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Rivals’ Off-Balance Sheet Disclosures and InvestméDecisions:
Evidence from the Oil and Gas Industry

ABSTRACT

This paper studies the effect of mandated forwaokihg off-balance sheet disclosures on
rival firms’ valuation and investment decisions. Weus our analysis on the mandatory
disclosure of oil and gas (O&G) reserves, a seitinghich off-balance sheet information is
of particular importance to understand industrypdypUsing a comprehensive sample of
Canadian and US O&G producers we document two meselts. First, in contrast with prior
research on the informational effect of peers’ e@®: announcements, we find strong
evidence that more positive news about any pee&& @eserves is associated withwer
rival firms’ announcement returns. Second, consistgith peers’ disclosures affecting
managerial decision making, we document that langereases in peer reserves are
accompanied by amcreasein rival firms’ investment. We corroborate our ulis by
exploiting three sources of institutional variatioRkirst, the North-American pipeline
infrastructure conditions the supply of natural ¢msd thus competition in this market), but
does not affect the supply of oil. Second, theouhtiction of the fracking technology
substantially altered the competition dynamicshe hatural gas market. Third, mandatory
O&G disclosure rules were modified in Canada anel t/§ in a similar fashion, but at
different points in time. Overall, our evidence gesgts that disclosure regulation has
substantial real effects through rivals’ use ofrdeens’ off-balance sheet disclosures.

Keywords: Disclosure Rules, Disclosure of Oil and Gas Reservgormational
Spillovers, Real Effects of Disclosure Regulation.

JEL Classifications: M41



1. Introduction

The analytical accounting literature distinguishesv firm disclosures have both
“financial” and “real” externalities (Dye 1990, Kadia and Sapra 2016). In the case of
financial externalities, a firm’s disclosure updatevestors’ information on the distribution
of other firms’ cash flows, thus changing firmsuddprium price without altering their real
cash flow distribution. In the case of real extéities, a firm’s disclosure alters the
distribution of other firms’ cash flows by influeing managerial investment decisions in
those firms. While prior empirical research studregestors’ use of peer firms’ information
releases (i.e., financial externalities), littlkreown about whether and how firms’ managers
make use of those same releases in real busineisgods (i.e., real externalities). This paper
contributes by examining whether off-balance shkiestiosures contain information that
industry peers use for real investment decisions.

Off-balance sheet disclosures may inform competitor two reasons. First, in
contrast to the on-balance sheet disclosuresitvadlty studied in the information transfer
literature (in most cases earnings-related iteof§jpalance sheet disclosures often contain
information that is forward-looking and thus maiteely to inform about future competitive
prospects affecting investment decisions. Secadifidhatance sheet information is often non-
financial and more specific in nature than on-bedasheet information. This is important
because such information is potentially valuablefifans trying to understand the effect of
peers’ production prospects on the competitivesaade. That said, it is plausible that off-
balance sheet information is of no use for indug&grs because firms are reluctant to
disclose information that could provide a competitadvantage to rivals or because these

disclosures contain information that is already own knowledge among competitors.



To examine the real effects of peers’ off-balarfuees$ information, we focus on the
mandatory disclosure of oil and gas (O&G) resebseblorth-American listed firms. This
disclosure, known gsroved reserves both Canada and the U.S, is an estimate dbtiae
amount of the firm’s O&G reservésAppendix A includes examples of O&G reserves
disclosures in Canada and the US.

The disclosure of O&G reserves in North-America garticularly powerful setting to
address our research question for several reaBoat.O&G reserves are the primary, non-
financial operating asset of O&G firms, and thu#rbalance sheet disclosure of special
importance. Indeed, anecdotal evidence suggedtstdr&et participants often consider O&G
reserves disclosures more relevant for valuatiopgses than on-balance sheet informafion.
Second, proved reserves are estimated as the puedes of the future cash flows generated
by the production of O&G reserves and hence theyadorward-looking measure of O&G
firms’ supply capacity. This is crucial given tlemy lead times on O&G extraction projects.
Third, in a sector where companies are typicaligeptakers, news about proved reserves
likely convey information on industry supply. Ndtet, while knowledge regarding future
0&G demand can be acquired using public sourcasafmation such as weather forecasts,
reports on future economic growth, and/or geopaitanalyses, knowledge regarding future
0O&G supply is more likely to be determined by fispecific information such as variation in

O&G reserves.

! In both US and Canada, “proved” reserves are défiry disclosure rules as “those with at least% 90
probability of being actually recovered.”

2 For example, a JP Morgan Analyst Report (April 2008) states: “EPS and CFPS growth do not tell the
whole story as 1) they do not reflect long-termidfficiency, 2) they are strongly dependenttommodity
prices, which makes us reluctant to use it asragmi metric of success and 3) they do not takeantmunt
differences in timing of growth projects. In an urstry with long lead times on projects, we thinfoeus on
near-term EPS growth might be detrimental to inmestt decisions and thus to longer-term growth.”

3 While empirically challenging to categorize indigstr(Kedia 2006), competition in the O&G industande
theoretically characterized by a Cournot model wirens compete by choosing output quantity or cotrtmi
capacity before choosing price (Kreps and Scheimki®83). Under the assumptions leading to Cournot



The institutional features and the evolution of Nwth American O&G industry
provide unique opportunities for identification. tNieal gas producers heavily depend on the
pipeline transportation infrastructure to acceskmarkets. We measure the degree of
competition of each pair of North-American O&G fsrhased on the regions they can supply
given the existing pipeline infrastructure. Moreguee degree of competition among natural
gas producers significantly increased after theduction of the fracking technology for
natural gas extraction around 2007, thus enablknig test whether the effect of peers’ O&G
disclosures depends on the degree of competitioally;, Canada and the U.S modified their
0O&G disclosure regulation at two different poimsime during the sample period. In 2003,
the Alberta Securities Commission (ASC) introdublkadional Instrument 51-101 “Standards
for Oil and Gas Activities” (NI 51-101). In 200%ed U.S. Securities and Exchange
Commission (SEC) introduced “Modernization of QibdaGas Reporting” (MOGR). The
similarity and staggered nature of these regulatbocks offer a unique opportunity to
empirically identify the real effects of disclosuegulation by testing whether off-balance
sheet information has a stronger effect on pesrsfiafter the tightening of reserves
disclosure rules.

We conduct our empirical analyses using a compiahersample of public Canadian
and US O&G producing firms between 2002 and 20irst,iwe examine the stock market
reaction to peer firms’ releases of news about Q&s&rves. We find that firms experience
lower returns when peers announce larger increa$e&G reserves. This evidence is not

consistent with reserves disclosures conveyingméion on O&G demand. Rather, we

competition, prior analytical research (e.g., Hwang Kirby 2000, Vives 2000) predicts that mandafom
disclosures have an effect on competitors’ behaltiocontrast, predictions using alternative assionp of
competition (i.e., Bertrand) are ambiguous.



interpret this evidence as suggesting that resehgetosures are, on average, informative
about the competitive position of peer firms an@bout industry suppl.

Second, we test whether peers’ disclosures of proegerves are associated with
firms’ investment decisions. Consistent with pedisclosures inducing real externalities,
we observe higher levels of CAPEX when competitisslose larger increases in proved
reserves. We interpret this evidence as suggestaidirms react to rival firms’ increases in
reserves in an effort to avoid losing profits amafompetitive edge.

Additional tests aimed at sharpening identificati@mfirm our interpretation of the
above results. Specifically, we find that the emepirpattern we document is stronger among
pairs of firms with overlapping end-markets, amgag producers after the implementation
of the fracking technology, and among pairs of §inmwhich the disclosing peer is subject
to tighter O&G disclosure rules.

Finally, we compare investors’ and competitorsctemn to peers’ reserves
disclosures to contemporaneous earnings news. €kenswith prior research and in contrast
to our findings on O&G reserves disclosures, ingesadn peers’ earnings appear to be
associated with higher returns at rival firms. Heere earnings news do not exhibit any clear
association with peers’ investment decisions, ssigg that, at least in the O&G industry,
peers’ on-balance sheet information is of limitee to competitors.

This paper makes several contributions to the atdaugiliterature. First, our study
adds to the literature on the real externalitieaamiounting information. The available

evidence documents spillover effects of accountmgreporting on competitors’ real

* For example, an increase in gas reserves by indpsérs could signal a future increase in supplyasf, and
a subsequent drop in the price of natural gas. &th# price drop is probably more than offset eyhitgher
sales volume at the disclosing firm, this needh®othe case at the non-disclosing peer. The USginer
Department also makes this argument when analyhmgeterminants of natural gas prices. They miairleat
“the domestic natural gas prices are driven prilpdny supply (...), so that increased natural gagpbugends
to lower prices” (Source: US Energy Information Adistration, accessed at
http://www.eia.gov/energyexplained/index.cfm?pag@ural_gas_factors_affecting_priges




investment decisions (e.g., Sidak 2003, Sadka 2D06)ev and Mangen 2009, Beatty, Liao
and Yu 2013). In contrast to these papers, ourysiods not focus on the announcement of
accounting irregularities. Instead, we contribuaté¢his literature by providing evidence that
regular, periodic disclosures in accounting repbage real effects on peer firms.

In addition, we contribute to the literature on fimancial externalities of accounting
information. This literature distinguishes betwé&en types of such externalities, namely
“contagion” and “competitive” effects of intra-ingity announcements (Land and Stulz,
1992). A corporate announcement is said to hawatagious” effect when firms’ good
(bad) news elicit a positive (negative) stock markaction of peer firms. Alternatively,
when firms’ good (bad) news elicit a negative (pies) stock market reaction of peer firms,
this effect is referred to as “competitive”.

While the contagion effect of accounting informatioas been widely documented in
the context of earnings announcements (e.g. F8#® 1Foster 1981, Clinch and Sinclair
1987, Han and Wild 1990, Freeman and Tse 1992, VZamhg, Arif and De George, 2015),
management earnings forecasts (Baginski 1987, Wdd,and Ramash 1989, Pyo and
Lustgarten 1990), profit warnings (Tse and Tuck#®@ Alves, Pope and Young 2009), and
earnings restatements (Xu, Najand and Ziegenfud6;Zbleason, Jenkins and Johnson 2008;
Silvers 2016), ours is the first paper documentiognpetitive effects from accounting
information®

Further, our paper adds to the O&G accountingditee examining the information

content of O&G disclosures. Prior research documameak association between levels

® Peer disclosures may have real effects by affgdiims’ responsiveness to investment opportunifies
example, Badertscher, Shroff and White (2013) sthdyeffect of public firms’ higher disclosure sdands on
private peers’ responsiveness to investment oppitigs. In this paper, however, we address a diffetype of
research question, namely whether peer disclogdfest investmentevelsrather tharopportunities

® Two studies in the finance literature document petitive effects of intra-industry announcementsmnely
Lang and Stulz (1992) and Firth (1996). Howevegsthpapers focus on announcements of financingssad
policies (bankruptcy and dividend distributionsthiex than on accounting information.



(changes) of security prices and levels (change®gds valuation disclosures required by
ASC 932 (formerly SFAS 69) for US O&G firnisThree plausible reasons might explain
these results: unreliable estimations of resenantjies (Clinch and Magliolo 1992), flaws
in the mandated valuation model (e.g. use of spoep and a fixed discount rate of 10%),
and model misspecifications (Boone 2002). PatateuRkan and Zha (2015) mitigate these
shortcomings by focusing on royalty trusts and fioblust evidence supporting the
incremental relevance of ASC 932 disclosures ftwatgon. Using a comprehensive sample
of North American O&G public firms, we further caibiute to this literature by documenting
the contrast between the competitive effect ofinfi@mation spillovers related to reserves
disclosures, and the contagion effect of the infiram spillovers related to earnings.

Our findings are relevant for regulators. Regardimg O&G industry, our evidence
suggests that investors benefit from the forwankiiog nature of O&G reserves disclosures
incrementally to the information in accounting eags. Furthermore, we find that
information transfers are stronger after the intitbn of the new O&G reporting
regulations in Canada and the US, consistent Wwehrtitial intention of standard-setters.

More generally, this study furthers our understagdof the real externalities of
disclosure regulation. Our paper responds to LedzVilysocky (2016)’s call for research on
regulation externalities (that is, beyond the dtadscost-benefit analysis at the firm level) as
well as for sharper identification strategies. lnamtext of global convergence, our findings
suggest that standard-setters should be aware giofential transnational spillover effects of
domestic regulations. While O&G reserve disclosumesy appear specific to the North
American O&G industry, we believe that our studyni®rmative for regulators and standard

setters outside Canada and the US. For examplbpuglh IFRS does not contain

' See, e.g., Magliolo (1986), Harris and Ohlson @)9®oran, Collins and Dhaliwal (1988), Alciatork903),
Shaw and Wier (1993), and Spear (1994).



requirements to disclose reserve estimates and eawhtry decides its own disclosure
regime, an on-going IASB project develops comma@oreng requirements for investigative,
exploratory and developmental activities acrossdewange of activities.

Section 2 describes the sample. Section 3 invéetighe stock market reaction and
firms’ investment decisions around peers’ disclesu6ections 4 and 5 exploit the shocks
introduced by the fracking technology and the ne&@EQlisclosure regulations, respectively.
Section 6 compares the information transfers ofsiewD&G off-balance sheet disclosures
and news in earnings. Section 7 presents addites@ence and robustness tests. Section 8

concludes.

2. Data and Sample Characteristics

Our initial sample comprises all O&G firms listed stock exchanges in Canada and
the US disclosing O&G reserves in the period fra@d2to 2012 For the sample firms
listed on Canadian stock exchanges, we collectaata&G reserve disclosures and other
firm fundamentals from the CanOils Database Lterghafter CanOils).We complement this
information with data from ASC Database and withdvaollected data from Annual
Information Forms, Annual Reports, and Forms 51FI0F2, and F3 obtained from the
System for Electronic Document Analysis and Retai¢BEDAR). The dates of release of
the Annual Information Forms and Annual Reportsratgeved from SEDAR using a
Python algorithm. For the sample firms listed ond#&k exchanges we collect data on

O&G reserve disclosures from Capital 1Q and Evauatergy (a provider of financial data

® These exchanges are the Toronto Stock Exchangé) @&l the Toronto Venture Exchange (TSX-V) in
Canada, and NASDAQ, AMEX, and NYSE in the US.

® CanOQils is the leading commercial database fahallCanadian O&G exploration and production corigsn
It contains information from annual financial statnts and yearly O&G reserve disclosures fromhall®&G
companies listed on the Toronto Stock Exchange (T8 the Toronto Venture Exchange (TSX-V).



for US O&G firms). We complete our final datasetiand-collecting data from 10K reports
found in the SEC database, EDGAR.

We obtain stock market data from Datastream, Blagmbl SX Venture Summary
Trading Files, and the Center for Research in $tydarices (CRSP). Datastream and
Bloomberg provide historical stock market datadommon equities traded on the TSX. TSX
Venture Trading Summary Files is a database supplehe TMX group with market
information on the TSX-V equiti€®¥.

Our empirical tests require imposing some fil@nshis initial sample. First, we
exclude companies for which we do not find stodkgs in the Datastream, Bloomberg, and
TSX-V databases. Second, we exclude observatidh®utireserves data (these observations
correspond to firms in a very early stage of exgtion). Third, we drop observations from
firms that are not pure O&G producers because dheations of these firms might relate to
factors other than O&G reserves, thus potentiatyfeunding our results. These data
requirements result in a final sample of 361 filensl 1,843 firm-disclosure observations
during the sample period. To our knowledge, outeeésmost comprehensive sample ever
used in a study of the North American O&G industry.

To analyze firms’ reactions to peers’ disclosures construct a sample of firm-peer
disclosures by pairing each firm-disclosure obsenawith all the peer-disclosure

observations occurring in the next 365 days. Thiegss results in 395,968 observations.

%\we adjust prices for splits, consolidations, aivideénds using additional sources. For splits, we the TSX
Venture Listed Company Contacts, a TMX Group datatihat provides monthly outstanding shares, and we
combine it with the information on the date of &pfrom CanOils. For dividends, we programmed déyt
algorithm to download all daily publications frofret Toronto Stock Exchange FTP website
(http://lwww.tmx.com/en/listings/products_servicesdiata_solution/venture_market_information.html) to
extract the ex-dividend date, currency, and dividemount for each company. We thank Jill Scullfooim

TMX group, for suggesting this idea.

M These include integrated oil, funds, and exploraéind production firms with more than 5% of revesu
coming from sources other than exploration and pectdn (i.e., real estate, drilling, marketing, anitistream
and refining services).



Table 1 presents the descriptive statistics of rfimmcharacteristics for the sample
of firm-disclosure and firm-peer-disclosure obsénsgs. The higher number of Canadian
firm-disclosure observations reflects that the TwooStock Exchange (TSX) and the TSX
Venture Exchange list the largest number of O&@&ramong all the stock markets
worldwide. The sample firms typically produce mges than oil. The average portion of gas
production is 57% and it exhibits a substantiaksrsectional variation with a standard
deviation of 35%.

To measure O&G reserves news for each firm-discéosbservation, we define
A Reservess the percentage change in the annual O&G pn@sgsiives. Proved reserves
represent the amount of reserves classified ay&gan regulatory filings and measured in
either millions of barrels of oil equivalent (BO&) Canadian dollar¥* The reserves amounts
are economically substantial. In Canada, the meeadi@n) value of proved reserves over the
sample period is 35.17 (1.73) millions of BOE's,igthare valued at C$ 399.16 (20.21)
million. On average, this is equivalent to 82%tw book value of assets, and 107% of the
total market capitalization of our sample firmsthe US, the mean (median) value of proved
reserves is significantly larger at 282.22 (34 m#)ions of BOE's, which are valued at US$
2,444.74 (413.90) million. Relative to firm sizeese amounts represent 188% of the book

value of assets and 96% of the total market cagstiadn >

2Regulatory filings of O&G reserves also mandateldsures of proved reserves expressed in dolldmssd
dollar amounts are computed as the net preseng wdlihe disclosed physical reserviesour main tests, we
use physical reserves amounts (i.e., BOE) to ercsurgarability of these amounts across time arad/¢od
measurement error (dollar estimates of reservagsreegssumptions about future production schednéeket
prices, extraction costs, and discount rates, armtmegy factors). That said, we repeat our mairstesing
reserve disclosures expressed in dollars and obitaitar inferences.

13That, on average, proved reserves can exceed bothvalue of assets and market value of equity is
unsurprising. First, O&G assets on the balancetsreerecognized on a historical cost basis, stibjec
subsequent impairments. So, unlike off-balancetIBé&s reserve disclosures, recognized O&G assetsotio
reflect the upside of new O&G discoveries or piitaeases under both Canadian and US GAAP. Setuesk
firms are leveraged, so market value of equitgss Ithan the enterprise value.



The disclosed reserves amounts exhibit significamg-series variation. Indeed,
A Reservess higher than 50% in more than 20% of the obs&ms, mainly due to the
effect of new O&G discoveries. Firms report incesas) proved reserves more often than
decrease] Reservess positive in 65% of the observations). A natugblanation is that
proved reserves are conservative estimates of G@&é&xves (i.e. at least a 90% probability of
being actually recovered) that over time tend ®orttean as uncertainty unravels. Increases in
proved reserves are associated with positive abalaeturns at the disclosing firm. In
untabulated tests we find that firms disclosingvamedian values ad_Reservegxhibit an
abnormal stock return of 1.26 (t-stat. = 2.45) dgithe (-1, +1) day-window around the
reserves disclosure. In contrast, firms disclosieipw-median values ad_Reservegxhibit

an abnormal stock return of -0.34 (t-stat. = -1duning the same window.

3. Market Reaction and Investment Decisions
3.1. Stock Market Reaction to Peers’ Disclosures

To explore whether reserves disclosures contaornmdtion that can be used by
competitors, we first analyze the stock price rieacto peers’ release of reserves
information. Using our sample of firm-peer-disclosobservations, we test the following
model:

Abn_Ret ap + o1*A_Reserves_Peer ¢ Controls+ Firm-Peer FE+¢ (1)
For each firm-peer-disclosure observatidbn_Reis the firm’s market-adjusted return over
the (-1, +1) day window around the peer’s disclesafrreservesdd Reserves Peés the

peers’ fractional change in disclosed proved resgf\Controlsis a vector of control

14 We winsorized_Reserves_Pe¢o eliminate the effect of outliers. We also coctda battery of additional
checks to ensure that our results are not drivenubiiers. First, we eliminate observations withdgtintized

10



variables found by the literature to be correlatdith the cross-section of returns.
Abn_Ret_Peeis the peer’'s market-adjusted return over the 1) ,day window around the
peer’s disclosure of reserves. We include thisaldei to control for other relevant
information about the peer on the peer’s disclosiate. That is, this variable is a summary
statistic for industry and firm-specific news (inding other, potentially simultaneous, peer
disclosures on that day).

Controlsalso includes variables found by prior literattodde associated with the
cross-section of returnSizeis the logarithm of the firm’s equity market valaedBM is the
Book-to-market ratio. Both variables are measutdteaend of the fiscal year prior to the
firm’s disclosure datePast_Returns the compounded return over the 365 days poiting
end of the fiscal year prior to the firm’s discloswate. The specification includes firm-peer
fixed effects. That is, we test whether, for eaaln pf firms, the stock of each one of the pair
firms reacts to changes in the peer’s disclosegives. Note that including firm-peer fixed
effects controls for firm and peer time-invariahticacteristics as well as for their joint
characteristics such as their degree of competition

As previously explained, if the disclosure consamformation mainly on industry
demand, the release of good (bad) news by a iivalvill elicit a positive (negative)
reaction on the firm’s stock price. That ég,will be positive. In contrast, if the disclosure
contains information mainly on industry supply, teéease of good (bad) news by a rival

firm will elicit a negative (positive) stock prigeaction, and thug; will be negative.

residuals greater than three. Second, we repeadésisrusing a robust regression that assigns laeights to
influential observations. Third, we apply a loglniic transformation tal Reserves_Pedwe take the
logarithm of one plugl Reserves_Pegfourth, we takeuintile ranks of4_Reserves_PegFifth, we define an
indicator variable that equals onedif Reserves_Peés greater than 0.5 (i.e., the upper quartile thoty, and
zero otherwise. We also construct this indicatoiaide based on fractional change in reserves hadges in
reserves scaled by total ass&tisth, when the corresponding data are availabdecomputed Reserves Peer
using proved reserves expressed in dollars. Aflidtadternative specifications lead to the sameenfes.

11



Table 2, Panel A, presents the results of estigaquation (1). Consistent with
peers’ reserves disclosures containing informatiomdustry supply, the coefficient on
A_Reserves_Peés negative and significant regardless of theusicn of control variables
(t-stat. range from -5.40 to -5.8%) ranges from -0.08 to -0.09. This suggests thatta 50
increase in peer reserves is associated with & ptame decrease of approximately 4-5 basis

points™®

3.2. Investment Decisions around Peers’ Disclosures

We next explore whether peers’ disclosures of keseare associated with changes in
firms’ investment decisions. In parallel with theepious test, we replace the dependent
variableAbn_Retwith CAPEX defined as capital expenditures scaled by teistts.
Following prior literature on the determinants i¥éstment decisions, we include two
additional variabled,everage andROA Leverages defined as total debt scaled by total
assetsROAIs net income scaled by total assets.

Table 2, Panel B, presents the results of estimaihiis variant of equation (1). In
contrast to Panel A, the coefficient AnReserves_Peés positive and significant-6tat.
range from 9.46 to 12.45). This result is consistgth firms responding to peers’ increases
in future supply by increasing its investment. Tinegnitude ofa; ranges from 0.29 to 0.41.
This suggests that a 50% increase in peer resmrassociated with a CAPEX increase of

approximately 30-40%GAPEXis expressed in percentage terms).

3.3. Exploiting Variation in the Degree of Compgetit

15 As shown in Table 1, the mean valueAbin_Reis positive. However, when estimating equation (1)
excludingA Reserves Peemnd fixed effects, the intercept is negative, sstigg that it is not clear that the
positive average value é&bn_Reteflects that peers’ reserves announcements aerajly good news.

12



Our setting provides an opportunity to measuredtigree of competition in the
natural gas market between each pair of firms basdtieir location. As gas transportation is
mainly restricted to pipeline systems, the abitifya gas producer to supply a certain territory
crucially hinges on the location of that producdative to the pipeline network connecting
the extraction site with that territory. Thus, thegree of overlap in the end-markets served
by a given pair of firms (i.e., their degree of qmatition) is determined by those firms’
location. Note that, in contrast, oil transportataffers substantially more flexibility (oil can
be shipped via supertankers, trucks, and pipeli@aed)}hus the degree of competition in the
oil market among North-American suppliers is likebyexhibit less cross-sectional variation.

Figure 1 presents a map of the gas pipeline netimoRorth America. The map
shows that the network does not equally interconakkthe regions, suggesting that the
degree of competition among gas producers cruaigpends on their location. We note that,
as the pipeline infrastructure extends across losytlee degree of competition of a given pair
of firms is not necessarily defined by whetherfihas are located in Canada or in the US.
Figure 2 further illustrates this point by presegton a map the actual pipeline capacity
flows among regions in 2008. As shown in the figar&érm located in the US Western
region is unlikely to compete in the gas marketvaitfirm located in the US Southeast region
because the pipelines closest to the two firmsadsupply any common market. In contrast,
a firm located in Alberta (Canada) and a firm leckin the US Midwest region are likely to
compete in the gas market of Ontario.

To gauge the degree of competition between a gra@nof firms we measure the
similarity of the end markets each firm has theeptal to serve. For each firm-year, we

construct an output vectovd) containing an estimation the fraction of the gagplied by

13



the firm to each of the North American regions defi by the U.S Energy Information
Administration and Canada:

P11 P17

Vo=VixMp=(; I, It L Is Ig 17)< P )
P71+ Pr7
=0, 0, 03 0, Os Og 0,
V|, measures the fraction of gas produced by theifireach of the seven gas regions in North
America’® Mp is an input-output matrix containing the fractiamigyas capacity flows among
regions. For example,jis the fraction of gas capacity flow from regioto regionj.’’ To
compute B, we collect annual data from the US Energy InfdrameAdministration (EIA) on
the gas pipeline infrastructure capacity flows agimgions (see Figure 2 for an illustration).
Specifically, we collect information on how muchsgaan be potentially transported from one
region to each one of the other six regions. Appe@dorovides an example with the input-
output matrix for 2008. 2 = 0.16 means that the production of gas in thenegf Canada
(region 1) that might potentially go to the Midwésgtgion 3) is 16%.
The degree of competition for each pair of firmsisasured by computing the cosine

similarity of the two output vectolg,. The cosine similarity is a measure of similarity

between two vectors of an inner product spacertteasures the cosine of the angle between

V1iv2

them, i.e. Cop = m

(where v1 and v2 are the vectdfscorresponding to the first and

second firms in the pair). This measure ranges fddm1. A score of 0 means that the

vectors are orthogonal (i.e. at a 90° angle), anthes two firms do not share any end-market.

'8 Since no data are available on the fraction ofigaduced by our sample firms in each region, veeime
that all the production is done in the region whbeefirm headquarters are located. A casual irtgpeof our
sample shows that this assumption is reasonalgecigdly for the medium and small firms that corsprimost
of our sample. To illustrate this point, AppendipBvides examples of firms that disclose informatbn the
location of gas properties. As shown in the appentlis not uncommon that O&G firms only extraetsgn the
region in which they are headquartered.

" Note that this matrix is not symmetric and the ants in a given column do not necessarily add up to
However, the amounts in a given row do add up tal&ss the region exports to Mexico.
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A score of 1 means that the vectors have the saimatation (i.e. at a 0° angle), so they are
either identical or their values differ by a comstéactor. In other words, the two companies
share the same end-markets.

One possible concern about measuring end-markeapvey the cosine similarity of
the vectord/, is that this measure assigns the same value a0 afpundiversified firms (i.e.,
firms operating in a single end-market) than t@a pf diversified firms (i.e., firms operating
several end-markets). To check that our infereacesiot sensitive to a potential effect of
diversification on the degree of competition, wenpaite a variant of the prior measure of the
degree competition. Specifically, we compute tredasproduct of the vectoi4, for each
pair of firms. This statistic also has a lower bowh O and an upper bound of 1. While cosine
similarity is a standardized measure (the scaladlyoet of vectors is scaled by the magnitude
of the vectors), this alternative measure is urtiedized and thus produces higher values
when the two vectors have a larger magnitude (autus). To illustrate, assuming only two
regions the scalar product of (1, 0) and (1, @),(tiwo undiversified firms operating only in
one market) is larger than that of (0.5, 0.5) &n8,(0.5) (i.e., two diversified firms operating
in the two markets). This is equivalent to assigrarhigher value to the cases with less
market diversification.

Table 1 presents the descriptive statistics ofetlve® measures. The cosine similarity
has an average of 0.56 and substantial variattandard deviation of 0.43). The scalar
product exhibits substantial variation, as both sneas are highly correlated.

Table 3 presents the results of estimating equétippartitioning the sample of firm-
peer-disclosure observations into pairs with a @ijower degree of competition. As shown
in Table 3, Panel A, the negative association betk Reserves_PeandAbn_Returnis

more pronounced in the subsample of firms withghéi degree of competition, and an F-

15



test shows that this more pronounced pattern isstally significant. Additionally, in Table
3, Panel B, the coefficient adn Reserves_Pe&s more positive and more significant in the
subsample of firms with a higher degree of comjpetjtand an F-test shows that the
difference across subsamples is statistically 8agmt. For both panels, the pattern
documented is not sensitive to partitioning the gasassuming either a deterministic or a

probabilistic approach.

4. The Introduction of Fracking

The evidence in the prior section is consistenthwhe notion that peer’s disclosed
reserves contain information on industry supplpeathan demand, and that firms react to
increases in peer’s reserves by increasing invegtriie further corroborate that reserves
disclosures are informative about the competitivarenment, we next exploit the
introduction of a technological change during cample period that substantially changed
the dynamics of competition in the natural gas re@ark

In recent years, the North American O&G industrg baperienced the introduction
of a new technique commonly known as “Hydraulicdtmang” or simply “Fracking”. The
pairing of horizontal drilling with hydraulic fragting brought on significant quantities of
natural gas (shale gas) from previously low-prodg@as deposits in North America.
Between 2007 and 2013 the gas production in thentf®ased by 26% with shale gas
accounting for 40% of all production compared Wiss than 5% at the beginning of 2000.

As a consequence of the discovery and developniervwo natural gas resources in
the North American regions natural gas prices dedppgnificantly (in the US the price of
natural gas decreased as much as 45% from 20@¥18).An contrast, although crude oil

production in the US rose by 45% in the same penddgrices followed a very different
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path. This differential effect on oil prices is dioethe global nature of the oil market (the US
only produces around 10% of the world’s total) &mak price levels are less sensitive to
variations in the North American supply (Source: EXgergy Department). In contrast,
because of transportation constraints, the madketdtural gas is fragmented and sensitive to
local changes in supply. Thus, while the introdutof fracking significantly increased the
competitive pressure in the natural gas marketetfeet of this technology on the oil market
was much less pronounced.

Figure 3 illustrates the decoupling of the natgied and oil prices traditional behavior
since the shale gas revolution in 2007. As showtherfigure, while the correlation between
natural gas and oil prices was very high prior@02 the co-movement decreases
significantly after that year. Although the marketatility that resulted from the financial
crisis in 2007 initially masked this change in prtructure, from 2008 this new pattern
emerges more clearly.

We exploit the differential increase in competitpuessure induced by fracking to
identify whether peers’ reserves disclosures cantdormation about industry competition.
To do so we test whether firms’ reaction to peegsérves disclosures is more pronounced
after the introduction of the new technology ancewlpeers are more active in the gas
market. Specifically, we interagt Reserves_Peavith Post_Frackingan indicator variable
that equals one if the peer's O&G information isaftbsed in the year 2007 or later, and zero
otherwise. Because the effect of fracking is cotreged in the natural gas market, we
partition the sample based Gas_producerdefined as one if the peer firm’s production of
natural gas is greater than 50% of its total prdacand zero otherwise. To corroborate that

the effect of fracking is indeed related to comipat we further partition our sample by the
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degree of competition (as measured in the pricx@®dbetween each pair of firms and
interact4d_Reserves PegBas_producerandPost_Fracking

Tables 4 and 5 present the results of analyzingffeet of the introduction of
fracking in firms’ responses to peers’ disclosufesshown in Panels A of these tables, the
pattern documented in Table 2 is concentrated arfiong with relatively higher gas
production and after the introduction of the fraxgkiechnology. Panels B of both tables
suggest that this pattern is indeed related taéuyeee of competition between each pair of
firms. Overall, the evidence in Tables 4 and Soisststent with the notion that larger
increases in peers’ reserves are associated wiir lieeturns and higher investment when the

competition between the two firms exogenously iases.

5. Tightening Reserves Disclosure Rules

The evidence in prior sections suggest that O&@rwes disclosures convey
information about industry competition. In this sec we explore whether disclosure rules
significantly influence firms’ reaction to peergserves disclosures. That is, we test whether
O&G reserves disclosure rules have real effectisftiyencing peer firms’ investment
decisions. To do so, we exploit changes in the mtmg disclosure rules of O&G reserves
during our sample period.

In Canada, the Alberta Securities Commission (AiB€dduced the National
Instrument 51-101 “Standards for Oil and Gas Atgel’ (NI 51-101) in 2003. The U.S.
Securities and Exchange Commission (SEC) introdacsdhilar regulation, “Modernization
of Oil and Gas Reporting” (MOGR), in 2009. The mded purpose of these regulatory
changes was to reduce ambiguity and inconsistenmsirves disclosure rules. Both

regulations tightened the rules governing oil aad gserve disclosures by introducing
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quantitative, bright-line probability thresholdsthre definition of reserves amouritdn

addition to enhanced disclosure requirements, NL@GILand MOGR introduced other
requirements related to monitoring such as thebkskenent of reserves committees, the
auditing of reserve disclosures by an externaluatal and the disclosure of the evaluator’s
identity, the person in charge of auditing resemw®unts, and the disclosure of the processes
used to produce the reserves estimation, and &ispaclaration of endorsement of the
reserve disclosures by managers and directors.

Anecdotal evidence suggests that these regulab@nyges had a material effect on the
informativeness of North-American O&G firms’ resesvdisclosures. For example, Ryder
Scott Petroleum Consultants (the second largesSD&S evaluator) referred to these
regulatory changes as “the most sweeping changastialeum reserves reporting rules in
more than 30 years.” The descriptive analysis alahrestatements of O&G reserves in
Figure 4 suggests that the upcoming regulatiometi@ significant reaction among O&G
firms. Figures 4a and 4b plot means and media@8@ reservefRevisionover the sample
period for Canada and the US. In Canada, Figurevials an abnormal accumulation of
negative revisions (left axis, in %) in the yeafdoe the implementation of NI 51-101 (i.e.,
2003). Figure 4b shows a similar pattern in the Again, an abnormally high amount of

negative revisions occur in 2008 (the year befbesintroduction of MOGRJ? Consistent

18 Before 2003, Canadian securities regulators defimeded reserves as “those reserves that can ineaé=d
with ahigh degree of certaintip be recoverable.” That is, an amount such titas likely that the actual
remaining quantities recovered will exceed thenestied proved reserves.” In contrast, NI 51-101téigld the
definition of proved reserves to “those reserves lave a probability of being produced of at 1€086.”
Similarly, before 2009, US regulation defined proveserves as “the estimated quantities of crudeatural
gas, and natural gas liquids, which geological @mgineering data demonstrate wi#asonable certaintyo be
recoverable from known reservoirs.” As did NI 51t1€¢he SEC rule adopted a definition of proved mese
consistent with the Canadian Oil and Gas Evaludtiandbook (COGEH). MOGR defined the term
“reasonable certainty” by stating that “there skddo at least a 90% probability that the quantaietsially
recovered will equal or exceed the estimate.”

9 To interpret the accumulation of negative revisishortly before the implementation of NI 51-108 an
MOGR, we first note that negative revisions of rdveserves are relatively rare. Because provedves are
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with these regulations having a first-order eff@atthose firms’ reserves reporting practices,
Badia et al. (2016) find that, in both countrié® teserve disclosures filed under the new
regulations are associated with decreases in llidf@eads and are more closely related
stock price changes.

To test the effect of NI 51-101 and MOGR on firmssponse to peers’ reserves
disclosures, we interagt Reserves Peavith an indicator variable for whether the
disclosing peer is subject to a tighter regulat®pecifically,New_Ruleequals one if the peer
firm is a Canadian firm and the date of reservesldsure occurs after 2003 (that is, under NI
51-101), or if the peer firm is a US firm and thealof reserves disclosure occurs after 2009
(that is, under MOGR), and zero otherwise. Sintidgprior tests, we partition the sample
based on the degree of competition between eauohafid the disclosing peer.

Table 6 presents the results. In Panel A, theaotem betweer] Reserves Peand
New_Rulas negative and significant only for the subsangblpairs with a higher level of
competition. That is, firms’ stock prices react maoegatively to larger increases in peers’
reserves disclosures after the tightening of dsale rules in the foreign peer’s country than
to similar disclosures by domestic competitorsyfdseign competitors before the
regulatory change. Consistently, in Panel B, tieraction betweed Reserves_Peand
New_Rulas positive and significant only for the subsampigairs with a higher level of
competition. That is, after the tightening of dastire rules in the foreign peer’s country
firms exhibit larger investment increases when péeclosure larger reserves increases. In
contrast, this effect is weaker when domestic peetse similar disclosures or when foreign

peers make similar disclosures before the reguylatoange.

conservative estimates (i.e., proved reservesefiead! as those with probability of being producé®0%),
the resolution of uncertainty about these resesrasually favorable. Thus, revisions are typicalbsitive.
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Overall, the evidence in Table 6 suggests thatvesalisclosure rules have real
effects in the economy. To the extent that disci®sules affect how firms’ disclosures are
used by peer firms, Table 6 documents a real exiigyof disclosure regulation. This
evidence is important to understand the effecighiténing pre-existing mandatory disclosure

of off-balance sheet information.

6. Additional Tests
6.1. Off versus On-Balance Sheet Disclosures

A remaining open question from prior tests is wkethff-balance sheet reserves
disclosures are more likely to convey informatidow@ competition than on-balance sheet
amounts. As previously mentioned, the evidenceior pvork seems to suggest that on-
balance sheet information (most notably accourgamings) convey information about
industry-wide demand rather than on competitiam,(industry supply). To reconcile our
findings with prior literature on intra-industryfarmation transfers, we repeat the tests in
Table 3 including a measure of earnings nefvg&arnings,defined as the changeamnual
earnings expressed as a fraction of book valuguityeat the beginning of the year.

Table 7 shows the results. In Panel A, the coeificond_Earningsis positive and
significant, but only in the subsample of firm aivith more overlap in end-markets.
Consistent with prior literature, this evidence gests that earnings are more likely to convey
information about industry-wide demand. Being dbleeplicate the results from prior
literature on this specific setting also mitigaties potential concern that our evidence reflects
a specific feature of the O&G industry that migbt generalize to other industries. While
O&G reserves are especially important off-balarfees disclosures and, therefore, their

effect is potentially easier to detect than thadbtber off-balance sheet disclosures.
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Nevertheless, we see no reason why forward-lookiag;financial disclosures in other
industries could not be similarly used by compesitand market participants to understand
the competitive landscape of the industry.
In contrast to Panel A, Panel B reports no sigaiftcassociation between
A Reserves_PeandCAPEX Moreover, the difference in the coefficients on
A Reserves_ Peéretween the subsamples with higher/lower end manketap is
insignificant. This evidence is not consistent witimpetitors using rival firms’ earnings
disclosures to make investment decisions (i.eniegs disclosures having real effects), but it
is consistent with accounting earnings conveyirigrmation about industry-wide demand.
Table 7 (Panels A and B) also shows that the aoeffi on4_Reserves Peeemains
statistically significant whed Earningsis included in the specification. This suggest th
the informative effect of off-balance sheet infotioa is incremental to that of on-balance
sheet information and thus further mitigates theceon that our results could be confounded
by other information simultaneously released byfitme. Overall, the evidence in Table 7 is
consistent with the notion that the information teemed in the earnings disclosures is
confirmatory in nature (Ball and Shivakumar, 2088) less relevant for competitors than

off-balance sheet reserves disclosures.

6.2. Alternative Explanations

One possible concern about the results in pridicgesis that our evidence could
reflect group-wide shocks rather than disclosurdosers. That is, the economic conditions
determining the firm’s disclosure decision alsovdrihe observed effects for other firms. As

explained by Leuz and Wysocki (2016), this congemssentially a variant of the “reflection
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problem” (Manski 1993). While this is a common cerrcin the empirical literature on
externalities, the reflection problem cannot explaur results. Note that a common industry
shock would generate a positive, rather than ativegeorrelation betweeAbn_Returrand

A Reserves_PeelMoreover, our tests include as a control theldsseg peer’'s abnormal
return Abn_Return_Pe@rwhich captures the co-movement of stock priegslly, our
results in Table 6 are hard to reconcile with #féection problem. Note that any given O&G
firm should not be more likely to experience a camnrshock with a foreign competitor
rather than with a domestic competitor precisetgrahe change in disclosure rules in the
competitor’'s country.

That said, we perform a battery of additional téstiurther check that our inferences
are not affected by potential industry shocks.tFinsthe model of Table 2, Panel A, we
include as additional controls the fractional chamgproved reserves disclosed by the firm
prior to the peer’s disclosure and the abnormairnetvithin a (-1, +1) day-window around
the firm’s own reserves announcement. These vasdbokther control for the potential
correlation across O&G firms’ reserves disclosued the corresponding announcement
returns. Second, in the model of Table 2, Pan&dBinclude the peer firm’'s CAPEX
(measured contemporaneously to the dependent i@G#PEX) as an additional control
variable. Third, we include year effects to captygar-specific market and/or industry
conditions. Fourth, we also include two additiooahtrol variables aimed at capturing
potentially confounding information on economic diions in the O&G industryOilReturn
is the return of the oil index West Texas Internagel(WT]I) over the (-1, +1) day window
around the announcemef®fasReturris the return of the gas index Henry Hub (HH) over the
(-1, +1) day window around the announcement. Oleré@mces are robust to all these

additional checks.
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Another related and common concern in the investiiterature is the difficulty to
control for simultaneous changes in the firm’s afstapital and investment opportunity set
(Leuz and Wysocki 2016). Again, the evidence inl&#&bhelps alleviate this concern. Note
that the pattern we document in Table 6 is reltdesichange in disclosure rules rather than
to a change in the underlying economics of the $afimns. That is, it is not clear why a
given O&G firm should be more likely to experieraeincrease in investment opportunities
precisely when a foreign competitor discloses neseafter a change in disclosure rules in
the competitor’s country and not before the rulesnge and when a domestic peer discloses
reserves.

That said, to confirm that our results are robaghe potential correlation of peer’s
disclosures with increases in firm’s investmentamities for the company in that year, we
repeat our tests in Table 2, Panel A including firear fixed effects. This research design
effectively tests whether the stock of a given fima given year (that is, holding the firm’s
investment opportunity constant) reacts more negigtio peer’s reserves disclosures when

the increase in reserves is larger. Our inferedoasot change.

7. Conclusion

This paper studies the effect of forward-lookinflmdlance sheet disclosures on rival
firms’ valuation and investment decisions. We foous analysis on the mandatory
disclosure of oil and gas reserves, a setting ilchvbff-balance sheet information is of
particular importance to understand industry supply

Using a comprehensive sample of Canadian and US @&@ucers we find that
larger increases in peers’ O&G reserves are agsdamrthlower announcement returns at

rival firms. This result is in contrast with priogsearch findindpigher stock price returns
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when peers report larger increases in earningbapsreven more interestingly, we also find
that, consistent with peers’ disclosures affectimanagerial decision making, larger increases
in peer reserves are accompanied bynareasein investment at rival firms.

We corroborate our results by exploiting three sesof institutional variation. First,
the North-American pipeline infrastructure condigahe supply of natural gas (and thus
competition in this market), but does not affee spply of oil. We thus measure variation
in the degree of competition of pairs of samplméirand find that firms’ reaction to peers’
reserves disclosures is more pronounced in theasytle of firms with a higher degree of
competition.

Second, the introduction of the fracking technolsgipstantially increased
competitive pressure in the natural gas markets@ntly, we find that firms’ reaction to
peers’ reserves disclosures is more pronounced gugesproducers in the period after the
instruction of fracking.

Third, O&G disclosure rules were modified in Canada the US in a similar
fashion, but at different points in time, thus pdivg an opportunity to test whether a
tightening of reserves disclosure rules affectadirreaction to peers’ disclosures. We find
that firms’ reaction to peers’ reserves disclosisenore pronounced when the disclosing
peer is a foreign firm after the change in discteswules in the foreign country.

Overall, our evidence is consistent with the notiwatt peers use rivals’ off-balance
sheet disclosures when making investment decisitmghe extent that this phenomenon is
affected by reserves disclosure rules, our papeiiges evidence of real effects (in

particular, real externalities) of disclosure regian.
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Appendix A. Examples of O&G Reserve Disclosures

A.1. Example of O&G reserve disclosures under NI 5101 (Canada)

Light Crude Oil (Mbbls) NGLs (Mbbls) Sales Gas (Mmcf) 6:1 Oil Equivalent (Mboe)
Proved Proved Proved Proved
Plus Plus Plus Plus
Factors Proved Probable Probable Proved Probable Probable Proved Probable Probable Proved Probable Probable
December 31, 2005 330 110 440 498 121 619 28,146 8,405 36,551 5519 1,632 7.151
Acquisitions 366 121 487 101 26 127 5,170 1,780 6,950 1,329 bt 1,772
Revisions (25) (104) (129) (42) @) (49) (1.445) 808 (637) (308) 24 (284)
Discoveries 102 52 154 92 26 118 8,398 3,043 11.441 1,594 585 2,179
Extensions 223 261 484 76 18 94 7.864 1,115 8.979 1,610 465 2,075
Dispositions (16) 3) (19) (222) (64) (286) (1,617) (456) (2,073) (508) (144) (651)
Production (172) - (172) (102) - (102) (8,541) - (8.541) (1,698) - (1,698)
December 31, 2006 808 437 1,245 401 120 521 37,975 14,695 52,670 7,538 3,006 10,544

Notes:

i)

“Oil (MBbls)” means “oil expressed in thousands affels.” “NGL (MBbIs)” means “natural gas liquids
expressed in thousands of barrels of oil equivdlédias (MMcf)” means “natural gas expressed inlimils of
cubic feet (ff).” “Mboe” means “thousands of barrels of oil ecalant.” Barrel of Oil Equivalent (BOE) is a
metric used to combine oil and natural gas reseamegproduction into a single measure. One BOE tifrabgas
reserves is equivalent to 6,000 cubic feé).(for example, in the last row the number of BOProfved reserves,
i.e., 7,538, is computed as 808 + 401 + 37,975/(538.

“Proved” reserves are defined as the amount ofvesd10 such that R[> P10 ] = 90%, wherX is the amount
of petroleum (naturally occurring on or within tBarth’s crust) that has been discovered and is dég¢mbe

economically recoverable. “Proved plus probablserges are defined as the amount P50 such thé:H50 ] =
50%.

Source: Storm Exploration Inc. Disclosure of O&Geawses corresponding to fiscal year 2006. Availalbieww.sedar.com

A.2. Example of O&G reserve disclosures under MOGR (US)

Year ended December 31, 2010 Gas MMcf Oil MBbl NGL MBbl Total Befe
Proved reserves at beginning of period 897,546 77,963 30,257 1,546.9
Revisions of previous estimates 66,679 (2,243) 2,434 67.8
Purchases 21,700 16,443 5,730 154.8
Extensions and discoveries 39,570 16,234 4,058 161.3
Production (70,924) (5:131) (1,880) (113.0)
Sales (184) 4) 2 0.2)
Proved reserves at end of period 954,387 103,262 40,601 1,817.6
Proved developed reserves at end of period 786,292 72,030 28,809 1,391.3
Proved undeveloped reserves at end of period 168,095 31,232 11,792 426.2

Notes:

i)

“Gas MMcf” means “millions of cubic feet ftof gas.” “Oil MBbI” means “thousands of barrelsaf” “NGL
MBDbI” means “natural gas liquids expressed in thadszof barrels of oil equivalent.” “Total Bcfe” mea
“billions of cubic feet equivalent.” Total Bcfe computed based on Gas MMcf, Oil MBbl, and NGL MBIkita
into account that a Barrel of Oil Equivalent (BOEpguivalent to 6,000% For example, in the row “Proved
reserves at the end of the period” the figure 1®8i¥computed as [954,387 + 103,262*6 + 40,601*6P00 =
1,817.6.

“Proved” reserves are defined as the amount ofvesd10 such that K[> P10 ] = 90%, wherX is the amount
of petroleum (naturally occurring on or within tBarth’s crust) that has been discovered and is deambe

economically recoverable. “Proved plus probablserees (defined as the amount P50 such thdtPp50 | =
50%) are not disclosed.

Source: Energen Corporation. Disclosure of O&G re=ecorresponding to fiscal year 2010. Available at
http://www.sec.gov/edgar.shtml
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Appendix B. Examples of Geographic Location of Wedl

Example 1. Bellamont Exploration Ltd. (Source: SEDAR)

Annual Information Form Filing Date: 04/27/2007
Headquarters: Alberta (Canada Region)

“The following is a description of the oil and natugas properties, plants, facilities and instaidats in
which the Corporation has an interest and that ar&terial to the Corporation’s operations and
activities. The production numbers stated refaths Corporation’s working interest share before
deduction of Crown and freehold royalties.

Peace River Arch, Alberta: The properties allocateiserve value are located in the Cindy, Eaglesha
Hines Creek, Belloy, Saddle Hills/Valhalla and \Wlgtv areas of Alberta, approximately 100 kilometers
northeast of the city of Grande Prairie.

Example 2: Stata Energy Corporation (Source: EDGAR)

10-K Filing Date: 02/27/2008
Headquarters: Louisiana (Southwest Region).

“During 2007, 92% of our production was derivedfrdGulf of Mexico reservoirs, while the remaining
portion of our production was derived from the Rotkountain Region which was sold in June of 2007.
At December 31, 2007, all of our reserves wereveerifrom Gulf of Mexico reservoirs

Example 3: EQT Corporation (Source: EDGAR)

10-K Filing Date: 02/25/2005
Headquarters: Pennsylvania (Northeast Region).

“The Company'’s reserves are located entirely in Appalachian Basin. (...) Drilling was concentrated
within Equitable’s core areas of southwest Virgirsautheast Kentucky and southern West Virdinia.

Example 4: Northern Oil & Gas Company (Source: EDGAR)

10-K Filing Date: 03/16/2009
Headquarters: Montana (Midwest Region).

“We are a growth-oriented independent energy comgpamgaged in the acquisition, exploration,
exploitation and development of oil and natural gasperties, and have focused our activities priityar
on projects based in the Rocky Mountain Regioh®tinited States, specifically the Williston Basin
(Montana, and North Dakota)
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Appendix C. Examples of Measuring the Degree of Copetition of Pairs of Firms

This appendix illustrates the computation of ouamees of the degree of competition. We present the
computation of these measures for two pairs ofdinmour sample. Bellamont Exploration (Bellamont),
Stata Energy Corp. (Stata), and Northern Oil & Gaspany (Nothern O&G) are located in the regions
of Canada, Southwest and Midwest, respectivelwHat follows we compute the degree of competition
of the pairs Bellamont-Stata, and Bellamont-Nothe&f in 2008.

The 2008 input-output matrisMp) is the following:

Canada Central Midwest Northeast Southeast Southwest Western
Canada 0.37 0.15 0.16 0.15 0.00 0.00 017
Central 0.00 0.68 0.23 0.00 0.00 0.05 0.04
Midwe st 0.09 0.11 0.68 0.11 0.01 0.00 0.00
Northeast 0.01 0.00 0.04 0.93 0.02 0.00 0.00
Southeast 0.00 0.00 0.12 0.07 0.80 0.01 0.00
Southwest 0.00 0.11 0.00 0.00 0.30 0.49 0.07
Western 0.00 0.01 0.00 0.00 0.00 0.00 0.93

Source: US Energy Information Administration’s stai-state capacity
(http://www.eia.gov/naturalgas/data.cfm#pipelinesmd Canadian National Energy Boahntt§s://www.neb-
one.gc.ca/nrg/sttstc/crdindptrimprdct/stt/stmtd pmeleng. htm).

The fractions in each row & add up to 1 (i.e., 100%). For example, a firm pi@dg in Canada is
expected to export 15% of the production to Ceniré®o to Midwest, 15% to Northeast, 0% to Southeast
and Southwest, 17% to Western and the remaining 82¥s in the same Canadian region. The rows of
Southwest and Western regions do not sum 100% becthay export some production to Mexico.

The input vector\()) of Bellamont has a first component equal oneHerregion of Canada and zero for
the rest of the regions. When multiplied by theuitaputput transition matrix abovélg), we obtain the
output vector shown below (i.e. the first rowid).

037 - 0.17

Vo=VixMp=(1 0 0 0 0 O 0)( >=(0.37 0.15 0.16 0.15 0 0 0.17)

0.00 --- 093

The input vector\()) of Stata and Northern O&G are computed similarly.

For each pair of vectors, the cosine similarity #rascalar product for each pair of vectors €ie.
standardized and unstandardized measures of theedefjcompetition, respectively) are as follows:

Canada Central Midwest Northeast Southeast Southwest Western
Bellamont Exploration Ltd. 0.37 0.15 0.16 0.15 0.00 0.00 0.17
Stata Energy Corp 0.00 0.11 0.00 0.00 0.30 0.49 0.07

Cosine Similarity
Scalar Product

Canada Central Midwest Northeast Southeast Southwest Western
Bellamont Exploration Ltd. 0.37 0.15 0.16 0.15 0.00 0.00 0.17
Northern Oil & Gas Company 0.09 0.11 0.68 0.11 0.01 0.00 0.00

Cosine Similarity
Scalar Product

The cosine similarity and scalar products betweeltaBiont and Northern O&G (0.51, 0.18), are
substantially higher than the same measures betReldamont and Stata (0.10, 0.03). This suggestis th
Bellamont and Nothern O&G exhibit a higher degreeampetition than Bellamont and Stata. These
numbers reflect that, while Canada and the Southregson are directly connected by the gas pipeline
network, there is no direct pipeline connectioneetn Canada and the Southwest region.
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Abn_Ret

CAPEX

4_Reserves_Peer

Abn_Return_Peer
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BM
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Past_Return

Post_Fracking

Gas_Producer

New_Rule

A_Earnings

Appendix D. Variable Definitions

Market-adjusted compounded stock return over the 1) day window
around each peer firm’s annual release of inforomagibout O&G reserves (in
%).

Capital Expenditures scaled by total assets (medsume year after the firm's
disclosure date).

Fractional change (with respect to prior year'sldisure) in the amount of
proved reserves (in BOES) disclosed by the pesr. fir

Peer firm’s market-adjusted compounded stock retuer the (-1, +1) day
window around the peer firm’'s annual release adrimiation about O&G
reserves (in %).

Logarithm of equity market value at fiscal year-end

Ratio of book value of equity to market value otiigyg at fiscal year-end.

Total liabilities divided by total assets at fisgaar-end.

Return on assets computed as earnings beforeakittary items, scaled by
total assets at fiscal year-end.

Stocks return compounded over the prior fiscal yeua®o).

Indicator variable that equals one if the peer&30nformation is disclosed in
the year 2007 or later, and zero otherwise.

Indicator variable that equals one if the peenfirproduction of natural gas is
greater than 50% of its total production, and z#hmrwise.

Indicator variable that equals one if the peanfis a Canadian firm and the
date of reserves disclosure occurs after 2003 ighahder the regulation “NI
51-101"), or if the peer firm is a US firm and ttiate of reserves disclosure
occurs after 2009 (that is, under the regulatiomternization of Oil and Gas
Reserves”), and zero otherwise.

Change in annual earnings before extraordinamystexpressed as a fraction
of book value of equity at the beginning of theryea
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Figure 1. Natural Gas Infrastructure in the North American Market
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This figure depicts the natural gas infrastructygtem. As it can between in the graph, Canadasahafas pipeline

system is highly interconnected with the U.S. pipebystem. Source: US Energy Department

(http://energy.qov/sites/prod/files/2015/06/f22/Apdix%20B-%20Natural%20Gas_1.pdf
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Figure 2. US Interregional Natural Gas TransmissiorPipeline Capacity (in 2008)
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This figure depicts the natural gas US regionahciyp flow as of 2008 (million cubic feet per dayd in
parentheses the increase of pipeline capacity #000). Source: US Energy Department

(https://www.eia.gov/pub/oil_gas/natural_gas/analysublications/ngpipeline/RegiontoRegionMap.Html
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Figure 3. Fracking Technology and O&G Prices
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Figure 4 illustrates the decoupling of the natgesd and oil prices traditional behavior since the
shale gas revolution in 2007. Before 2007, theetation between natural gas and oil prices was very
high. However, around 2007, significant technolagghocks—such as the pairing of horizontal dgjlin
with hydraulic fracturing—brought on significantantities of natural gas from previously low-prodwgi
gas deposits in North America. This boom in uncoiemal energy and its uneven impact on both
markets is the main reason for this price decogplin
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Figure 4. Changes in Reserves Disclosure Rules aRéserves Revisions

Figure 4.a. Canada
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Figure 4a presents annual mean and median amdusesves revisions and proved reserves reported
by Canadian O&G firms during the sample perigdvisiongleft axis) is the amount of reserves
revisions scaled by the amount of proved resereagsponding to the revision, expressed irREserves
(right axis) is the reserve amounts classifiedpasved” measured in millions of barrels of oil eealent
(BOE).

Figure 4.b. United States
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Figure 4b presents annual mean and median amofurgsasves revisions and proved reserves reported
by US O&G firms during the sample perid@evisiongleft axis) is the amount of reserves revisions
scaled by the amount of proved reserves correspgridithe revision, expressed in Reservegright

axis) is the reserve amounts classified as “proveeasured in millions of barrels of oil equivalent
(BOE).
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Table 1. Descriptive Statistics

This table presents descriptive statistics forddamples of Canadian and US O&G firrds Reservess the
fractional change (with respect to prior year'scttisure) in the amount of proved reserves (in BQisjlosed by
the firm. Abn_Returrs the market-adjusted return of the firm compowhoeer the window (-1, +1) around the
corresponding disclosure date, measured iIC#2EXis capital expenditures scaled by total assets.dHyree of
competition is measured based on the geographititwcand explained in detail in section 3.3 ang&mix C.
See Appendix D for other variable definitions.

Variables Mean Median St.dev.
At firm level (1,843 obs.):

Fraction of gas production (in terms of BOE) 0.57 0.63 0.35
A Reserves 0.64 0.09 2.66
Abn_Return (to own disclosures) 0.46 0.00 12.96
CAPEX 0.19 0.16 0.19
Size 5.00 5.12 2.44
BM 0.91 0.54 1.15
Past_Return 0.30 0.08 1.14
Leverage 0.24 0.22 0.21
ROA 0.04 0.00 0.98

At pair level (395,968 obs.):

Abn_Return (to peer disclosures) 0.59 0.00 12.17
Measures of degree of competition:
i) Standardized 0.56 0.43 0.42
i) Unstandardized 0.16 0.17 0.12
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Table 2. Firms’ Reaction to Peers’ O&G Disclosures

Panel A analyzes the stock price reaction to peesfreleases of information about O&G reservemé? B
analyzes investment decisions around peer firnlsases of information about O&G reserves. In Panghe
dependent variablébn_Returnis the market-adjusted stock return in the (-1),window around each peer’s
disclosure date. In Panel B, the dependent vati@HEEX is capital expenditures scaled by total assetsored
one year after the firm’'s disclosure dafieReserves_Peds the fractional change (with respect to pricane
disclosure) in the amount of proved reserves (ireBisclosed by the peer firm. See Appendix Dotbier
variable definitions. Standard errors are doublestelred by firm and disclosure date. *, ** and té&note statistical
significance at the 10%, 5% and 1% (two-tail) lsyeéspectively.

Panel A. Stock price reaction

Dependent variablébn_Return

Independent variables: ) (2) 3)
A Reserves_Peer -0.09" -0.09" -0.08"
(-5.85) (-5.69) (-5.40)
Abn_Return_Peer 0.03" 0.03"
(8.20) (7.78)
Size -0.38"
(-3.23)
BM 0.30
(2.35)
Past_Return -0.09
(-1.32)
Firm-Peer Fixed Effects YES YES YES
R? 0.27 0.27 0.27
N 395,968 395,968 395,968
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Table 2. Firms’ Reaction to Peers’ O&G Disclosuregcontinued)

Panel B. Investment Decisions

Dependent variabl&€APEX
Independent variables: (1) (2) 3)
A Reserves_Peer 0.41" 0.41" 0.29”
(12.45) (12.46) (9.46)
Abn_Return_Peer -0.001 0.00
(-0.37) (1.52)
Size -2.38"
(-2.66)
BM -4.21"
(-6.74)
Past_Return 0.66
(1.38)
Leverage -0.28"
(-6.65)
ROA 281
(2.14)
Firm-Peer Fixed Effects YES YES YES
R? 0.47 0.47 0.53
N 395,968 395,968 395,968
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Table 3. Partitioning by the Degree of Competition

This table reports results of estimating the simiée reaction and investment decisions around firees’ releases of
information about O&G reserves partitioning the pbased on the degree of competition betweefirtheand the disclosing
peer.High (Low)are above (below) median values of the measutieeadiegree of competition. The two measures ofetegf
competition between pairs of firms are defineddaot®n 3.3 and illustrated in Appendix C. The fsthe variables are defined
in Appendix D. Panel A analyzes the stock pricetiea to peer firms’ releases of information ab@&G reserves. Panel B
analyzes investment decisions around peer firnbsases of information about O&G reserves. Standenats are double-
clustered by firm and disclosure date. *, ** and tfenote statistical significance at the 10%, 5% &%o (two-tail) levels,
respectively.

Panel A. Stock price reaction

Dependent variablébn_Return

Standardized measure of tF Unstandardized measure of

degree of competition the degree of competition
Independent variables: High Low High Low
4_Reserves_Peer -0.10" -0.06" -0.10" -0.06"

(-4.80) (—-3.65) (-4.54) (-4.00)
Controls YES YES YES YES
Firm-Peer Fixed Effects YES YES YES YES
R? 0.30 0.24 0.30 0.24
N 200,082 195,886 192,187 203,781

Panel B. Investment Decisions
Dependent variabl&€€APEX
Standardized measure Unstandardized measure of
of the degree of competitior the degree of competition
Independent variables: High Low High Low
A Reserves_Peer 0.36" 0.20" 0.36" 0.22"
(9.21) (5.75) (9.19) (6.26)

Controls YES YES YES YES
Firm-Peer Fixed Effects YES YES YES YES
R? 0.53 0.53 0.52 0.52
N 200,082 195,886 192,187 203,781

Note: All the differences between subsamples atésttally significant
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Table 4. Introduction of Fracking - Stock Price Reation to Peers’ Disclosures

This table analyzes stock price reactions to pemsf releases of information about O&G reservesiad the
introduction of the fracking technology for extiiact of natural gas. In Panel A, the sample is pantéd based on
whether the disclosing peer is mainly a gas/oitlpier (i.e., more than 50% of the firm’s producti®igas/oil). In
Panel B, the sample is partitioned based on theedanf competition between the firm and the disolppeerHigh
(Low) are above (below) median values of the measutteeafiegree of competition. The degree of competigo
measured based on the geographic location (stamddrmheasure) and explained in detail in secti@ra8d
Appendix C.Post_Frackingequals one if the peer’s disclosure is in year72@0ater. In Panel B3as_Producer
equals one if more than 50% of the peer firm’s patidn is gas. The rest of the variables are ddfineéAppendix
D. Standard errors are double-clustered by firmdiadiosure date. *, ** and *** denote statistignificance at
the 10%, 5% and 1% (two-tail) levels, respectively.

Panel A. Partitioning by Gas Production

Dependent variablédbn_Return

Independent variables: Peer is mainly a Pee_r is mainly an
gas producer oil producer
A Reserves_Peer*Post_Frackir -0.14" 0.03
(—4.90) (0.73)
A Reserves_Peer -0.02 -0.04
(-1.03) (-1.39)
Post_Fracking 0.25° 0.417
(2.18) (3.13)
Controls YES YES
Firm-Peer Fixed Effects YES YES
R 0.27 0.30
N 232,246 163,722
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Table 4. Introduction of Fracking - Stock Price Reation to Peers’ Disclosures (continued)

Panel B. Partitioning by Degree of Competition

Dependent variablédbn_Return

Independent variables: High deg.rfee of Low deg_rge of
competition competition
A Reserves_Peer*Gas_Producer*Post_Fracking -0.17" -0.09"
(-3.46) (-2.04)
A Reserves_Peer*Gas_Producer 0.04 -0.02
(0.99) (-0.53)
A Reserves_Peer*Post_Fracking 0.02 0.01
(0.53) (0.34)
Gas_Producer*Post_Fracking -0.24 0.18
(-1.50) (1.64)
A Reserves_Peer -0.07 -0.02
(-1.74) (-0.87)
Gas_Producer 0.26 0.28"
(2.01) (3.24)
Post_Fracking 0.64" 0.07
(2.88) (0.54)
Controls YES YES
Firm-Peer Fixed Effects YES YES
R® 0.30 0.24
N 200,082 195,886

42



Table 5. Introduction of Fracking - Investment Decsions

This table analyzes firms’ investment decisionsiatbpeer firms’ releases of information about O&Sarves
around the introduction of the fracking technoldgyextraction of natural gas. In Panel A, the sknip
partitioned based on whether the disclosing peeraigly a gas/oil producer (i.e., more than 50%heffirm’s
production is gas/oil). In Panel B, the sampleddifioned based on the degree of competition betvike firm
and the disclosing pedfigh (Low)are above (below) median values of the measutteeadegree of
competition. The degree of competition is meast@skd on the geographic location (standardizedunegas
and explained in detail in section 3.3 and Apper@liRost_Frackingequals one if the peer’s disclosure is in
year 2007 or later. In Panel 8as_Produceequals one if more than 50% of the peer firm’dpiation is gas.
The rest of the variables are defined in Appendixstandard errors are double-clustered by firmdisdosure
date. *, ** and *** denote statistical significanet the 10%, 5% and 1% (two-tail) levels, respetyiv

Panel A. Partitioning by Gas Production

Dependent variableCAPEX
Independent variables: Peer is mainly a Pegr is mainly an
gas producer oil producer
A Reserves_Peer*Post_Frackir 0.40" 0.03
(7.05) (0.66)
A Reserves_Peer 0.02 0.14
(0.44) (3.57)
Post_Fracking -5.65" -5.15"
(-5.19) (-4.75)
Controls YES YES
Firm-Peer Fixed Effects YES YES
R 0.55 0.56
N 232,246 163,722



Table 5. Introduction of Fracking - Investment Decsions (continued)

Panel B. Partitioning by Degree of Competition

Independent variables:

Dependent variableCAPEX

High degree of

Low degree of

competition competition
A Reserves_Peer*Gas_Producer*Post_Fracking 0.39" 0.14"
(5.33) (2.20)
A Reserves_Peer*Gas_Producer 0.04 -0.158
(0.84) (-3.08)
A Reserves_Peer*Post_Fracking -0.04 0.27
(-0.74) (3.34)
Gas_Producer*Post_Fracking 0.36 -0.59"
(2.21) (-3.90)
A Reserves_Peer 0.11" 0.00
(2.43) (0.01)
Gas_Producer 0.44" 0.48"
(2.14) (3.32)
Post_Fracking -7.21" -4.04"
(-5.62) (-3.90)
Controls YES YES
Firm-Peer Fixed Effects YES YES
R? 0.55 0.54
N 200,082 195,886



Table 6. Tightening Rules on Reserves Disclosure

This table analyzes the effect of tightening ressmisclosure rules on firms’ reaction to peer $irneleases of
information about O&G reserves. For Canadian pieeisf New_Rulesquals one if the date of reserves
disclosure occurs after 2003 (that is, under tiyelsgion “NI 51-101"), and zero otherwise. For U&pfirms,
New_Ruleequals one if the date of reserves disclosurersadter 2009 (that is, under the regulation
“Modernization of Oil and Gas Reserves”), and zsterwise High (Low)are above (below) median values of
the measure of the degree of competition. The @egfreompetition is measured based on the geographi
location (standardized measure) and explainedtailde section 3.3 and Appendix C. Panel A anatygtock
market reactions to peers’ reserves disclosureglBaanalyzes firms’ investment decisions arouedrg’
reserves disclosures. Standard errors are doulteckd by firm and disclosure date. *, ** and @&note
statistical significance at the 10%, 5% and 1% {taib) levels, respectively.

Panel A. Stock Price Reaction

Dependent variabledbn_Return

Independent variables: High deg.r(.ee of Low deg.r(?e of
competition competition
A Reserves_Peer*New_Rule -0.07" 0.06
(-2.12) (1.95)
A Reserves_Peer -0.04 -0.16"
(=1.55) (-3.11)
New_Rule 1.16 0.52
(5.91) (1.68)
Controls YES YES
Firm-Peer Fixed Effects YES YES
R 0.30 0.24
N 200,082 195,886
Panel B. Investment Decisions
Dependent variable€APEX
Independent variables: High deg.r_ee of Low degre_e of
competition competition
A Reserves Peer*New_Rule 0.16 0.10
(1.93) (1.50)
A Reserves_Peer 0.21™ 0.15"
(3.01) (2.62)
New_Rule -4.54 -9.21
(-4.25) (=7.49)
Controls YES YES
Firm-Peer Fixed Effects YES YES
R? 0.54 0.56
N 200,082 195,886



Table 7. Off versus On-Balance Sheet Peer Informatn

This table reports results of estimating the starke reaction to peer firms'’ releases of Off ver€n-Balance
Sheet information about O&G reserves Reserves_Peés the fractional change (with respect to pricang
disclosure) in the amount of proved reserves (ireBlisclosed by the peer fird. Earnings_Peers the
change in earnings disclosed by the peer firm ddayebook value of equitHigh (Low)are above (below)
median values of the measure of the degree of ciitiope The degree of competition is measured basethe
geographic location (standardized measure) andhmaal in detail in section 3.3 and Appendix C. See
Appendix D for other variable definitions. Standardors are double-clustered by firm and discloslate. *,
** and *** denote statistical significance at th@%, 5% and 1% (two-tail) levels, respectively.

Panel A. Stock Price Reaction

Dependent variabledbn_Return

Independent variables: High deg.r(.ee of Low deg.r(?e of
competition competition
A Reserves_Peer -0.10" -0.05"
(—4.86) (-3.56)
A Earnings_Peer 0.16™ 0.04
(3.12) (0.78)
Controls YES YES
Firm-Peer Fixed Effects YES YES
R? 0.30 0.24
N 200,082 195,886
Panel B. Investment Decisions
Dependent variableCAPEX
Independent variables: High deg.r(.ee of Low deg.r(?e of
competition competition
A Reserves_Peer 0.36" 0.21"
(9.26) (5.73)
A Earnings_Peer 0.11 0.19
(1.22) (1.57)
Controls YES YES
Firm-Peer Fixed Effects YES YES
R? 0.53 0.53
N 200,082 195,886



