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Risk, Overconfidence and Production in a Competitive

Equilibrium

Abstract

Previous studies have found underestimation of, skoverconfidence, to be
pervasive. In this paper, we model overconfidenseaareduction in perceived
variance. We generalize the analysis of Sandmo exa@mine the effects of
competition on firms displaying overconfidence. €asfor both competitive
equilibrium and imperfect competition are investegh We show that overconfidence
may strictly dominate rationality in a competitivearket by leading risk averse
producers to invest greater amounts and produce.mbis leads to a higher average
profit, and greater variance of profits, leaving@ tbroducer a greater probability of
surviving competitive pressures. Despite the greasgiance of profits, if enough
producers underestimate their risk, they shouldectVely drive more rational
decision makers from the market. Our results sugies overconfidence may be as

important a determinant of market behavior as dishing marginal utility of wealth.
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1. Introduction
The expected utility (EU) framework has become {r@mary analytical tool
economists have used to analyze choices of ecorageiats under risk. A substantial
literature investigates behavior of risk-aversedpigers and its implication for market
pricing, resource allocation and welfare (for extenandmo, 1971; Feder, 1977).
But the favored status of the EU model has beedildsechallenged by behavioral
findings. Subjects regularly exhibit loss avers{ahneman and Tversky, 1979) and
overconfidence (Alpert and Raiffa, 1982) in behaaicexperiments involving risk
and information. An overconfident producer will ognize the level of risk she faces
when making production decisions. Thus if overaderfice is pervasive, it may be
important to determine the extent to which overmwerice alters the conclusions of
the EU-based literature on producer choices uridler r

Overconfidence occurs when individuals do not recethe extent of the risk
they face in the act of decision-making. Thus imdiials may act as if they have
greater certainty about the possible outcomes ity truly do. We model
overconfidence as a pure change in the momentsutobmes. This model has the
advantage of allowing us a relatively simple measiroverconfidence, similar to the
simple Arrow-Pratt measures of risk aversion prentin the literature.

We generalize the analysis of Sandmo, applying raodel to examine the
effects of competition on firms displaying overcdeihce or loss aversion. Our study
is divided into two types of overconfidence. Typenerconfidence is defined as a

simple additive shift in the distribution resulting a higher mean but a true



perception of all central moments of the risk. T{gpeverconfidence is typified by a
diminished perception of variance.

In order to clarify the effects of overconfidence competitive behavior, we
identify the decision rules of the economic agémtthe competitive market. We find
that the expected profit is higher for the firmsplaying Type-2 overconfidence, and
thus, overconfident decision makers will be thstfinto the market and the last to
shut down. Thus, the market may necessarily be mked by “irrational” actors.
Market arguments are among the primary reasonsoeusts generally dismiss
irrationality as unimportant. This paper provide® gationale as to why some sets of
behavioral anomalies may be prevalent, persistemt,important drivers of behavior
generally.

In addition to the analysis of behavior under cotfitipa, we investigate the
welfare impacts of overconfidence. Because overdente leads to greater
production for all levels of expected prices, canets must benefit from the resultant
lower equilibrium prices. On the other hand, thepest producer surplus cannot be
subject to the same behavioral anomaly. Once thiggpare realized, the producer no
longer considers variation. In equilibrium, the isace is misperceived at a rate
determined by the degree of risk aversion. Thusrannfidence in the marketplace
will lead to an average welfare loss for particularoducers displaying
overconfidence. We solve for an explicit analytittaleshold under which the decline
in producer surplus would be less than the increasiee consumer surplus, resulting

in societal benefits of overconfidence. This woiks himplications for government



policies on providing decision information (suchextension work or market reports)
and the provision of subsidized business revenaigramce.

The remaining paper is organized in the followingywsection 2 is literature
review about effects of risk-attitude and overcdefice on competition. Section 3
introduces the model of overconfidence, the modgbroduction in a competitive
equilibrium and under imperfect competition resp@ty. Optimal decision rules for
risk-averse and overconfident producers are deeélofVe will also examine how
overconfidence may drive rational producers outhef market. Section 4 develops
welfare measures under equilibrium. In section % discuss the effect of
overconfidence on production. Section 6 conclutespaper.

2. Literature Review

In classic production theory, the firm is assumedntaximize expected profits. In a
static model of production, this assumption ruleg the possibility of adjusting
production to changes in risk. Sandmo (1971) argtres this model is an
unsatisfactory representation of firm decisions,easn casual observation of the
marketplace seems to indicate a prevalence ofxisksion.

Sandmo introduced risk aversion into the producttory assuming that firms
maximize expected utility, showing the impacts ahidishing marginal utility of
wealth under price risk. Assuming a competitive keirhe specifically outlines the
impacts of risk aversion on production, welfareg aompetition. Among Sandmo’s
most prominent results is that risk-averse firmamhiguously produce less output

than risk-neutral firms when faced with price rigkus, risk-averse firms are at a



competitive disadvantage. For this reason, many lsapposed that those displaying
severe risk preferences would be sifted from theketathrough competition,
eliminating the need to model risk in many circuanses.

However, risk-aversion is not the only influentitdctor that may affect
production behaviors when dealing with uncertaiiiany other behavioral patterns
are also found consistently among decision-makacang risk. Here, we hope to
generalize this model of competitive production dpwing a class of behavioral
anomalies found both within the lab (Alpert andfRai982) and in the field (Odean,
1995, Ausubel, 1991).

Overconfidence, or a favorable misperception ofrikke involved in choice, is
among the most prevalent behavioral anomaliesoAsd in the psychology literature,
most people are overconfident about their own ixedatbilities, and unreasonably
optimistic about their futures (e.g., Weinstein Q98aylor and Brown, 1988). When
assessing their position in a distribution of peamsalmost any positive trait — like
prospects, or longevity — a vast majority of peogde they are above the average.
These misperceptions are generally classified ami® of two types. Those suffering
from this first type of overconfidence may perceilre expected outcome of a venture
to be much better than current information wouldggast.

A second type of overconfidence, in contrast, gnfb in agents that are “too
certain” about some event. For example, an agegthabeve that the stock price for
tomorrow will be between $55 and $60 with probapi#i0%, while in reality the 90%

confidence interval is found between $35 and $90.a@erage, individuals produce



confidence intervals that contain the truth muds leften than expected (e.g. Alpert
and Raiffa, 1982, find the truth is contained isp@ndents’ 90% confidence intervals
only about one-third of the time). These two tymdsoverconfidence have been
widely investigated in different fields.

A classic example of type 1 overconfidence is foim&vensson (1981), who
asked individuals whether they were a better tharame driver. Nearly all were.
Camerer and Lovallo (1999) found overconfidencernitry decisions in games of skill
using an experimental approach. Ausubel (1991) dotlmat credit card users were
overconfident regarding their future ability to negikayments.

Type 2 overconfidence has been widely explorechenfinance literature (e.qg,
De Long et al. 1999, Kyle and Wang 1997, and Dagiiell. 1998). Further evidence
of overconfidence has been found in a wide varmtystudies targeting specific
professional fields. This includes clinical psyagbts in training (Oskamp 1965),
lawyers ( Wagenaar and Keren 1986), entrepren€&gosper, Woo, and Dunkelberg
1988), mangers (Russo and Schoemaker 1992), seamdlysts and economic
forecasters (e.g., Staél von Holstein 1972, Ahtet hakonishok 1983, Elton et al.
1984, Froot and Frankel 1989, De Bondt and Th&#801land De Bondt 1991). For a
complete overview of the overconfidence literatsee Odean (1997).

Given such broad evidence for both types of ovdidence, it is natural to ask
whether there is any logical relation between the types. First, there is no clear
relation between the two types of overconfidence& ¥dnnot induce one from the

other. Actually, type-1 overconfidence relates moupward biased first moment of a



probability distribution regarding one’s own ahédg, while type-2 overconfidence
relates to a downward biased second central momwfeat probability distribution
forecast for some external event.

Second, type-2 overconfidence may simply be dueaggressive form of
Bayesian updating and a lack of experience withtdhe of a distribution. We discuss
this extensively in the following section of the ppa Alternatively, type-1
overconfidence is hard to explain without appealiogsome form of bounded
rationality. We focus primarily on type-2 overcaténce. However, based on the
results we obtain for type-2 overconfidence, we weke some inferences regarding

the prevalence and impact of type-1 overconfidence.

Regarding the impact of overconfidence on produactiod competition, existing
literature argues different conclusions with diéfietr approaches. Camerer and Lovallo
(1999) consider the hypothesis that business &ikira result of mangers acting on
optimism about their own relative skill. Using arperimental setting with basic
features of business entry situation, they linkesbnemic decisions to type-1
overconfidence. In the experiment, the succestrieg subjects depends on their
skill level relative to other entrants. Most suligeevho enter think the total profit
earned by all entrants will be negative, but treim profit will be positive. The
findings are consistent with the prediction thakmeonfidence leads to excessive

business entry.



Alternatively, Hvide (2000) showed with a game-tietic model of job hunting
that if agents form beliefs pragmatically, overdédahce can be the equilibrium
outcome and further interpreted overconfidence as for the player to obtain a
first mover advantage. In Hvide’s model of job hogt the take-it of leave-it offer
made by the firm will in equilibrium depend party the worker’s productivity in the
firm, and partly on the agent’s beliefs about higtsale opportunity, which is
commonly known between the firm and the worker. Thedel confirmed that if
agents form beliefs pragmatically, then in equilibr these beliefs will be inflated
compared to the true distribution of the outsidparfunity. Thus overconfidence may
be the result of a game theoretic equilibrium.

Kyle and Wang (1997) investigate type-2 overconfaein a financial context.
Using a duopoly trade model of informed speculatidhey showed that
overconfidence may strictly dominate rationalityn Averconfident trader may not
only generate higher expected profit and utilitgrthhis rational opponent, but also
higher than if he himself were rational. The imation behind this is that
overconfidence can act like a commitment devicequilibrium, allowing them to
credibly trade larger quantities. Further, theyvghioat for some parameter values the
Nash equilibrium of a two-fund game is a Prison&ikemma in which both funds
hire overconfident managers. Thus overconfidencepeasist and survive in the long

run.



3. Modeling Over confidence

While individuals tend to underestimate the var@amssociated with any variable,
their perceptions do adjust for changes in realitgre, we represent overconfidence
decrease in the variance of the distribution. Thodjvidual beliefs regarding a
variable, such as price, can be described by alsisipgle parameter.

Suppose an individual faces a gamble with wealticaues distributed with a
two parameter probability densit)(s|/,1,02), wheres represents wealth outcome,
4 and o2 are parameters representing the true mean andneariof the
distribution. Then, we can represent an overconfigeoducer as perceiving the
distribution f(s|,u,a§) given gz <oz. Given that this is a two parameter
distribution, these two parameters should completgétermine the perceived
distribution. If the distribution is uni-modal, necing the variance will have the
impact of decreasing the height of the distributimmther from the mode and
increasing the distribution closer to the mode. sThwe will refer to the
overconfidence parametarz as the parameter of diminishing distance perceptio
(DDP) — as it represents the degree to which thkvislual does not perceive
outcomes the further one moves from the centenetitstribution.

We assume that the objective of the firm is to mmazeé the expected utility of
profits given the DDP parameter. Let the utilityétion of the firm’s decision maker
be a concave, continuous, and differentiable fomotif profits,

u(m)>ou’(m)<0 (1)

The cost function of the firm is given by



Fi)=cl)+8 (2
wherex is output, C(x) is the variable cost function, wig(0) = 0,C (x) > 0, andB
is the fixed cost. The firm’s profit function isu given by

n(x)= px-C(x)-B  (3)
wherep is the price of output, assumed to be random tith density f (p|/,1,02).

The firm thus maximizes
E[u(px—C(x)—B)Lu,ag] :Tu(px—C(x)—B)f (p |4, ,ag)dp (4)

To proceed, we will use a Taylor-series approxioratf the utility function,

. p)) = ulr, ) o, ) e = )+ (o ) = ) 9
Thus, the maximization problem can be written as

mxaxE{u(n(x,,u)) +u (7(x u)) X p-p) +%u (m(x w))Celp-p) I, ag}

=u(7m(x ) + 0 (m{x, ) By = 1) # 5 0 (e x.0)) B
(6)

The first-order condition associated with (7) cawgitten as

o = u o) (=€ () +u((xp)) (1 =C (x)) et = )

e {m{x,)) (= 41+ 50" (e x,)) (=€ (X)) Be 2 +u (m{x.) w0

(7)

or, dividing by marginal utility
(1=C'()) (1 = 42) ~Rufixayz + (1=C (%)) i = 1) ]+ Pu (1= (X)) B B2 = 0

(8)
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u . : : u .
where R, =—— is the coefficient of absolute risk aversion aRg=— is the
u u

coefficient of absolute prudence.
We will consider here the simple case Whefrép|/,lg,agz) is a symmetric
distribution. In this case, we can totally diffetiate to derive the comparative static

result

To see this note that dividing (8) by the perceivedriance yields

u—g&)

Iy

- RAX+% P,(#-C'(x)) 2 =0. The model implies risk aversion on average

(note risk neutrality obtains af2 =0, and the decision maker acts as if he knows
with certainty that the price will be), thusy > C'(x). Therefore, the firm displaying
DDP will use more inputs on average and producesnoor average. We can couple
this with Sandmo’s result showing that the gre&&, , the less will be produced to
find the tension between DDP and risk aversioneinavior under uncertainty.

3.1 Competitive Equilibrium

We will now turn our attention to the implicationsf DDP for competitive
equilibrium. According to the classical model ofngeetition, firms will enter the

market if they can make a profit by doing so. Im model, entry will occur if the firm

perceives that they will earn expected utility geeahan u(O), the profit earned
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prior to committing fixed costs. Further, a firm the industry will shut down
whenE(u(77)) < u(- B).. Differentiating with respect tar 2 obtains

OEU 1
o =3 a0 @0

Thus, firms with greater DDP (smaltegz) will enter the market, while more rational
firms that perceive correctly the risks they facauld consider the expected profit too
small considering the risk involved. This resulttifier supports the result found by
Camerer and Lovallo (1999) that overconfidence detw greater rates of entry.
However, here we show this in the case of type-@adnfidence rather than type-1.
Further, this result is well supported by the gmeeeurship literature (e.g., Das and
Teng 1997; Barron 2000) which has uniformly fouhdttentrepreneurs are not more
inclined to take risks, but rather less inclinedate notice of the risks they face. Thus,
as expected profit increases from zero, overconfidecision makers will be the first
into the market and, as expected profits declinevbeero, overconfident decision
makers will be the last to shut down.

3.2 Imperfect Competition under Overconfidence

In order to evaluate the effects of DDP on comjuetjtit is necessary to describe the
market. Suppose the inverse demand is given by

P=P(X)+e (11),

N
with P'(X)<Oand£~(0,02), whereX =" x is the total production level in the

i=1
market,i is the index of (potential) firms, arfd is the number of firms producing.

Differentiating from perfect competition, here @rics a function of the total market

12



production X and a random variable which captures the price shocks in the
market.

Firms with identical risk-aversion but differentvéds of overconfidence
simultaneously make production decision in the rgrtaking into account that each
firm optimally chooses production level based os @wn overconfidence level
o’ < o? and the total amount of production determinesettigectation of the market
price.

In equilibrium, the more overconfident the firmgetmore it is going to produce
and hence the greater the profit it obtains onayer The overconfident firms will
also necessarily face greater variance in profisying a higher probability of
substantial success, and a higher probability et&eular failure. To see this, note
first that the standard equilibrium conditions dtetthat

E(U, (7)1 P(x).0,)<U,(0) (12)
for all firmsi that are not producing, and

EUi()1P(X).0,)>U,(-B) (13)
for all firms producing.

From the previous discussion (and from Sandmo’'silleswe can specify

0X; <0, 0X;

A Ui

X = x(RA,Uf), and > <0. We will represent perfectly rational (EU)

behavior as resulting fronw? = o.

The profit function for each firm is given as

M,(X,P)=(P(X)+e)x -C(x)-B (14)

13



whereB is fixed cost. Using a 2-dimensional Taylor expansalong the production
and price axis, for the utility function, we have

u[n (X, P)] = uln (X, P(X))
+ [N (%, P(X P (x)o+ P(X)- ¢ (x)+ e]dx - %)
+u,[n (X, P(X )] - P(X)

+%un[n(x,P(Y))] P (X )ik + P(X)-C (R)+ e (x =X
Lu e (- (R)f
+u12[n(i P(Y))]Eﬁ (X)x+p(X)-c ()+£]5<E(x—>_<)tﬁp-p(y))

e

(15)

For simplicity, we omit the subscriptletting X denote the total amount of
production in the market anddenote the production level of any arbitrary firfine
value x is the risk neutral production level arﬂ(?) is the expectation of the
market price at the risk neutral production level.

Thus, each firm i solves:
max E(u[n(X,P)])
%

=un(x.p{x))

~uln (X, P(x e ()5 + p(x)-c s b ~x)
r2ufnf PRI P )5 pR)-c 6 + o %)+ Suadnlx PR Jfor

=u1EﬁP( )5 +Plx)-¢ e e <)+ Suat [P ()5 + plx)- 6+ o7 -+

(16)
Note that since we are dealing exclusively with @y overconfidence,
E( ) OandE P(7) Thus the expectation for the third and the lasnt of (15)
are 0. Further, the first and the fifth term arerehe constants, which we represent

with K, yielding equation (16) above.
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The first order condition with respectxaan be written as

P (%)% +P(X)-c (x) Jru [P (X) 5+ P(X) -0 (5] +ae] s -x) =0
(17)

1 [PRIGPR)-cf)
Y CEERGET]

The level of production is a function of risk-aversion and the level of

+X  (18)

0X; <0, axi2

A i

overconfidencey, = x(RA,aiz), and <0 (19).

Expected profit given DDP can be written
EN «(X)=P(x" )3 -c(x)-B (20
and thus

OEM, _
ox:

P'(X*)3x +P(X)-C'(%)=0 (21).
Equation (21) follows from Sandmo (1971), i.e. proibn under uncertainty is
always smaller than that under certainty. Firseombndition under certainty implies
P'(X)Xx +P(X)-C'(x )=0, and second order conditions requires that (21) wi
hold.

Next, the variance of profit given DDP is given Mar (I'I*i): o? [ﬂx, )2, which
is also an increasing functionf Hence, in equilibrium, the more overconfident the

firm, the greater the firm produces and the grethieprofit it obtains on average. The

overconfident firms will also necessarily face dgeeavariance in profits, having a
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higher probability of substantial success, and ghdri probability of spectacular
failure, as well.

Based on the above, we can derive the following@sdion.
Proposition 1 Let F O R*xR" be the set of potential firms, anél, O F the set of
firms producing under competitive equilibrium. Thefor any(RA,ag), R, >0
with (R,,02)0F, , it must be the case that every firm witR,,o2)0F,
whereo;, <o .
Proof The result follows directly from (19), (20) and §2Differentiating (20) with

respect to DDP yields

O0EMN"i _0EM"; _0x
2 —U 2
00; ox 00

<0. (22)

The result in the above proposition suggests thdbrg as each decision maker
displays some level of risk aversion, at any lefaiisk aversion for which a rational
actor produces, every actor with that level of @slersion (or less) that meets some
minimum level of misperception will operate. If alttors had identical levels of risk
aversion, but varied by DDP, the market would neaely be dominated by irrational
actors. Rational actors would have a competitigadivantage in being averse to risk,
and recognizing the level of risk. Alternativelyyose who could not see the risk
would invest more heavily and drive more ratiomadeistors from the market.

3.3 Ex Post Profits
A possibly more interesting question is what wilappen when those with
misperceptions begin to realize their results. EqQug18) can be useful in exploring

the answers to this question. Recall our definifiorx as the production level the
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overconfident firm chooses when they think pricél We realized at the expected

level E(P)=P(X) with certainty. If a firm is risk-neutral or if éne is no

uncertainty, this firm will choosex such that
- - — N
P'(X)x +P(X)-C'(%)=0, where X =)'% .
i=1

Since the firms are risk-averse and they also migpee risk, given any guess of

the production choice vectar= (ZX_ZK) a firm's final choice x will be

adjusted by a term which depends on its own rigkston and level of

overconfidence corresponding to the first termhef tight hand side of equation (18),
1 [P(X)p(X)-c(x) ]

(PR -elx)-c ()] o

This term could be interpreted poduction shortfall, which is the amount the firm

produces below the risk neutral leval. This production shortfall is negatively
related to risk-aversioR, and DDP levetr. This means the less risk-averse and/or
the more overconfident, the more the final choit@reduction X approaches the
risk neutral levek .

It is only when a firm behaves as if it is risk-tral, that the adjustment term is
equal to zero and what we guess for the produdtiesl is exactly what the firm may
choose optimally, i.ex =x =X . A risk averse firm will behave as if risk neutil
the firm is so confident as to believe the worldéstain, i.e. g7 =0.

Alternatively, we can interpret the situation thiay, given the individual is not
risk neutral, the perceived variance that maximeegsected profit iso> = Qor that

resulting from the most overconfident (least radiprDDP. Thus, we can conclude

17



again the more overconfident (or loss averse)ithe the greater the profits obtained
on average. This will necessarily result in a low&rpost expected utility, as the
individual has taken on more risk than they woulefgr. Nonetheless their average
profit will be higher.

Alternatively, the ex post variance of profit isvgn byo2 [Q)g )2. Thus, firms
displaying overconfidence, which invest more hegavivhen operating, will
necessarily face greater variance in profits dua togher level of production. This
implies, under a symmetric distribution, both a hag probability of substantial
success, and a higher probability of failure. Hinahe skewness of profits is given
byr, x*, where 1. is the skewness of price. Thus, overconfidence washave
defined it) will not alter the perceived directiohskew in the profit distribution, but
can substantially increase the skewness throughased investment. This potentially
increases upside risk in the profit distributiorepthose with true perceptions of the
price distribution.

So far, we assume that overconfidence doesn’'t eéhdéimg first moment of the
distribution. If the overconfidence alters the méved mean, only a few of the
preceding results differ. If overconfidence ince=ashe mean, it will reinforce the
results of reducing the variance, so long as isduo# lead the firm to produce more
than the risk-neutral level of production. Firmsgine to be at a competitive
disadvantage once they produce more than the mmktral amount. Alternatively, if

decision makers perceive a mean price that is bét@mrue mean, this perception

18



will work against the reduction in perceived vadanreducing the amount produced,
and placing the firm at a competitive disadvantage.

4. Welfare Analysis

Finally, one may wonder about the welfare effedtewverconfidence. This is easiest
to consider by comparing equilibria consisting @éntical actors. Clearly, because
overconfidence leads to greater production for lelfels of expected prices,
consumers must benefit from the resultant lowerilégum price. On the other
hand, producers necessarily obtain lower utility ppbfit on average than they
anticipate, meaning they could be made betterTdfé ex post producer surplus must
disregard overconfidence, calculating the true ayernet benefit. This necessarily
declines as variance is misperceived at a raterrdeted by the degree of risk
aversion. If actors were truly risk neutral, misyggations of variance would not
matter to producers. Alternatively, if producers aery risk averse, misperceptions of
variance could reduce producer surplus by more tirimcrease in consumer surplus
leading to a market failure. Thus, if firms areyoniildly risk averse, there may exist
some socially optimal level of overconfidence. O tother hand, if firms were
severely risk averse, the government may have & irolreducing overconfidence
(through education, market publications, etc.)eatucing risk (through disaster relief)
to improve welfare of producers.

From the previous section we have

N,(X,P)=(P(X)+&)x —C(X)-B, where X :i& ande ~ (0,0?).

i=1

19



Definen’; =EM (X" )=P(X" )X -C(x')-B to be the expected profit at
production levek . We can use the certainty equivalenCg, to represent producer
welfare. Note that for a risk averse (neutral asing) producerCE is smaller than
(equal to or larger than) the expectation of thafiprM’; given accurate perception.
We define the ex ante certainty equivalent Ed (I‘I(x*(af))wiz):U (CE%’“‘*),
and the ex post certainty equivalent B (I‘I (x* (0,2)) |02) =U (CEGX""S‘) . Thus the
anticipated certainty equivalent, or ex ante CEfiected by overconfidence through
both the selected production level and the mispeime of the distribution.
Alternatively, the ex post certainty equivalent, realized certainty equivalent, is
impacted by overconfidence only through the chat@roduction level. For a risk
averse producer, misperception of risk affectsethenteCE in a way such that the
more overconfident the firm, the larger GE it anticipates.

We want to solve for a threshold where the ex @istof the overconfident firm
could be larger than those with rational percepwbmisk, thus, implying together
with the increased consumer surplus, an increasgahwelfare.

By the definition of the certainty equivalent, wavie

u(CE, ) = Eulm, (x|
Using the Taylor-expansion dfl; for both sides and solving, we have

1u(m) *
CEi®<P0$:_ P X BTZ+|_|i
2“("'i)[q ) (23)

=R, x) @+,
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Three points can be made using equation (23)., Finst risk-averse producer, the ex
post CE is smaller than his expected pidfit and the difference—% R, Eﬁxi* )2 (&
is determined by the absolute risk-aversiy, (evaluated &l ), the level of the
actual production (a function of risk aversion anerconfidence level) and the real
riska®. The level of productionx influences CE by increasing the variance of
profit and thus, decreasing CE of a risk-averselypecer. Thus, in every case, greater
overconfidence will decrease ex post welfare ofgtcalucer.

Second, if the producer displays overconfidencemﬁ < o?, the ex post CE is

always smaller than their own ex ante level

CE, ™ ™ =—%RAi fx w2 +n < —%RM fx f w2 +n; =cg =™,

Third, this producer may not necessarily be worfevben compared with his
rational counterparts because we proved in theiguepart that bothEM; and x
are greater than their counterparts under ratigeateption. And thus, the final
welfare status may be highly variable though suiintgd from a policy perspective.

To see this, let firm j be the less overconfiderddpicer (or to the extreme, be
the perfectly rational producer), so that we ha\mvz,2 < sz :
x = x, andEM," = EM; .

Thus, for the overconfident firm being better offe neecCE,* ™ = CE,* ™.
That is,

CE, ™ ™ :—%RM i f w2+ > —%RAJ. < f w? +n =cg* ™
(24)

Supposing both firms display the same level of ag&rsion, we can solve for:
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20fn; - ;)
R, < v 7.2 (29
G

J

Equation (25) tells us that overconfidence may mpkmducers with modest
risk-aversion being better off, whereas making ¢he#th severe risk-aversion worse
off. The threshold between those with severe & $&vere risk aversion is given by
the right hand side of (25).

Furthermore, the threshold depends on both theriglalo® and the relative
difference of the expected profits (scaled by thieince of their production levels)

(n; )

between two (types) of firm *)2 ( *)2 . On the one hand, if the real risk is
X | =X

relatively small, the threshold will be moved te thight, meaning a larger tolerance
of risk-aversion. On the other hand, if the diffeze between the expected profits is
very small, a firm displaying overconfidence coud¢ better off only when it

maintains a very low level of risk-aversion. If Wwave constant marginal cost, then

the right hand side of (25) can be written as

2(n;-m) _2(P(x")-mc)x -x) 2(P(X )-Mc)

l(xP-(e)] i) T (i)

. In this case, the

threshold is increased as individuals behave miskeaverse (so that price exceeds
marginal cost) and production levels are low.

From a market evolution perspective, at the vegirmeéng, when overconfident
firms are competing with perfectly rational firmibe difference between profits could
be high, thus, even firms with larger risk-aversimould survive, as long as they

display some level of overconfidence. But as raigmoducers are driven away from
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the market, the gap between profits shrinks, salicirms are now overconfident, and
they differ only by the levels of their mispercepti And hence, firm with a low level
of risk-aversion is better off. Or, for a certaevél of risk-aversion, a firm can only
survive the market by displaying even greater l@faverconfidence and performing
as if he is as close to risk-neutral as possibhes Tay explain how overconfidence
could persist in the long run.
5. Model I mpacts of Overconfidence on Production
Previous work has shown that overconfidence magigtan financial trading, as well
as cause entry. Our results suggest that overendel may be a natural result of
market pressures, and may thus persist in a cotiveegproduction market. While all
would agree that starting a new business is aremeiy risky venture, there is little
evidence that entrepreneurs are more risk tolgremt other individuals (Palich and
Bagby (1995)). In fact, Low and MacMillan (1988ydi specifically that propensity to
take on risk does not differentiate entreprenetms fnonentrepreneurs. Rather, many
have discovered that entrepreneurs differ in thecgss by which they evaluate
opportunities and assess the risks involved (DdsTamg (1997), Cooper, Woo, and
Dunkelberg (1988), Forlani and Mullins (2000)). Fexample, Baron (2000) finds
that entrepreneurs are less likely to engage imteofactual thinking, not recognizing
the possibility for alternative outcomes of theantre.

Many have found an empirical link between the uastmation of risk and
entrepreneurship activity (see, for example, Siméoughton, and Aquino (2000)).

Camerer and Lovallo (1999) use economic theoryrgoiethat such overconfidence
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should lead to excess entrepreneurial activity.pidesan increasingly evident link
between overconfidence and entrepreneurship, litleknown of the effects of
overconfidence on business performance under caopetn this paper, we follow
the analysis of Sandmo (1971), applying the priesipf DDP and EU maximization
to examine the effects of competition on firms tigmg overconfidence. We show
that overconfidence may not only lead to exceseitey, but also give entrepreneurs
a competitive edge not achieved by more rationalstin makers. Our result may
also explain the recent results of Bogan and Jagh€oming) suggesting that CEOs
are display greater confirmation bias and overctanfce than other populations. They
show that this may be behind excessive mergerigct®verconfidence can create a
competitive advantage in production decisions. tBatsame behavioral anomaly that
makes a CEO desirable for competitive productioy make them the wrong person
for the job when it comes to merger decisions.

6. Conclusion

While many have published proofs that competitiamcés rationality (see, for
example, Green (1987)), this paper provides amatefor why non-rational models
may be relevant even in highly competitive indestriln fact, it seems clear that DDP,
while irrational, creates a competitive advantagel thus markets may be dominated
by this particular brand of irrationality. The fabt competition may encourage such
behavior in the face of risk aversion makes ittéelimore understandable why such
behavior may pop up in experimental settings. Furtempirical assessments in the

entrepreneurship literature suggest that behavpirahomena such as DDP may play
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a larger role in entry decisions than factors Ii&IUW that are more commonly

considered. There is little reason to believe tmahpetition will sort DDP from the

market, and thus DDP may also play a large rolpraduction level decisions and

exit from a competitive industry. The work in thigper provides a neoclassical

economic argument for why this patently non-claasghenomenon should exist and

persist and why behavioral effects may be importahbse who underestimate risk

are likely to invest more, increasing their chanimegyreater success (or failure) than

can be realized with a rational view of the world.
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