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SUMMARY AT CONCTUSTIONS

The purpose ¢ this study was to deveiop further mathematical aids for invest-
ment-financial decision making in shrimp fishing, The model developed
allows “cr random orices and catehes per vessel and, in addition, takes
into account all of the informstion kiown to the decision maker at each time of
decision, Survival of the figring “71m is regarded as a fundamental fachor
influencing the firm's investment decliclone.

In making each decision, the fisherman evaluatas the firm's net equity
position, the worst possible sequence of revenues that might materialize, and
all of the firm's fortheoming cohlipanions., He derives from this information a
survivable set of capacity purchases, and then selects from this set the lnvest-
ment maximizing his net worth st the end of the planning period. After each
year's operations and before tre nexd year begins, the random revenue variable
for the Tirst year has been chbierven It i¢ now 8 part of the information for
decision making in the seccnd yesr. The Cisherman repeats the above reasoning
process in making his investmert declsion Yor the second year, and in every
year thereaftar. Survival must be jguaranteed before any investment is undertakén;
moreover, investment deeisions are always cenditioned by experience.

In accordance with information obtained from cocperating firms, valuas for
all of the parameters were specified. Initially, the firm was essumed to have
had purchesed one new 73 foot steel hull vessel, or to have the money eguivalent
in savings. To raflect inflaticn, prices were assumed to increase 3 parcent
per year. For tax purposes, the depreciation period wes 1l years, and the income

tax rate was 25 percent. The length of the planning period was taken to be 5 years.



Since the shrimp price is highly influenced by the rate of growth in per
capita income, expected prices for <he years 1970 through 1974 were projacted
for a modest rate of economic growth {2s observed in the late 1950's) and for |
a high rate of asconomic growth (es observed in the mid 1960's), Tnvestment
solutions were calculated for both growhth rates., The marginal velue of another
vesgsel wes found to be initilally larger and to be positive for a longer period
of years at the high growth rate than at the lower, Success in shrimp fishing
is clearly influenced by the rate of income growth in the economy.

The value of better than average management was also clearly illustrated.
Almost six more vessels were purchased than in the cese of average management.

In evaluating the rate of return over cost from fishing in relation to the
savings alternative, investments in fishing capacity were found to be a better
alternative than savings as long as the interest rate was less than 9.5 percent
per year. Then & switch occurred in favor of the savings alternative. Thus,
given the present borrowing rates, investments in fishing cepacity are near the
morgin of profitebility (in a survival sense),as far as interest rates are
concerned.

Solutions were calculated for <he cése where price was random as well as
lendings. Only slight differences were found between the results in the two
sets of problems. Vagrencies in landings per vessel seem to be much more

important than unexpected variastions in price,



A Stochastic Investment Model
for a Survival Conscious Fishing Firm
by
Russell G. Thompson, Richard W. Callen, and Lawrence . Wolken

(Texas A&M University)

1« Introduction

In 1969, Thompson and George (2] formulated a stochastic dynamic invest-
ment model for the survival conscicus firm, derived the optimal decision rules
for investment, and computed solutions to seversl problems. This model takes
into account the probability distribution of the yield (catch) and output price,
as well as all of the information known to the decision maker at the time of
each investment decision, The entrepreneur ic assumed to be initially in a
financial position so that a feasible investment solution always exists if the
lowest output price and yield occur in every period of the planning horizon.

In the model, the objective of the firm is to maximize expected net worth at
the end of the planning horizon. Of course, all production expenses, invest-
ment outlays, interest costs, and planned cash withdrawals must ve paid for as
incurred (or scheduled).

Because of the vagrancies of fish prices and catches this model would be
expected to be a particularly appropriate decision aid for investments in
fishing capacity. There are generally few, if any, alternative uses for
gpecialirzed fishing equipment. Alsz, fishermen typically have poor alternative
opportunities hy which to earn a Tiving., Iow prices and small catches would

he experfed, as a result, to be droaded much more than high prices and large

Partially supported by the National Srience Forndation GH 59 as a part
of the Sea Grant Pregram for G706,



catches are desired. A sedquence of worse than expected net revenues (even

.in the case of & very favorable expectation)could terminate the existence of
the fishing firm. This could well be an unacceptable risk of failure., Hence,
survival of the fishing firm would he expected to be fundamental factor

influencing the firm's investment decisions.
2. Development of tke Survival Model

In the survival model, the fisherman evaluates the worst sequence of ret
revenues that could occur in every year of the decision-making period. This
sequence, in conjunction with the value cf the initial investment ir fishing
capacity and the position of the money account determine the survivable set
of fishing capacity purchases at the heginning of the first year. The fisher-
man selects from this set the investment that contributes the most to his
terminal net worth. After the first year and before the second fishing year
begins, the fish price received and the catch landed in the first year have
been observed. This is now a part of the information known to the fisherman
for planning in the second year. The ficherman again evaluates the worst
sequence of catches and prices that could occur in every remaining year of
the decision-making period, This abbreviated sequence is now evaluated in
conjunction with the capacity and money position at the end of the first year.
It determines the survivable set of capacity purchases for the second year.
Again, as in the first year, the fisherman selects from this second set the
investment that contributes tho mast to his terminal net worth., This
procedure is repeated in every year throuphout the decision-making periocd,
Investment decisions are conditioned by experience, and are not based solely

on expected values.,
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We simply say that a fishing firm survives in a given year if the value
of the fishing capacity excesds the value of the indebtedness. A survivable
investment is defined in the following setting: the fisherman has completed
the fishing =season in year k-1 and i3 now planning for vear k. He wants
to survive above all else during the remaining N - (k-1) years of the decision
period, even if all future catches and prices are the lowest possible. An

+—

. .. ) ch . . . -
investment decision in the I wour, 15 said to be survivable 11 the

[Jk .
value of the fishing capacity in every remaining year is never less than the
indebtedness owed (with fishing caracity not being purchased in any of the
years after the kth one and the lowest net revenues being visuvalized in every
year of the yet undisclosed future;.

Under thece conditionc, a survivable capacity purchase in year k is
found to ke equivalent to the following one: the product of the capacity
units purchased in year k and the targinal value of fishing capacity calculated
under the ascumption of the lowest ret revenue oceurring in every forthcoming
year-~the marginal cost of fishing curactty visualizing the worst--is never
greater than the value of the fishermar's money account in year k-1 plus the
terminal value of the capacity owred irv vear k-1 minus the losses from
utilizing the present fishing capacity in all of the remaining years {(with the
lowest prices and smallest catchec cocurring) minus the fixed cash withdrawals
in the rest of the planning period. (A1l money flows are adjusted for the
values of alternative opportunities, income taxes, and depreciation.) This
upper-bound would be the value of the fisherman's assets if the worst possitle
sequence of net revenues occurred--the fisherman's final acset position

visualizing the worst,
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To reflect the fear of low net revenues when the lowest price and catch
occurs, revenue per unit of fishing capacity is assumed to be less than
‘operating cnst per unit of fishing capacity. It is also assumed that per
unit prices of fishing capacity are not increasing so rapidly that operating
losses per unit may be covered by value appreciation in fishing capacity.
(Speculation is never & sure bet.) This implies that the marginal cost of
fishing caparity viswliving the worst is positive. Hence, dividing the lower
bound for the fisherman's Final asset position by this positive marginal cost,
the upper-bound for a survivable purchase of fishing capacity in a piven year
is obtained. This represents $7e maximum amount of Tishing capacity that the
fisherman can purchase and still insure survival of the firm throughout the
rest of the decieion perind. [t depends upon the value of the firm's money
account, the amount of capacity owned, and the value of that capacity in the
previous year, This upper-bound function in year k is denoted by Hk(zk—1‘
yk—1’xk-1)’ whore at the end of the k157 year Zk—1 is the cash balance,

is the units of fishing canncitv owned and x is the parchuse vaiue

AP k-1

of the firm's capacity. The firm is in debt if 7

is nerz ive and has
k-1

savings if Kk“q is positive,

We will 150 introduce the following notation now: S; is the units of
fishing capacity purchased at the beginning of the ith year (and used for-the
first time in vear i); Ti is the Opergting costs per unit of fishing capacity
in year i; S, is the per unit rurchase price of fishing capacity before -he
beginuing of the fishing season in year i Ai is the fixed cash withdrawal
in year i for scheduled expenses independent of fishing operations and
investments in fishing capacity per se; v is the interest rate paid (or

received) on the cash account 4y ®. is the unknown revenue per unit of fishing




capacity in the ith year: N is the number of years in the planning veriod;
B is the fraction of the value of the fishing capacity recoverable at the end
of the planning period; 0 is the income tax rate; and € is the straight-line
depreciation fraction. Also E will be used to denote the mean of the random
variable wi; and L will be used tc denote the smallest possible annual net
revenue having a positive prohability of occurring.

Using the above development, the survival model may be stated as follows:

),

: . _ ; w W w
Maximize E(ZN + BGN+1YN) over all n-tuples of functions Si( L

i = 1,2,00a,N, satisfying the difference equations

ST P e R AT

yl - ¥iq ™ sl,yo glven and non-negative,

B~ L 4= YE gt yi'l w - 'ri) - 95, - ﬁi -4 [yi ( @ - 'ri)
+vh, - elx, g+ os )], € = .091 ,

i= 1, 2, eas: N, and satisfying the inequalities

In words, the model fisherman desires to maximize expected net worth at
the end of the decision period where the purchases of capacity are selected
from the survivable set in each year (delineated by the inequality restrictions).
Thus, in the maximization process. the model fisherman, who takes into account
all of the informaticn known at the time of decision, selects the investment
from the survivable set of capaci<y purchases that maximizes expected net

worth at the end of the planning hcrizomn.
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3. The Decision Rule for Investment

By the use of dynamic programming methods, we extended the method developed
by Thompson and George [ 2 ] to mllow for depreciation and income taxes. The

extended rule for optimal investments is summarized in the following theorem,

Theorem: Suppose H1(Zo’ Yoo xo) > 0, i.,e. the upper-bound for investments
in the first year is non-negative. Let Rk be the expected marginal value of
fishing capacity for survival investment decisions--the marginal value of
fishing capacity visualizing the worst. Then the decision rule for optimal
survivable investment is as follows:

sp = Hk(Zi_,], yf{’_,l, x> 4> if R_> 0, and s:: = 0 if R < O with the

feasible value of 8 being immaterial if Rk = Oa

In other words, the fisherman buys the survivable limit &f fishing capacity

in year k if the marginsl value of fishing capacity visuslizing the worst is
positive in that year, and he doesr't buy anything if this marginal value

iz negative, It also follows that the optimal purchase is immaterisl in any
year (because of the linearity of the problem) whenever the decision rule is

Zero. The upper hound for investments in the first year insures the existence

of a feasible investment solution in each year of the planning horizon,



4. An Application to Shrimp Fishing

To indicate how the model ay be applied to a shrimp fishing firm,
parameters were gpecifind for a relatively small fishing firm operating
73 foot steel hull trawiecrs (sec Table 1, p. 16). In the specifications,
the values of the parameters were specified to reflect prices, ccsts, cnd
landings per vessel as reported by the firms coopersting in the study.
There ie an exception with repgurd to Problem 4. Average landings per vegsel
were cpecified to be one stande-d deviation above the mean Lo inaicate
the effect of better than aversge management.

Since the real price of shrimp -- the price adjusted for the purchasing
power of money -- is highly influenced by growth in per capita income (real),
and since it appears that the eccnomy may be entering a period of modest
growth (possibly much 17 xe the late 1950'3}, the real price of shrimp
was specificd to reflect o 1.7 percent rate of growth in per capita in-
come in Problems 1, 2, and 3, and to reflect a 3.3 percent rate of growth
(as observed in the mid 1960'3) in Problem h.

To evaluate the econumiz attractiveness of shrimp fishing versus
the best alternative to fiching (as reflected by the interest rate on
money), the decision maker in 2roblem 2 initiaslly has the money equivalent
of an investment in one vessel. Recall that the entrepreneur is a profit
maximizer, given that he can survive. Thus, the decision maker would opt
for the savings alternative whenevey the net rate of return from a dollar
invested in fishing capacity ’s Less than the interest rate on money.

That is, the second problem indicates the economic advantage (or disadvan-
tage) of investing in fishing relative to loaning the money 4o someone

else,
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Since the model takes inte asccoeunt the information obtained through
time as the values of the randcm variables are.revealed, solutions to
two sets cf problems werc computed. In the first set,the landing per
vessel is random; whereas in the second set, the price received is random
as well, The first set of resulte is oresented in Table 2, p. 17, and the sec-
ond set in Table 3, p. 18.

It is important to note that this application of the survival model
is not exhuastive of the many that could be made, or to imply that the
normative results presented arc 1ikely to occur. This work 1s only meant
to indicate how an investor intercated in shrimp fishing, who has a lim-
ited amount of money capital, might obtain bench marks (from the model)
for investment planning.

Initial vaiues for the difference =quations and values of the parameters,

In this application, the valus of yc -- the initial amount of Tishing

capacity -- it specified to be wne 73 foot steel hull trawler in Problems

1, 3 and !

This type of vessel ™illy cutfitted for shrimp fishing costs
$100,000 at the beginning of 1970. To reflect inflation, the purchace
price of the new vessels was specified tc increase at 3 percent per year.

In recent years, there have teen steady improvements in technology
with newer vessels being powereli ty more horsepower, Thus larger trawls could
be pulled at a faster rate. This rate of technological improvement was
assumed to have increased ccsts by 2 percent per year.

From the cost records c¢f the eoopera£ing firms, the annual cost of
operating a 73 foot trawler was “cuad to be 330,000 in 1969, This cost
figure includes an allowance for cwverhead and insurance costs. Represent-
atives of the firms interviewed ‘rdicated these ccsts have increased by
3 percent per year in recent years. Thus, the annual preduction castl

per vessel, Tt’ was specified =o ve 30,000 (l.OE)t.
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Straight line depreclaticn methods were used for tax purposes with
an 11 year depreciaticn perlod being used for a fully outfitted vessel.
This average was estimated on a value weighted basis from the records
of a number of firms, The reciporical of this figure, .091, wag the de-
preciation fraction used for the value of €.

Incoeme for tax purpesers s tho suwr ¢f the revenue received by the
owner after the "lay" leus operating cests, interest costs, and deprecia-
tion. The income tax vate, vt b 5 denoted by O, was taken to Lo 249 per-
cent of this figure. Thir rate war paid in the late 1960's by a number
of the small fishing {firme stuwiied,

In shrimp fishing, as n =2very business, there are sundry expenses
for & mumber of factor: reilated to the firm. Some of these caste, it night
be argued, are not absolutely ecessary for the operation of the business;
but for the sake of 2oavenicernca (or acceptance), they are commorly incurred,
Such costs are difficuit to estimate., Thus, in this study, a base allow-
ance of $3600 per yeoar was spmer fied for sundry expenses.

In shrimp fishing, thce captaln and first mate of the vessel are com-
monly paid on a "lay" basie wherein they receive an agreed upon percentage
of the revenue earned vy the vessel. The third crew member, who is called
a header, Is typically paid on a per box basis. An allowarce for his wages
was included in the value cf the production cost per vessel. For vessels
of the type being considered, the 'lay" for the captain and first mate
is commonly 35 percen‘cj2 (who typicaliy pay for all of the groceries),

In interviewing thne ccoperating firms, the relative resale value
of the vessels sold wa: fourd to be falrly well approximated for vessels
five to six years old oy surming the accumulated depreciation fracticns with
an appropriate adjustment for sechnological improvement. This procedure

using the largest possible technclogy factor3 gave a 0.65 value for B
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(.091) 5 + [(1.02)° . 17,

In the specificaticn of the owner's expected annual revenue per
vessel, Et’ the log of the real shrimp price received by the cooperating
firms, Py was regressed or. the log of the index of real per capita in-
come, y,, and the log cf the per unit effort landings, 1., (caught in
depths beyond 10 fathors off the Texas coast), as reported in the earl-
ier study by Thompson et 3&_{3, p. 12]. The resﬁlting estimated regres-
sion equation wag;

2

In Py = -4.571 + 1.175 1n Y -.379 In lt' R = .748, oe = .0883

(t=3.€) (t=3.5)
Variations in landings for a given fishery (like the one off the Texar
coast) are still regarded by hiologists as being largely random ., Thus
to remove the effect of landings or. price, landings were specified to be
equal to the mean value cbserved {or the Texas fishery in the period 1958
through 1967, Hence the vrics estimating equation ( with base year 1969)

was:

ln p, = -1.332 + 1175 ln y,.

To use this equation, 1% was necessary to project the index of real
income per capita for the five years 1970 through 197k, This was done by
regressing 1n y,_ on tirme , t, for the years 1953 through 1360, and also .
for the years 1961 through 1966, The Tollowing two income projection
equations were developed for the period t = 1970, ,.., 197k%.

Specification T: 1.5} rate of growth in real per capita income

lny, = L.ok + ,015t

Specification IT: *,3% rate of growth in real per capita income

ny, = .ok + ,033t
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To convert 4o roney lerns, the pro’ected prices from these equations
were multivplied by the value ¥ tho ~oanumer price index (with base 1997/59 =
10C) for 1969, 1.277, ane by @ nrice i=flating fietor of 3 percent in
each year thereafter. Taking —nr prodact of the projected price and thre
expected anmual land ng per vesool wita an adjustment for the lay frac-
tion, the owner's ewpected anaual revenue per vessel was obtained. The
expected anrual landing nor vocasl used in this otudy wase the average
of the landings per vessel oblained by the cooperating firm¢ in the per-
iod 1959 throueh 1964 (57,560 pounds of heads off shrimp).There was, of
course, & steady rate of techar.cgleal improvement in that period so trat
this average is likely *o be ar urnderestimate of a 73 foot vessel's an-
nual catch potentizal, Thur, th value of the expected annual owner's re-
venue per vessel for eash: stiplatsd eccnomle growth rate, Et’ ig a more
conservative estimete thar poasibly ‘s the case, it might have been fur-

‘her increased for expe~ted tecanclogical improvements,

For the first set <f four problems, the estimate of the owner's
lowest annual revenue pcr wvesssl, L%, was found by taking the lay regid-
ual of tae product of tnc 196% chrivp price and the projected lower bound
for landing per vessel. Thi:s iowers bound was taken to be 3.4 standard de-
viations {in t units for 11 dopress of freedom) below the mean landing
per vessel of 57,560 poundsw.‘h tae sample standard deviation being 5,731
pounds. Thus,the probab’li=y -7 the landing per vessel being greater than
this lower bound (asswning this to be & valid prcbhability basis) is greater
than .99, Moreover, since the growth rate in real per capita income was

implicitly taken to be zero, the »robability of revenue per vessel fall-

ing below the implied estimate of the ocwner's lowest annual revenue per
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vessel (where the price is projected under either specification) decreases

steadily as the plann’ng periad unolds. In other words, the estimate of Lt
is very conservative for the yesr 1970 and becomes increasingly conservative
thereafter in the planning pericd%

For the second set of tw: problems in which the shrimp price is random
as well as the landing per vesgel, the same value was used for the owrer's
lowest annual revenue ver veszel . Thisz resulted in a slightly smaller
probabilisy of survival thun iz the first four problems (because of the addi-
ticnal randommess in the price), but one still greater than .99, Thus, in
the interest of simplicity, the same value of Lt was used in bhoth sets of
problems.

Knowledgeable industry representatives (who were consulted with regard to
the above specificationc) ind.cated a five year survival period would he
especlially meaningful far firro sperating the 73 foot trawlers, Accordingly,
two Tive year seguences of rundom revenues rer vessel were developed with only
the landing per vessel being random ir the first sequence. Landings per vessel
were regarded as independent of price, since the fishery has a relatively com-
petitive structure; morecver, “cr the period studied, per vessel landings for the
Cooperating firms were not highly correlated with landings per unit of effort

5 (o2

r’ = .16). Using the regression estimate for price i

in the Texas fishery
in each year 1970 through 197L and the estimated standard error of the regres-
sion, and also using sarple rean and standard deviation for landings per ves-
sel of the cooperating firms, the random prices and landings per vessels were
calculated as follows: {1) By use of the Box-Muller (1] method, normal random
deviates for prices and lendings per vessel were independently generated;

and (2) the products of these twe random variableé were adjusted for the lay and
changes in the purchasing power cf roney. The following random sequences were

accordingly obtained and used in the analysis,



Random Sequences of Revenues per Vessel

Sequences No, 1

Problems 1 & 2 Prcblem 3 Problem 4
$30,7h1 $36,141 $31,413
42,572 48,233 by hs7
39,859 45,795 k2,531
39,797 h6,020 3,393
50,78k 57,308 56,583

Sequences No. 2

Problem 1 Problem 3
25,450 29,920
47,261 53,546
38,810 4l 589
36,077 41,719
L, 7y 50,495

Tt may be helpful to recall that the decision meker is regarded as being a
better than average manager in Problem 3., The 1.5 percent rate of real economic
growth per capita is used in Proolems 1, 2 and 3; and the 3.3 percent rate of
econcmic growth is used in Problem U,

In evaluating the sclutions to the first gset of four problems in Table 2,
the results indicate the profitability of investing in shrimp fishing capacity
during the 5 year plenning periocd. The model fisherman opted for investing in
fishing capacity in Problem 2, even though he had the option to leave his money
in savings at 8.5 percent interest. Thus, the rate of return over cost from
shrimp fishing was greater than 8.5 percent. In further analysis, it was found

to continue to be until the rate of interest reached 9.5 percent; then the rate
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of return over cost switched in favor of savings.

The value of better than asversge management is indicated by the results in
Problem 3. There, the average landing per vessel was taken o be one standard
deviation (5,731 pounds) sreste» than in Problem 1. The same amount wos invested
in the fiest year; but in the recond and third yearc there were striking differ-
ences. ‘Me model fisherman bought 5.8 vessels in Problem 2, while he did not
buy any n Problem 1. T chese <o pay off debt in the first problem after the
initial investment, sinc: that represented a more profitsble usea of his monay.
It mey be noticed that the invesiment upper bound limited the size of the
purchases in the first three years of Problem 3 {and the first year of Problem
1). The marginal value of anotrer vessel was positive; howevar, the money
was not availehle for investment (given the desire to survive).

Success in shrimp fishing is clearly influenced by the rate of income growth
in the economy, compare Problems 1 and 4, 1In Problem L, the marginal value of
another vessel is almost twice &s large in the first year as in Problem 1,
and remeins large in the second yesr when the value in the first problem goes
negative. This increasged growth in pe» capita income results in an increessed
abllity tr invest in the second year in Problem 4 and still further increased
ability, at a lower margina® ircentive, in the third year. The model fisherman
carrys a considerably larger debt load, as a result of the increased profit-
ableress, in Problem 4 than L. Problem 1.

In evaluzting the secind set of results given in Table 2 and comparing
these sclutinns to the oner in Table 2, enly slight differences between the
results may bo noticed. Soncowhat less ‘s invested over the plenning pericd in
Problem 3 in  the sccond case than in the first. Also, a

slightly larger debt lowd wun generally carried in most of the planning period,
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The marginal investment incentives were of course , the same in both sets of
problems, they are based on expected valuers, Vagrancies in landings seem to

bhe much more important than uniexpected variations in price,
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TABLE 1. Values of the Parameters for the Survivel Problems

Parameters Problems
1 2 3 Y
N-~number of years in 5 5 5 5
plamning period
Z_~-=-initial cash balance 0 96,145 0 0
in dollars
¥y --initisl number of 1 0 1 1
boats in fleet
x_--initial investment 100,000 0 100,000 100,000
in dellars
y=~ennual interest .085 .085 . 085 .035
rate per dollar
T,~~annual production 30,000 x 30,000 x 30,000 x 30,000 X
cost per vessel in '1.07)E 1.02)F 1.0t 1.0t
GO 1eme (1.03) (1.03) (1.03) (1.03)
C,~-per vessel purchase 100,000 x 100,000 x 100,000 x 100,000 x
. - o i t -
price in dollars (J,.03) (l.OS)t (1.03)1: (1.03)".4
e--annual depreciation 091 001 .09 001
fraction per dollar
invested
{--annual income tax 25 .25 .25 .25
rate per dollar of
taxable income
B--recoverable fraction .65 .65 .65 65
of the investment in
fishing capacity
A--annual cash withdraw- 3,600 x 3,600 x 3,600 x 3,600 x
al for sundry expenses 1.02}% t o2yt t
in dollars (1.03) (1.03) (1.03) (1.03)
E,=~owner's expected 49,790 x L9, 790 : 5k, koo xt kg, 790 xt
anhual revenue per - t iy ~ o
vessel in dollars * pt(l.03) pt(1.03) pt(l‘03) pt(l'OB)
L, --ovner's lowest ennual 22,500 X 22’502;X QE’SOth 22,500tx
revenue per vessel in (1_03)t (1.03) (1.03) (1.03)

dollars

* See Appendix Table % for numbers used.



TABLE 2. Solutions to Four Survival Problems in Table 1, Landings Per Vessel are Rendom,

Problem Year  Marginal Value Investment Boats Owned Cash Balance Debt to Gross
of Another Vessel  in toats  (number) (dollars) Asset Ratic
(doll.a.rs) (number)
0 - - 1.00 0 -
1 5,8L43 1.4k 2,k -144,356 .57
1 2 ~78L O 2.4 -127,678 L8
3 -7,896 0 2.kl ~11%,862 L3
N 15,47k 0 2,4 -108,022 .38
5 -23,h90 @ 2.4k ~74,436 .26
0 - - 0 96,145 -
1 5,843 2.h2 2.2 ~145,083 .57
A 2 ~78k ) 2.2 ~12¢6.,507 A8
- 3 ~7,896 O 2.4 -115,728 .13
i ~15,h7k o 2,42 ~10%,908 .38
5 ~23,450 9 2,42 -73,534 .26
O - - 1.00 0] -
1 21,410 1.k 2.4k -136,L87 .53
5 o 16,198 1.13 3.57 -216,534 .56
3 7,080 .03 7.59 -581,958 .68
L -5,562 O 7.59 -511,662 .58
5 -18,570 0 7.59 -353,977 -ho
0 - - 1.00 0 -
1 10,655 1.4k 2,50 -145,128 .56
) 2 9,943 .80 3.23 240,502 .58
3 2,62k 3.15 6.38 -503,59% .70
L =7,59% 0 6,38 -462,898 .63
5 -19,119 0 6.38 -341,999 L5
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TABLE 3. ESoluations to Two Survival Problems in Table 1, Shrimp Prices anc
Tandings per Vessel are Random.

Probhlem Year  Marginal Vualue Tnvestment Boats Owned Csash RBslance I'ebt to Groes
of Another Veosal  in boats (number) {collars) Asset Ratic
(doliars’ (nurmher)

o) - - 1.00 0 0
1 5,843 1.0 2.4k ~156,026 .60

1 z N 0 2.k ~126,538 48
3 7,80 3 2.k ~118,206 43
i -15, it > 2.4k -118,517 L2
5 =23, 0 3 244 ~170,311 L34
0 - - 1.00 0 -
1 21, b0 Ll 2.4 -147,85¢ .57

, o 16,147 59 3.13 ~176,191 52

= 3 7,060 Lo T3 ~529,170 09
h “5, 56 9! 7.3% -533,307 63
5 -18,570 8 7.3k -L3f 263 .50
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Footnotes

This cost figure is $L,000 higher in the base year than the one usec
by Thewpsor et al. [31.

[0 effect, the owner only gets 65 percent of the exvessel price.
Mhis was done since the vintage was not kept track of in the model.

To have a probability support et L., it 1s being implicitly assumed
that this small probability of non-survival is insurable. This point was
pintod cut by Robert . WilDon,

landinegs per unit effort in the Texas Fishery were highly correlated
with landings per unit eifort for the Gulf and South Atlantic.



1.

2.

3.
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Appendix

Appendix Table 1, Values of Projected Index of Real Per Capita Income

Year Specification I Bspecificaticn IT
1 136.98 139.52
“ 139.06 14,27
3 141,17 149.19
i 143,32 154,27
5 145.50 159.53

Appendix Table 2. Values of Projected Resl Shrimp Prices

Year Specification I p Specification IT, Ty
(cents per pound) (cents per pound)
1 85.68 87.56
2 87.22 a1.07
3 88,78 al, 73
N 90.37 08.53
5 91.99 102,49

Appendix Teble 3. Values of landings per Vessel for Random Sequences 1 and »

Year Problems 1, 2 & &4 Problem
{ pounds) (pounds)

1 41,965 49,336

2 55,435 62,806

3 49,501 56,872

i Wr,1ko0 54,511

5 57,375 6l , 7Le
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Appendix Teble 4. Velues of Keal Shrimp Prices for Random Sequence 2

Year Problems 31 & 3
{cents per pound)

70.93
96.82
86,44
81l.92
81.05

ALY PO

Appendix Table 5, Values for Expected Revenues per Vessel

Year Specification T Specification IT
(dollars per vessel (dollars per vessel
per year) per year)
1 42,231 43,154
2 Wy,277 L6,234
3 he 2, 49,333
L L3 ,670 53,068

51,028 56,355

h|







