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ABSTRACT -

This papér investigates the conditions fpr:pfivatevresourcé equilibrium
in an 1ndustry‘exp]oiting competitively a Commén proberty résoukte whén
,privéte returné,are‘uncertain},.whenAfirms display risk.aversion it is
argued. that the cpmpensafion fdr risk bearing shoﬁ]d be viewed as an appro-
priable fesourte rent. ’Thig'reht is not fully dissipated when priVéte.
refources have no incentive to either exit or enter aé it would be when

reiufns are certain. The magnitude of uncertainty in the New England

groundfish fleet is investigated, and the level of rent appéars to be

consequential.




- COMMON PROPERTY, RESOURCE RENT- AND UNCERTAINTY:

WITH AN APPLICATION TO THE NEW ENGLAND GROUNDFISH FLEET

More than a quarter century ‘has passed since Gordon- noted the cendency
V:for pr1vate users of renewab]e, common property resources to exhaust or
..dtssjpate_the_rent which the resource is capable of produc1ng; Rent, in
this context, is the'difference between whatfusers wou1d pay and what they'
must pay for the use of common property. S1nce users- pay noth1ng for the o
use of common property, rent measures the va]ue of the flow of services
__prov1ded by the resource. Gordon S propos1t1on 1mp]1es ‘that the common
property resource,1s destined ‘to a state of worthlessness despite‘its
potentia1 vaTue. This implication otfers a powerful'rationaTe-for managee
ment of~the resourceL It follous_that the Tong run benefits'of management
mayfbe found'by measuring the potential managed rent,vsince, in the absence.
of management- 1ong run rent would be fully dissipated. This‘is the com;'
par1son that Gates and Norton made when estimating the benef1ts of regu]a-

v t1on in the ye11owta11 f]ounder fishery. ‘If rent is not ful]y d1ss1pated

in the 1ong run, th1s measure will: overstate the benef1ts by the. amount

of long run rent The presence of a pos1t1ve, 1ong run rent does not

: affect marg1na1 management dec1s1ons, however, the total costs,and.bene;_
fits are relevant in -the decision of whether'to manage or;not;.'This paper
develops the'propositioh:that, when privatelreturns are%uncertadn, competi-
, tive exp]Oitation of a fishery resource (an archetyp1ca1 common property

resource) does not 1ead to the full d1ss1pat1on of rent.

Some Premises '

The rent, which an item of common property is‘capab]e of producing,

s s fuTIy_dissipated when the value of output ‘is just equa1 to the cost of .
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the pr1vate resources used in conJunct1on with the common property If
one assumes that private resources will be added when revenue exceeds
pr1vate costs, and w111~be withdrawn when the reverse is true, then it
follows that the only prospect for a pr1vate resource equ1]1br1um occurs
when the values of output and private resources are 1dent1ca1, or in |
-other words, when all rent is dtss1pated.

i- 'These entry assumptions are central to Neoclassical.theory,'but
they may be genera11zed and when uncerta1nty is present, they must be.
A more general assumpt1on is that pr1vate resources will f]ow into an
1ndustry when resource owners regard the flows as be1ng pr1vate1y advan-
tageous. Resources will stop f10w1ng into an 1ndustry when the marglnal
‘resources may be used to.equa] advantage elsewhere. Therefore, the owner"
of the‘marginaliprivate resource‘ is‘not.wilting to pay anything for the
'usehof the common resource. Clearly, the users wou]d not regard them-
selves as earn1ng any resource rents.

‘The remainder of this paper is divided into three oarts; In the
first the opt1ma1 participation in an 1ndustry with uncertain returns is
cons1dered and nn the second the entry decision is considered. It s,
.of course, poss1b1e to treat these simultaneously; however, 1t is usefu1
to separate the marg1na1 dec1s1on and the total decision. In the third

sect1on the nature of risk in the flshery is considered and the magnitude

of rent in the New England otter traw] fleet is explored.

Optimal Participation in a Risky Fishery

‘The uncerta1nty of returns in the fishery is so great that institu-

tions, rites and superst1t1ons have evolved to a1d in its contro] Fisher—

men are c0mmon1y_paid shares of the-net revenues which has the effect of
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’.shering the unCentainty'between'vessel‘owner and'crew : Blessings? ¢
fleets are annua]‘events in.many harbors. While 1t is unfair to p
alize, there are a number of common]y held superst1t1ons ‘

Assume that a resource owner has dec1ded to enter the f1shery and
.must dec1de the level at which to participate. Let P(k) be cap1ta]
inputs k's quasi-rent in the f1shery; The_resource.owner has K units of
~ capital at his disposal.- Some fraction may'be invested in the fishery
%nd_the remafnder may be‘invested'with a certain return of b$. per unit )
%nvested. “The owner's jncome would be P(k) + b(K-k). .To éimp]ify the
notatiOn,llet P(k) - bk = H(k) where T is the amount by wh1ch quasi-rent
exceeds'the opportunity cost. In a certaln wor]d, a pos1t1ve value of ..
‘1(k) would imply the existence’ of a pure rent however, the 1ntr1n51c
uncertainty of the f1shery demand that it be recognized: that n(k) is
stochastic. Therefore, Tet H(k) have the- expectation T(k) with variance’

02. This variance may also depend on k

CIf a positive entry decision is made, income is m(k) + bK which

produces utility equeTAto U_[h(k):+ bK]. The owner is:preSUmed_te‘be
interested'in,gelecting k*’mhfch maximizes-the exnectation-of utility.
Identifying E as the exPectations operator, the decision problem may be
presented as: | » _ | | | |
MAX (k) E[U(n(k) + bK)]
subJect to 0<k<K

With knowledge of the funct1ona] forms of U and H, including the proba--
bility dens1ty-funct1on of I, this problem‘may be. addressed djrectly. In

the absence of this know]edge, a useful approach is to first expand U with -
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S a McLaUrin'sléer{es,ébqut an arbitrary.va1ue of income, a, yie]djng:_l .
| Uit + bKT = Ua) + U'a) Dnlk) + bK'- al
w120 (@) K)o+ oK - alll.
where the series is'written in an abbkeviated~erm.A Sihce Em, ¥‘ﬁ and -

: 2 2 2
EH =11 =0 ,. . . .
2. E [U(n(k) + bK)T = U(a) + U'(a) (T + bK - a)

+1/2 U"(a) (T + bK - a)

' , 2
+1/2 U"(a) o ..
! - . L2
| U(n + bK) +1/2 U"(a) o ...
As Loistl has poihted out these steps réquire that’the‘function§bbe
bounded. If an interior 501utfdn exists, a'necessary.cohditfon'for
maximization is | |
[ . y n -
‘3. U_nk+1/2U ok..'.-O
wherelthe'sUbscript_k indiﬁatés the first derivative. -
A]ternative]y,
4.} Hk=]/2RUk o e

where R is’-U"éU', R is known as the Pratt—Arrow’meaSUre of absolute

risk aversion;  When R is positive, the individuaT’ié said to be tisk'
aVerse,:sinte, when R‘is positive, an individual will not entertain a
;faif bet. For the case where 'gi is positive, the:ﬁargina1 expe¢ted -
retufn,én cabité]uié greater.thah ;he'riskless réﬁurn. 3The'diffééencé
s necessary to éompénsate for the additional riék,withfa&ditiona]‘inyeét-
ment.  When oi.i'O, thé Optima]nTeyel of partinPafionjfor thdse who
decide to participate i§‘invariant with respect t6 tastes foririsk.
when Oi is less than zero, the‘mafgina] expected return on_fishing éapital

. is less than thefrisk1eSSva1ternative rate. One implication of this case




is that the risk averse would invest more ‘than the riék‘neutfal. The
additional 1nvestment reduces risk and is a form of 1nsurance It is
‘not uncommon to flnd vessels ‘equipped w1th redundant gear. The 1mportant
f1nd1ng is that there is a Tevel of part1c1pat1on wh1ch is pr1vate1y
opt1ma]
In this ana]ys1s, u" is treated as- a constant s1nce 1t 1s eva]uated

.at the arb1trary value a. The solution. appears to depend on this arb1-
.ttary value; however, this appearance is an 111us1on which stems from
the nature of the approx1mat1on. It is reasonab]e to select a mean1ngfu1
va]ue for a, and the most Togical value is the optimal value. N

-Thjs section has presented a methodology for converting'a difficU]t"
problem into a simpler problem; this methodology is used in the foT1owing
'eectipn as well. Moreover,.it hae been shown that there is, in general,
an optinal Tevel of participation in a risky fishery when the decision to
enter has been made. when'oi'= 0, the optimal level is independent.of the
bowner s tastes for risk; the separat1on of the entry/ex1t and participation

dec1s1ons is most clear in this case

-The Entry/Exit'Decision

- When should one enter the fishery or when shou]d one in. the f1shery
- ex1t? One shou]d enter 1f one perce1ves 1t to ‘be advantageous The
advantage is- gauged by comparing the expected ut111ty with: opt1mal partlc1-‘
pation with the ut111ty available outs1de the f1shery; If the-former is |
v greatef than the Tatter, one should enter. One is indifferent when

5. E [UI(I'I_(.k*) + bK)] = U(bK)

 where k* satisfies 4. The long run‘equi1ibrium ié'characterized by 5 when
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5 refers to the most risk averse f1sherman or the. least risk-averse . non-':
o f1sherman _ The expected d1fference in utility may be expanded about an

arb1trary a, and col]ect1ng terms w11] y1e1d

6. E [U (a) T+ 1/2 U"(a) (n + 2bKn - 2an)]

[U' + U (1/2 T+ bK - a)] I + 1/2 U"

S1nce this. expression .is of 1nterest when it equa]s zero, we f1nd that

1/2Ro :
1 +R (a -1/2 7- bK)

8. W=
,Since_b, Kand T (k*) are known,.lt is on]y reasonah]e to set a equal to
the average of the expected 1ncome 1evels, in wh1ch case
0. T=1/2R@) o | |

In the case where oi = 0, all firms have the same k*, M. In equi-
Tibrium T is-1/2 R 02 forjall where R is the risk“averSion for the most
'r1sk averse fisherman who is in th1s sense the marg1na1 fisherman. The
express1on 1/2 R o2 is the cost of risk bearing to the f]sherman and the
_expected quas1-rent must at least cover it. The’less r1sk'averse'earn
an. 1ntra marg1na1 rent since the equ111br1um H exceeds thelr cost of r1sk
bearing. This rent 1s earned by the1r tolerance for r1sk _

The 1ntra marg1na1 rent to risk bear1ng is somewhat analogous to the
‘rents which accrue to the better sk1ppers and crews. | Hhen someone bears
risk for someone.else, as when one 1nsures another the former is provid-
fng a service to the 1atter Flshermen bear risks that others wou]d not,
and thus they prov1de a service to the 1arger society. The expected rent
they receive (T in equ111br1um) is s1mp]y the compensatlon for this serv1ce.
The intra-marginal rent is earned by the ability of some to provwde the

service at 1ower cost than others
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Th1s reason1ng suggests that while in equ111br1um expected quas1-

'rents are greater than zero, these are not resource rents. If a Tump

f sum.tax on part1c1pat1on were_1mposed, the equi]ibrium would change, and

’Atheretore it nay be argued that‘the‘quasi—rent is,nat a pure resource
rent However, there is a flaw in th1s reasoning. Fishermen, as a group,’
‘»prov1de a risk bearing service to the 1arger society to be sure, but this
service is available more cheaply elsewhere. Arrow and L1nd suggest that
soc1ety should behave as if it has a risk neutra] attitude. 1In the fish-
er1es this means that soc1ety can at essent1a11y no cost guarantee fisher-
7men I, the expected quas1 -rent, in wh1ch case>soc1ety~wou1d bear,the
entire risk. The larger society divides th1s risk S0 many ways “that 1t
: essent1a11y d1sappears. when a. gamb]e is d1v1ded two ways each part1c1-
pant bears only a quarter the income variance of a s1ng1e participant.
'F1sher.has.p0jnted out that some r1sks are not;divisib]e in_this fashion,
and there may be important app]ications'of hisvtheOrem to fisheries,‘as
for example when there is a risk of ext1nct1on of a spec1es. In most
~cases the r1sks are-divisible, however. |

If soc1etﬂ guarantees il when a pr1vate equ111br1um ex1sts 1t may at- t
the same time impose a ]ump sum tax of H on each f1shermen w1thout a]ter1ng
vthe equi]ibrium. The guarantee makes the compensat1on for r1sk bear1ng |
'superf]uous. While T may be v1ewed pr1vate1y as a necessary compensat1on
for r1sk bear1ng, it is 1eg1t1mate for soc1ety to regard it as-an appro-.
priable rent. S1nce soc1ety offers no. such guarantees and imposes no

Tump sum taxes, soc1ety is in effect 1mpos1ng a risk tax and offer1ng a

llump sum subs1dy in return
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..An attempt~to capture the rent would certatnly run intobthetprob1en
of "mora] hazard " and thus it is perhaps not pract1ca1 to attempt the
tcapture,of this rent. The presence of "mora] hazard" does :not alter the
findingtof rentsiin open access fisheries under conditions of uncertainty,
rather it merely suggests that the imposition of a rish tax and subsidy |

~is more practical than-a guarantee and Tump sum tax.

The'Nature‘of Risk in the Fishery

-i | Ftshermen face many risks; vessels and crews are lost at sea,'fcr._'h
exampTe. Financia] risks are also present and may be divided fnto'those
that are vesse] spec1f1c and those that are 1ndustry spec1f1c If incustry
-catch is g1ven, vessels would face. uncertainty as to their respective
shares of the catch. This is what is meant.by a vessel specific risk and
these risks average out when viewed at’the f]eet level. It shou]d‘be
1mmed1ate1y c]ear that guaranteed shares of a g1ven “total 1nvo]ves no
soc1a1 r1sk One advantage of owning more than one vessel is that the
combined returns are less r1sky than the 1nd1v1dua1 returns when returns
.are subject toivessel risk. .An'lndustry specific risk would 1nvo]ve flxed;
shares of a stochast1ca11y varying'industry catch In order to guarantee
each fisherman a fixed catch when 1ndustry ]and1ngs are uncerta1n, soc1ety

would have to shoulder some risk. In pract1ce both sources of risk will

be present. The variance of returns at the. vesse] Tevel is a comb1nat1on |

" of the vessel and industry risks.
To estimate the vessel variance, data would have to_be collected at
~ the vessel level; aggregate or fleet data permit an estimation of the

industry-Variance only. Since monthly observatibhs of revenue for the
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_New England otter trawl fleet by vessel c]ass for the per1od ]973 1978
were readily avallable, the 1ndustry var1ance was est1mated The’ f]eet |
was divided into six size categor1es, and in each category the mean rev-

. enue was’ regressed upon a set of month]y dumm1es to remove any seasona11ty
The unexp1a1ned variance is est1mated, and- th1s is an estimate of 1ndustry
variance. wh11e there may be 'some. factors which account for this un-
exp]a]ned var1ance, it appears 1eg1t1mate to suggest that the estimated

:-varlance is an appropriate measure of an individual's perception of the °
riskiness of the.industry. One problem that arose in the estimation is
that:the error terms are positive]y.correlated. A first order correction
for aotocorrelation remowed this problem, 'but added some complekity‘ If
jmonth]y disturbances are uncorrelated, the var1ance of annua] revenues is

"s1mp1y the sum of the monthly var1ances, however when the monthly d1sturb-

- ances are correlated computat1on of the variance of annual revenues is more
complicated since many covariance terms are non-zero. For the largest

)category of vesseTs mean annual revenue was $404,505, ahd the standard

~error was $59, 900 when the ramifications of autocorre]ated errors were
accounted for. 'The equation itself is not reported, e1ght of the e]even

-months were‘s1gn1f1cent]y d1fferent thangthe excluded month, R2 was .169,
andbrho was .76. If the vesset's share of the catch is 40% of net revenue;

" the vessel owner's variance of returns from fndustry'risk is $574,080,000.

.'.This figure would have to be multiplied hy 1/2 R to geuge the equilibrium
rent if this'were the only source of risk. C]ear]y there are’dther'sources'
of uncertainty as well. If the most risk averse fisherman had'aan = .00001,

expected rent would have to be $2,870 to keep him in the_fishery. An

.OOO],_wou]dlrequire that exoected rent to be ten'times as great.  Someone
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with'R 0001 would be w1111ng to pay $1 000 for a gamble w1th equal probab111ty
_of pay1ng noth1ng and pay1ng approx1mate1y $2 111. Someone with R =..0001 would
B be w1111ng to accept suchAa~gamb1e if the.gajn from winniné were‘appnoximate]y

~$2,010.

The partial estimate of the hiStorica]nvariance of returns indicate that with

' modest risk aversion substantia1‘qUantitieelot nent would have to be present
in a state of.economic equi]ibrium;,llt isfpossih1e that a fishery could exist"
in which the tax.imposed'by risk was nearly'optimal Likewise, it.ie possib1e.v
to 1mag1ne that a f1shery could’ ex1st in which an opt1ma1 policy wou]d be one
fv'wh1ch had the effect of reducing r1sk More likely, however,-wouldlbe fisheries
in which the opt]mal poljcy would supp]ement'thg taxes'imposed'by,rtsk. In. this
: context_an'optimal-bo]icy'is that for which the,mangtna] benefits just equal the
A marginal costs of the.policy; Sincevtherfixed COets_of fishery regu]atton.are
'1arge;‘in some of these cases the gains from optima1 regulation woulo not justify
“the costs. o . _‘ . B
| 'ThiS‘paper‘handly begins'to deai with the consequences'ofhhisk‘in the
- fishery. The analysis has ﬁn?estigated.the.equiiibrium'conditione, yet has not
cons1dered whetheriequ1l1br1um is a re]evant concept when 1ndustry specific
Crisk is present Neverthe]ess, the ana1ys1s does indicate that the inclusion of
risk in f1shery mode1s may profound]y effect po11cy recommendat1ons A
management policy that seeks stability may aoce}erate,over-cap1ta11zation for .
example. The_major'imp1icatfon of this analysis is not that regulation offers
no reWards,byt rather that'theme,is no'a35urance'that.regulatton1mi1]_ofter rewards.
~ Moreover it is likely that the form.optima1imanagement takes'is subStantia]Ty
d1fferent from that wh1ch is proposed in certainty models; howeven, the develop-

~ ment of this notion will. have to wa1t for another paper.
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