean  Stddev.  Median 10" perc. 90" perc.
Total assets ($m) 146 1465 3030 310 55 3633
Market value of equity ($m) 146 1239 2729 134 18 4355
Value of reserve ($m) 146 1473 3068 336 47 4575
Qil production hedged (%) 145 33 30 24 4 68
Oil reserve hedged (%) 146 4 4 2 0.5 7
Q1 146 1.08 0.49 1.03 0.52 1.69
Q2 146 0.38 0.22 0.34 0.12 0.68
Q3 146 1.40 0.53 131 0.94 1.88

Panel C: Firm-yearswith gas hedging activities

Obs. Mean  Stddev.  Median 10" perc. 90" perc.
Total assets ($m) 174 1277 2668 357 65 3271
Market value of equity ($m) 174 1064 2450 200 29 2166
Value of reserve ($m) 174 1287 2782 353 58 3694
Gas production hedged (%) 172 41 40 33 6 80
Gas reserve hedged (%) 174 5 6 4 0.6 11
Q1 174 1.15 0.48 111 0.52 1.74
Q2 174 0.42 0.24 0.40 0.17 0.74
Q3 174 143 0.51 1.33 0.95 191

Panel D: Firm-yearswithout hedging activities

Obs. Mean  Stddev.  Median 10" perc. 90" perc.
Totd assets ($m) 116 456 1419 50 25 818
Market value of equity ($m) 116 321 979 38 11 472
Value of reserve ($m) 115 361 983 75 12 692
Q1 115 1.06 0.57 0.98 0.45 1.79
Q2 116 0.41 0.30 0.35 0.13 0.78
Q3 116 1.34 0.61 1.27 0.75 1.95
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TablelV
Statistical Propertiesof Stock Price Exposures

This table presents the statistical properties of the exposure coefficients from the two-factor model
Ri=a + L X Ruer + o X Ry + &y
Ri=& + L XRyar + gas,i < Rgas,t +é&;

whereR ., Ry, and R, arethe S&P return, the change in the NYMEX crude oil futures price, and the change in the

NYMEX natural gas futures price. The cross-sectiona distribution of the slope coefficientsis reported in Panel A. Panel B
describes a three-factor model, with the stock market, oil, and gas prices. The sample consists of 38 firms with complete
monthly stock returns from January 1999 to December 2002. Statistical significanceis assessed for a one-sided hypothesis.

Panel A: Two-factor model

Beta oil Beta gas
Mean 0.332 0.371
Median 0.279 0.408
Standard deviation 0.291 0.199
Minimum -0.117 -0.088
Maximum 1.028 0.774
Percent >0 92.11% 94.74%
Percent >0 and significant at p<0.05 31.58% 86.84%
Percent <0 and significant at p<0.05 0.00% 0.00%
Panel B: Three-factor model
Beta_mkt Beta oil Beta_gas Adj.R?
Mean 0.609 0.256 0.34 0.273
Median 0.669 0.215 0.395 0.297
Standard deviation 0.412 0.290 0.199 0.154
Minimum -0.434 -0.186 -0.127 -0.041
Maximum 1.356 0.942 0.729 0.589
Percent >0 89.47% 84.21% 92.11%
Percent >0 and significant at p<0.05 47.37% 28.95% 86.84%
Percent <0 and significant at p<0.05 0.00% 0.00% 0.00%
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TableV

Effect of Hedging on Oil and Gas Betas
This table summarizes pooled cross-section time-series regressions of stock returns on the market and oil (gas) price changes,
with coefficients adjusted for the effect of hedging and reserves, over the years 1999 to 2002. The top panel models the oil
and gas beta separately. For instance, the oil regressionis

oil reserve
Ri=a+ By xRy + (1 + 72861, +73W)Rﬂl,t + Bas X Rypst + i

whereA ;, istherelative production deltaand oil reserve/MVE is the dollar value of reserves divided by the total market

value of equity. The bottom panel jointly models the oil and gas beta

oil reserve gasreserve
R,t =, + f, % Rrrkt,t +(71+72Aoi|,i +73W)R>il,t +(7/4+7/5Agas,i +y6TEi)RQaSJ tEiy

1
In the top panel, regressionsinclude oil (gas) hedging firms only. In the bottom panel, regressions include all firms with both

oil and gas exposure and some hedging activities. White-adjusted t-statistics are reported between parentheses. ** and *
denotes significance at the 1% and 5% respectively.

Panel A: Separate oil and gas beta model

Independent variable Oil regression Gas regression
R_mkt 0.951 0.842
(10.80)** (11.09)**
R ail 0.203 0.202
(2.58)** (4.37)**
R_gas 0.383 0.284
(16.22)** (7.48)**
Delta (oil/gas) x R_(oil/gas) -0.446 -0.118
(-2.91)** (-2.20)*
[Reserve (oil/gas)/MVE] x R_(oil/gas) 0.012 0.025
(3.52)** (3.15)**
Adjusted R-sguared 27.14% 23.73%
Number of firm-years 110 148
Number of observations 1320 1776

Panel B: Joint oil and gas beta model

Independent variable Coefficients  T-statistics
R_mkt 0.854** (12.04)
R_oail 0.248** (4.37)
Delta ail x R_oil -0.443** (-3.15)
[Reserve oil/MVE] x R_oil 0.013 (1.39)
R_(ges) 0.293** (8.68)
Delta gasx R_gas -0.120** (-2.43)
[Reserve_gasMVE] x R_gas 0.023** (2.89)
Adjusted R-sgquared 24.45%

Number of firm-years 165

Number of observations 1980
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Table VI
Comparison of Hedgers and Non-Hedgers

This table compares the means and medians of Q ratios, total assets and MV of equity for hedgers and non-hedgers.
Panel A compares the firms with and without oil hedging activities, while panel B compares firms with oil hedging
activities to firms with neither oil nor gas hedging activities. Similarly, panel C compares the firms with and
without gas hedging activities, and panel D compares firms with gas hedging activities to firms with neither oil nor
gas hedging activities. Comparison of meansis constructed using at-test assuming unequal variances, comparison
of medians is constructed using Wilcoxon ranksum Z-test. Two-sided p-values are reported.

Panel A: Oil-hedging vs. Non-oil-hedging firm-years

Variable Hedgers Non-hedgers Difference T-stat (mean) p-value
(146 obs.) (178 obs.) Z-score (median)
Q1 (mean) 1.08 1.12 -0.04 -0.58 0.56
Q1 (median) 1.03 1.06 -0.03 -0.41 0.69
Q2 (mean) 0.38 0.43 -0.05 -1.94 0.05
Q2 (median) 0.34 0.40 -0.06 -1.56 0.12
Q3 (mean) 1.40 1.36 0.04 0.80 0.43
Q3 (median) 1.31 1.30 0.01 0.49 0.63
Total assets ($m, mean) 1465 595 870 3.18 0.00
Total assets ($m, median) 310 117 193 5.08 0.00
MV of equity ($m, mean) 1239 441 798 3.32 0.00
MV of equity ($m, median) 134 66 63 341 0.00

Panel B: Oil-hedging vs. Non-hedging firm-years

Variable Hedgers Non-hedgers Difference T-stat (mean) p-value
(146 obs.) (115 obs) Z-score (median)
Q1 (mean) 1.08 1.05 0.03 0.46 0.64
Q1 (median) 1.03 0.98 0.05 0.84 0.40
Q2 (mean) 0.38 0.41 -0.03 -0.97 0.33
Q2 (median) 0.34 0.35 -0.01 -0.44 0.66
Q3 (mean) 1.40 1.32 0.08 1.25 0.21
Q3 (median) 1.31 1.27 0.04 1.23 0.22
Total assets ($m, mean) 1465 460 1005 354 0.00
Total assets ($m, median) 310 51 259 7.02 0.00
MV of equity ($m, mean) 1239 322 917 3.76 0.00
MV of equity ($m, median) 134 37 97 5.19 0.00
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Panel C: Gas-hedging vs. Non-gas-hedging firm-years

Hedgers Non-hedgers Difference T-stat(mean) p-value
(174 obs.) (151 obs.) Z-score (median)

Q1 (mean) 1.15 1.08 0.07 1.23 0.22
Q1 (median) 1.11 0.99 0.12 191 0.06
Q2 (mean) 0.43 0.39 0.04 1.30 0.20
Q2 (median) 0.40 0.34 0.06 2.23 0.03
Q3 (mean) 1.43 1.36 0.07 1.10 0.27
Q3 (median) 1.33 1.30 0.03 1.32 0.19
Total assets ($m, mean) 1277 654 623 2.48 0.01
Total assets ($m, median) 357 83 274 6.98 0.00
MV of equity ($m, mean) 1065 505 560 2.59 0.01
MV of equity ($m, median) 200 48 152 6.12 0.00

Panel D: Gas-hedging vs. Non-hedging firm-years

Hedgers Non-hedgers Difference T-stat(mean) p-value
(174 obs.) (114 obs.) Z-score (median)

Q1 (mean) 1.15 1.07 0.08 1.26 0.21
Q1 (median) 1.11 1.00 0.11 1.82 0.07
Q2 (mean) 0.43 0.41 0.02 0.52 0.61
Q2 (median) 0.40 0.35 0.05 1.35 0.18
Q3 (mean) 1.43 1.35 0.08 1.24 0.22
Q3 (median) 1.32 1.28 0.05 1.59 0.11
Total assets ($m, mean) 1277 464 813 3.35 0.00
Total assets ($m, median) 357 52 305 7.87 0.00
MV of equity ($m, mean) 1065 326 739 3.56 0.00
MV of equity ($m, median) 200 39 161 6.70 0.00
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TableVII
Hedging and Firm Value

This table presents the pooled time-series cross-section least-squared regressions of the impact of hedging on firm value.
Models used are:

Qratio=a + 3 x Hedging_dummy (=1 if hedging) + X y; x control variable + &
Qratio = oL + 3 x Delta_production + X j x control variable + &
Qratio = oL + 3 x Delta reserve + X yj x control variable + ¢

Q ratios are measured by natural log of Q1, Q2, and Q3. The sample includes 119 firms over calendar years of 1998 to 2001,
or atotal of 330 firm-years. 324 firm-years have exposure to oil price and 325 have exposure to gas price. Hedging_ dummy
is a dummy variable equal to one if the company hedges; delta production is the ratio of total hedges to production;
delta_reserveistheratio of total hedges to reserves. The control variables are as follows. Log(asset) isthelog of BV of total
assets. ROA is defined as the ratio of net income to total assets. Inv_growth is measured by capital expenditure over total
assets. Leverage is defined as the BV of long-term debt over MV of common equity. Dividend dummy equals one if the firm
paid dividend on its common equity in the current year. Production cost is dollar cost per barrel of oil equivaent. Annual
dummies are included in the regressions but are not reported here. Standard errors are corrected for correlation on afirm level
and for heteroskedasticity using the Huber-White-Sandwich estimator. T-statistics are reported in the parentheses. * and **
denotes significance at the 5% and 1% level respectively.

Panel A: Dependent variableisIn(Q1),
Q1=(MV assets)/(BV total assets- BV oil/gasreserves + Net present value of reserves)

Qil Gas
Model: 1 2 3 1 2 3
Observations 318 317 318 319 317 319
R? 0.457 0.462 0.456 0.456 0.450 0.447
Hedging dummy -0.018 -0.043
(-0.35) (-0.88)
Delta_production -0.129 -0.083
(-1.39) (-1.50)
Delta reserve -0.001 -0.128
(-0.00) (-0.25)
Log(asset) 0.067 0.068 0.065 0.059 0.059 0.055
(3.51)** (3.71)** (3.55)** (3.12)** (3.18)** (2.95)**
ROA -0.035 -0.037 -0.036 -0.036 -0.016 -0.035
(-0.41) (-0.43) (-0.41) (-0.42) (-0.18) (-0.40)
Inv_growth 0.580 0.570 0.578 0.572 0.571 0.555
(3.67)** (3.59)** (3.68)** (3.62)** (3.62)** (3.46)**
Leverage 0.003 0.003 0.003 0.003 0.003 0.003
(1.59) (.71 (1.57) (1.61) (1.62) (1.51)
Dividend dummy 0.083 0.073 0.085 0.098 0.092 0.103
(1.54) (1.33) (1.59) 2.77) (1.63) (1.84)
Production cost -0.021 -0.021 -0.021 -0.024 -0.023 -0.023
(-1.77) (-1.77) (-1.76) (-2.09)* (-1.99)* (-1.98)*
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Panel B: Dependent variableisIn(Q2),
Q2=(MV assets)/( BV total assets - BV oil/gasreserves+ MV reserves)

Qil Gas
Mode: 1 2 3 1 2 3

Observations 319 318 319 320 318 320
R? 0.412 0.423 0.411 0.414 0.416 0.416
Hedging dummy -0.085 0.030

(-1.12) (0.39)
Delta_production -0.312 -0.103

(-2.37)* (-1.12)
Delta reserve 1.082 0.874
(1.35) (1.34)

Log(asset) 0.024 0.023 0.014 -0.003 0.005 -0.003

(0.78) (0.82) (0.48) (-0.09) (0.17) (-0.12)
ROA -0.027 -0.033 -0.028 -0.074 -0.090 -0.065

(-0.19) (-0.23) (-0.19) (-0.53) (-0.64) (-0.45)
Inv_growth 0.909 0.882 0.881 0.796 0.840 0.772

(3.50)** (3.43)** (3.39)** (3.78)** (3.88)** (3.63)**
Leverage 0.003 0.004 0.003 0.003 0.003 0.003

(1.99)* (2.58)* (1.70) (1.58) (1.58) (1.72)
Dividend dummy -0.059 -0.078 -0.041 -0.011 -0.028 -0.003

(-0.73) (-0.98) (-0.52) (-0.14) (-0.33) (-0.04)
Production cost -0.067 -0.069 -0.066 -0.071 -0.073 -0.070

(-3.69)** (-3.68)** (-3.57)** (-4.06)** (-4.20)** (-3.98)**

Panel C: Dependent variableisIn(Q3), Q3=(MV assets)/(BV assets)

Qil Gas
Model: 1 2 3 1 2 3

Observations 319 318 319 320 318 320
R? 0.274 0.273 0.274 0.251 0.251 0.251
Hedging dummy 0.007 -0.037

(0.18) (-0.85)
Delta_production -0.040 -0.060

(-0.57) (-1.46)
Delta reserve 0.005 -0.469
(0.01) (-1.10)

Log(asset) 0.025 0.027 0.026 0.020 0.019 0.018

(1.38) (1.56) (1.45) (1.03) (0.96) (0.91)
ROA -0.034 -0.034 -0.034 -0.019 -0.007 -0.023

(-0.42) (-0.42) (-0.41) (-0.22) (-0.08) (-0.27)
Inv_growth 0.815 0.809 0.816 0.828 0.823 0.830

(5.08)** (5.00)** (5.09)** (5.04)** (4.92)** (4.87)**
Leverage 0.001 0.001 0.001 0.001 0.001 0.001

(0.46) (0.55) (0.47) (0.45) (0.40) (0.32)
Dividend dummy 0.134 0.128 0.133 0.147 0.144 0.146

(2.24)* (2.1)* (2.26)* (2.28)* (2.19)* (2.22)*
Production cost -0.009 -0.009 -0.009 -0.013 -0.012 -0.013

(-1.149) (-1.13) (-1.13) (-1.49) (-1.42) (-1.51)
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Oil price ($/Bbl)

Figure 1: Crude Oil and Natural Gas Price
(NYMEX Near-Month Futures Prices)
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