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FINMAN: Simulated Decision Analysis with Multiple Objectives 
JERALD S. AULT AND WILLIAM W. FOX, JR. 

Rosenstiel School ofMarine and Atmospheric Science, University ofMiami
4600 Rickenbacker Causeway, Miami, Florida 33149, USA 

Abstract.-Management of large-scale, muitiuser fisheries requires simultaneous considerationof several competing objectives. Simulation analysis was used to select the most "effective"strategy to attain optimum sustainable benefits. A fishery management institution ajid resourcestructure were simulated with the microcomputer-based model FINMAN. which simulatesdecision-making responses at three levels within the institution: fishery management rules, thefishery agency's .neral budget allocations, and research budget allocatiors. The program alsoallows for a variety of fishery types, rule development structures, and levels of authority over thefishery. Effectiveness was defined as acomplex function of the attributes cost, rate of orofi., degreeof enforcement, population capacity, and time to achieve goals. A decision analytic model wasdeveloped for evaluating management policy strategies. Attribute3 can account for effects overtime. and probability density and utility functions were assessed over the five atributes. Uniqueaspects of this study were an assessment of amultiattribute utility function and use of that functionto help make an important fLhery policy decision 

Fisheries require rigorous management policy
due to multifarious competing uses for finite avail-
able resources. With escalating resource usage,
decision makers (DMs) are pressured to make 
spontaneous decisions on the regulation of marine 
resources that may have important biological,
economic, and social effects. Conflicts over the 
quantity of fish present, who will catch whicl fish,
what gear may be used. and how much will be 
caught provoke great and long debate and are 
commonplace in all forms of the journalistic me-
dia. state and federal legislatures, and national 
and international fishery management councils,
Fishery institution management decisions are 
basc%, 'ncomplex systems of many state varia-
bles. Management success depends upon deci-
sions made by the institution's component mem-
bers: fishery managers, agency administrators. 
and research supervisors. The recognized key to 
smoothly functioning fishery institutions is the 
clear understanding of each componen's needs 
and of the bases for the actions of each compo-

nent. Thus, fishery DMs need to understand these 
complex relationships and to anticipate future 
situations. These precepts may seem trivially ob-
vious, but it is important to note that the ideal 
interactions within the institution are never fully
realized. However, the ideals can be approached 
if individuals receive extensive experience in each 
of the three major components of the fishery
management institution. The historical paradigm
for individual professional development within 
the institution was to enter in the research com-
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ponent and, with seniority, experience, and suc
cess. sequentially graduate to the research pro
gram's management component. Relatively re
cently. there has been a greater overall tendency
for fishery DMs to enter the institutional frame
work laterally rather than sequentially and to 
bring with them valuable expertise in resource use 
and program management skills. Although this 
approach has certain advantages, it exacerbates 
the communication problem within the institu
tional framework. Neither pathway necessarily
provides direct experience in the two management 
components for research scientists, nor in the fish
cry management component for research program 
managers. A didactic tool has been needed for 
providing simulated "hands-on" experience to as
sist students, professionals, and fishery manage
ment appointees in making fishery management
decisions and fishery research program decisions. 
Traditionally, as they solved problcms in such dis
ciplines as fishery development and management,
DMs have considered asingle objective wit' ,ntheir 
frameworks for analysis, i.e., the proximal MSY 
(rmaximum sustainable yield) criterion. Over the last 
decade, however, there has been an increased 
awareness of the need to identify and consider 
simultaneously several objectives, particularly 
those derived from the study of large-scale, mul
tiuser fihery systems.
 

The 'INMAN Simulator 
The FINMAN (Fisheries Institution Manage

ment-training simulation model) microcomputer 
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FIGURE I.-Flow diagram of the FINMAN simulation
model. 

simulator was developed to nmeet !he need for a 
multiobjective decision model (Ault and Fox 
19.04.a, 1986b, 1987). A flowchart of the age-
structured discrete-time FINMAN simulation 
model is shown :n Figure i. To this end, FIN-
MAN was designed as both a didactic tool and a 
systems analysis tool. The essence of simulation 
is to provide a realistic and detailed representa-
tion of the problem under study, which allows the 
DM to test various alternative approaches to the 
problem (Bradley et al. 1977). Simulation is useful 
in resclving questions posed by the analyst. Sim-
ulation models evaluate each alternative by calcu-
lating a corresponding measure of penrormance.
Simulation models do not generate optimum solu-
tions, but simply permit evaluation of alternative 
solutions supplied externally by the DM. 

The FINMAN model allows the user to select 
among several options. The program then gener-
ates the initial data and information set, including 

situation the user is confronted with in termsof his or her continued employment, and queries 
the user about a series of budget and management
 
decisions. To establish the constraints placed on
 
management authority and 
 abilities, a series of

options is shown so that an information base of
 
ihitial conditions, used to make 
 basic decisions
 
regarding management measures and institutional

budget allocations, can be g.reraled. These deci
sions include management measures to be imple
mented; overall budget allocations among re
search, enforcement, and development, and re
search budget allocations among data collection

and anaiysis projects. The bdsic biological and
 
fishery-specific model is a modified ex:ension of
 
Fox's (1973) generalized exploited populationsimulator. The precision and accuracy of the 
overall view of the fishery state may be contro:ledin part by the budget allocations and particular
 
management decisions. Most processes have 
 a
stochastic element, so the program uses chance
variables in formulaing each "annual- update.


the user's employment is terminated due to
poor performance, or wher. a selected number oft

iterations has been performed, FINMAN pro
vides a summary of the user's performance. The
 

goal is to maximize a multiattributed utility
objective function that embodies comparisons, by
 
preferential ordering, of different manager's 
 ori
entations and varying human attitudes to ards
 
management objectives. Survival of the user

through all the iterations is based on probabilities

influenced by the performance of the fishery ano
 
by constituency contentment.
 

The model has six preprogrammed fish-stock 
life history modules, each parameterized with the 
economic, sociological, and biological settings
that typify fishery institution management frame
works for the respective fisheries. The available 
species modules for management strategy simula
tion are grouper (Serranidae), tuna (Scombridae). 
anchovy (Engraulidae), shrimp (Penaeidae). cor
vina (Sciaenidae), and snapper (Lutjanidae). One 
can use FINMAN to visualize the approximate 
system response of a particular exploited stock 
even when the fine details of the fishery system 
are not known, a situation prevalent in developing
countries and developing fisheries. For such situ
ations, the user may approximate the unkno%n 
variables by "best guesses," transferring infor
mation from other similar but better understood 
fish stocks. In this way, the investigator may
study system responses to various parameter scal
ings to gain insight concerning system sensitivity. 

'/
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to determine the envelope in which system re-
sponses in the deterministic model are guaranteed 
to occur, and thereby t: disregard infeasible re-
giors of system space. Intuition may be gained
kith respect to developing or implementing pru-

dent management alternatives for successful sys-
tern e'.olution. The model is useful in demonstrat-
ing large-scale and often counter-intuitive interac-
tions. One can use FINMAN to plan. to evaluate 
alternatives, and to identify sensitive areas of the 

Goals for Fishery Resource Management 
Shifting of societal values and norms has 

prompted the enactment of laws regulating the use 
and management of natural resources toward mul-
tiple objectives. The most obvious concurrent 
fishery management objectives are the biological 
objectives of maintaining environmental quality 
by conservation of resources while maximizing
the physical yields from the stock(s): the eco-
nomic objectives of providing short-term and 
long-term capital needs, maximization of profits.
and minimization of production costs. and the 
sociopolitical object~ves of creating employment 
opportunities, promoting development, and 
achieving equitable distribution of resources. Fish 
and fish sales pky a powerful role in the interna-
tional political arena, and fish have important 
domestic recreational potential. It is not possible 
to satisfy all objectives simultaneously at their 
respective optima. and trade-offs between corn-
peting objectives must be made. Thus it is neces
,,ary to decide the overall goal of management. Inan orlucer. taine re 	 cesuncertainan ",orld. the responsiblepon ibl DWADM alabalances 
judgments about uncertainties with his or her 
preferences for possible consequences or out-
comes (Keeney and Raiffa 1976). It often is nec-
essarv to reconcile several partly or wholly con-
flicting objectives. However, fishery management 
plans. rarely specify explicitly what these trade-
ofRs should be. To establish an overall goal for the 
management of specific resources ertails a defin-
iti',e statement of how much the various objec-
tives are of concern to the DM in some common 
measure. The objective function would be con-
,,trained to avoid the worst conditions of any one 
objective, 

Techniques to formulate this problem involve 
decision analysis, a concept and procedure for 
systematically analyzing problems in a rational 
manner. Hertz and Thomas (1983) identified two 
roles of decision and risk analyses: the analyses
offer a broad perspective for structuring the pro-

cess of decision making, and they provide a set of 
techniques for evaluating the worth of alternative 
decision options. Both analytic approaches in
volve decomposing and structuring the problem.
assessing the uncertainties and values of the pos
sible outcomes, and determining the preferred 
strategy in terms of some specific choice criterion. 
Under these approaches, it is assumed that the 
DM's preferred course of action will depend on 
the probabilities that this course of action will 
result in the various possible consequences, and 
the DM's preferences for those consequenccs 
(Keeney 1971). Thus, more than one attribute or 
measure of "effectiveness" is needed to describe 
the possible effects of the outcomes on each of the 
important groups concerned with the problem.
The following five measures were selected for 
evaluating effectiveness: 

' = 	 years in position for the manager (perfor
mance ethic): as X, increases, the new
ness decreases: 

X, the practical capacity of the population in 
terms of population abundance (conser
vation ethic): 

X, rate of growth of the within-year invest
ment (commercial ethic):

X, relative amount of money to development 
(development ethic): 

X- number of potential regulation schemes 
enacted (civil rights ethic). 

The 	 DM must fulfill the responsibilities of each 

generation as trustee of the environment for suc
ceeding generations so that environmenta' quality 
may be preserved. Furthermore. the value attached 
to money is not the same for all decision makers. 
Both the DM's wealth and her or his attitude toward 
risk affect the DM's utility function. 

Most complex problems involve multiple objec
tives. One of the most important problems in 
decision analysis concerns quantification of the 
DM's preferences for the various objectives. To 
quantify the DM's preferences, we must obtain a 
utility function overall possible consequences. In 
utility theory, it is assumed that an individual can 
choose among the available alternatives in such a 
manner that the satisfaction derived from the 
choice is as large as possible. Finally, the desire is 
to obtain an objective function involving multiple 
measures of effectiveness to indicate the degrees 
to which the various objectives are met. 
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Multlattribute Utility Function Development °nates the most desirable and X,' the least desir
and Parameterization able consequence. This function has two proper-

From the aforementioned measures a multiat- ties that make it usefil in addressing the issue oftribute utility function (MUF) was developed. It is trade-offs between the objective functions. First,called an MUF because the argument of the utility u(x') > u (x") if and only if, x' is preferred to x".function is a vector indicating levels of the various Second, in situations with uncertainty, the exattributes. A utility function is simply a mapping pected value of u is the appropriate guideof the values in the range of an attribute (i.e., an 
for 

making decisions, that is, the alternative with theobjective) into a cardinal (counting) worth scale, highest expected value is most preferred. This as determined by the individual. In effect, an second property follows directly from the axioms
individual's utility function is a formal, mathemat- of utility theory postulated first by Von Newmann
ical representation of his or her preference struc- and Morgenstern (1947).

ture. Utility theory is being applied with increas- Let

ing credibility to consumer demand and econom- most preferred outcome of x,;

ics, public decision making, and corporate X, most preferred outcome of x,
 
management (e.g., Keeney 1973; Powers and " least preferred outcome of x,.
 
Lackey 1976; Goicoechea et al. 1982; Hertz and Then,

Thomas 1983). If a DM conforms to several axi-
 U,(X,0 ) 0 oms relating to choices among certain and uncer- and (2)
tain outcomes, a utility function can be con
structed. Normally, a utility function is defined 
 ui(x) 1, 
over a set of attributes (i.e., the domain) and takes
values in the set of real numbers (i.e., the range). SO
 
The domain may contain one or sevetal at- 0 0 0 

=
u(x,, , X3 , , X.5) 0x 2 x 4tributes. In the case of several attributes, the and (3)
function is called an MUF. For multiobjective

problems, utility functions, in principle, can 
 1(x 9,, x, .r, Xs) = I:

order completely the set of nondominated solu- = X
Xu _ . . x Xi- x Xi I x X
tions. A utility or worth can be associated with i ...
 
each nondominated solution, 
 and the solution
with the highest utility is referred to as the ._ is a member of Xj.:

best-compromise solution. 
 X_ = x . . . Xi I IX . 

Given the five attributes that contribute to our ."quality of fishery management" criterion, we x, is a member of Xi-.
desired to construct a utility function reflecting all The main assumptions used that allows develof these measures. In general, we were interested opment of equation (I) concern the concepts of
in assessing the uz.ility function over X (X = 
X, x preferential independence and utility indepen-X, x . . . x X), denoted by u(XX, .. .. , X,) or dence (Keeney 1971, 1972, 1973, 1974). We sayuX). and the function is assumed to be continu- the X, x X is preferentially independent of A',,_ous. each X, having a definite effect on prefer- one's preference order for consequences (x,. xi. 

if 

ences. Rendering decision analysis operational for .,,. with x _ (read: x not ij) held fixed, does notmultiobjective problems may entail assessing the depend on the fixed amount x,_. This implies thatDM's utility function model. A muitiobjective the indifference curves (see Keeney and Raiffa
progiamming problem is characterized 
 by a ," 1976) over Xi x X are the same, regardless of thedimensional vector of objective functions and a value of X,_. In a similar fashion, we say X, isfeasible region X as given by utility independent of X_ if one's preference 
order over lotteries on X, written (X. X,_)u(x) =f[u,(xl), tu,(x). u(x,)] ill X,- held fixed, does not depend on 

with 
the fixed 

amount of xi-. This implies that conditional utilityli(x i ) - the ith objective function evaluated over function over Xi, given X._ fixed at any value, willattribute x,. be a positive linear transformation of the condi-Each X may be either a scalar attribute or a tional utility function over X,, given X, fixed atvector of scalar attributes. It is assumed that any other value (Keeney 1971). In practice. ifpreferences over X are bounded, and X,* desig- such a condition held for three or four 50:50 
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lotteries covering the range of X for approxi-
mately different values of xi- covering the range 
of Xi_, one would be justified to assume X, is 
utility independent of X i (Keeney 1972). 

Given the validity of the two assumptions, to 
assist the DM in articulating his preferences for 
the 	 particular problem, the following multiat-
tribute utility function (Keeney 1974) is sug-
gested: 

l + Ku(x) = [I + Kkiu, (xi)]. (4) 
"I 

Expanding the product 

I + 	Ku(x) = [I + Kklu 1(x1)] [I + Kk2u2(x2)] 
x . . [i + Kk5uI(x5 )] (5) 

and 	solving explicitly for u(x) gives 

u(x) = ({[l + Kku 1(xi)]I + Kk2u2(x,)] X ... 
x [I + Kk5u,(x5)J} -1 )/K; (6) 

k, and K are scaling constants restricted so that 0 
< k, < I, and K> -1 (K O0). IfY k = I and K 
= 0, 	the model is linear. If Y ki# i, then K # 0 
and 	must be evaluated, 

From equation (2), we find 

ulxi*, ' ° 9 iplicative- -.) = (x1 . .... x°-,, x, x°+,, 
x' 0) ki. (7) 

The utility function of a DM is assessed by

determining various points on the utility curve. 

The determination of the points can be 
accom 

plished in the following way. First, two funct.onal 


0values, x* and x , are chosen so that they are 
sufficiently wide apart to encompass all the re-
wards and penalties in the decision problem. 
Utilities are then arbitrarily assigned to these 
points. Typically, u(x*) = I, x* representing the 
highest functional value, and u(x0) = 0, x0 repre-

senting the lowest functional value. 


Next, the DM is presented with a lottery involv-
ing x* and x' and told that he or she has a 
probability (p) of receivirg x* and a probability (I 
- p) of receiving xA. The DM is then asked what 
amount x would be acceptable for certain in place
of the above gamble. Once x has been determined, 
a correspondence between x and p has been 
established. With this known correspondence, the 
utility of x can now be calculated as 

u(x) 	= p[u(x*)j + (! - p) [u(x°)]. (8) 

Because u(x*) = I and u(x°) = 0, equation (8) 
reduces to 

u(x) 	= + ( -p (9 
= 

By varying p and changing the gamb!e, any
number of points on the DM's utility curve can be 
generated. These points can be plotted in [x,,
u(xi)] space :-, determine the shape of the curve. 
Curve-fitting procedures can be used to estimate 
the functional form of the utility function (Mar
quadt 1963; Drape-r and Smith 1981). The scaling 
factor K may be found numerically (Keeney and 
Raiffa 1976) by solving 

l + 	K = (l +Kki). (10) 

Equation (10) is derived from equation (1) when
all attributes are offered at their most prefen-ed 
amounts; i.e., x = x*. IfI k, > 1, then -I < K <
0; if Eki < 1, then K > 0. 

To use.either the additive or the multiplicative 
form, we need to obtain exactly the same informa
tion to pecify the r.-attribute utility function u(x, 
x, ... , x, ) completely. Then we can assess the n 
single-attribute utility functions u,(x) on scales of 
zero to one by application of the n scaling constants 
ki (Figure 2). If 2k. 0 1,the utility function is multi

and the additional constant K can be foundnumerically by solving equation (10) (Table 1). 
By specifying a group of aiternatives differing 

slightly in some feature, we can conduct a sensitivity analysis of the probabilistic inputs (Keeney 
and Raiffa 1976). Also, we can conduct a sensitiv
ity analysis of the preference structure by varying 
such parameters as the scaling constants in the 
DM's MUF. Typically, rnot all of the inputs need 
to be specified as probabilistic variables because a 
preliminary sensitivity analysis is often used to 
screen and dentify those inout variables that need 
to be specified in probt'bilistic fo,'m. In this way,
different utility functions of members of a deci
sion-making group can be used to evaluate and 
rank the alternatives. This might clarify differ
ences of opinion and suggest certain creadve 
compromises if reeded. Monte Carlo techniques 
can be applied to find the expecred utility values 
for dependent probability distributions. The 
Monte Carlo approach would generate a sequence 
of x 	 (a, = 1, 2,. 7,). and we then compute 

I 'V
 
T =L* u(x+)
for T large. 
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FIGURE 2.-Individual utility functions, u,(x,), for the five attributes specified in the multiattribute utility functionfor the FINMAN simulation of a grouperoid fishery. Utility functions are (A) newness on the job (performance
ethic), (B) conservation ethic, (C) commercial ethic. (D) budget development (development ethic), and (E)
perceptions (civil rights ethic). 

Example of the MUF Applied to Tropical here is an Atlantic-province grouper recognized 
Grouperoids as an apex predator. It is a reef and continental 

The FINMAN model was designed for exami- shelf slope dweller that is slightly migratory. Their
nation of system responses to biological, socio- populations seem to behave as unit stocks. Typi
economic, and political fishery management deci- cally they are protogynous hermaphrodites (i.e.,sions and fishery research program management they mature as females and later in life transform
decisions in a variety of situations. Although the to males). The ability to model hermaphroditic
simulation model has been developed along gen- stocks has been accounted for in the FINMAN
eralized lines to accommodate a variety of fishery model (Table 2; Ault and Fox 1986a, 1986b). Forcomplexes, the impetus here was to examine the grouperoids, the dynamic pool relatioai for the 
response to exploitation and the attendant man- population of yields in weight can be viewed inagement structure decisions for optimal policy, any three planes as a four dimensional surface. 
The grouperoids (fish with grouper-like life his
tory strategies) are an important component of f(F, ti., R); (11)
commercial and recreational catches in tropical F instantaneous fishing mortality;
and subtropical regions. The grouperoid treated t,. time or age of first capture; 
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TABLE I.-Utility attributes and their ranges for individual utility functions. 

Utility attributeb 
Factor or Performance ethic Conservation ethic Commercial ethic Development ethic Civil rights ethic 
outcomea u(x,) u(x 2) u(x 3 ) u(x 4) u(x5) 

ki 0.8 0.45 0.4 0.6 

,* 0 Maximum population Maximum profit 0.33 of total budget None 
,r, 30 0 Zero and negative profits 0 All possible 

'k = scaling fictor for utility function i: x,*= most preferred outcome of x,:.r,' = least preferred outcome of x,.
'The multiattribute utility function (MUF) scaling factor (K) = -0.995. 

R recruitment of individuals to the exploit- tained yields, and that high fishing mortalities 
able phase; potentially cause extinction of harvests.

Y,. total catch in weight for the stock. Yield-per-recruit theory assumes equilibrium 
dynamics. However, developing fisheries areTwo different response surfaces are visualized time-bound and dynamic, and effects follow aif one assumes either aconstant recruitment func- transitional course. The question is how to protion through time or a s'iock density-dependent ceed over the yield surface in a transitional dyrecruitment function (Figure 3). The yield model namic path to achieve optimal yields. Suppose,

for the constant-recruitment function predicts that for example, that an artisanal level of fishingglobally highest marginal yields are obtained at mortality (F = 0.02) is presently operating on thelow to iniermediate fishing mortalities and mid- grouperoid population of interest. The decision range ages of first capture. The density-dependent analysis problem is on," of deciding how torecruitment yield model predicts that low fishing achieve acceptable levels of marginal yield, effortmortalities generate the highest maximum sus- capitalization, stock biomass, spawning stock. 

TABLE 2.-Parameters of the simulated grouperoid population (data from Ault and Fox 1986b). 

Value 

At age (years) 
Parameter Symbol' General 1-4 5 6 7 8 9 10 I1 12 1 

Number of year classes t, 13 

Natural mortality M U 0.2 

Age at first recruitmem 1P in 1/12 year 

Year of first maturity t,, 5 

Recruitment (Bevertom 
and Holt function) 

a 1.0xl0 -6 
7.Ox 10- 4 

Maturity fraction 
Female 
Male 

Of 
4),. 

1.0 
0.0 

0.98 
0.02 

0.85 
0.15 

0.70 
0.30 

0.50 
0.50 

0.40 
0.60 

0.25 
0.75 

0.10 
0.90 

0.05 
0.95 

von Bertalaniffy growth function 
Asymptotic length L. 1,290 mm 
Asymptotic weight 
Growth constant 
Initial time 

W. 
K 
to 

25 kg 
0.122 

-1.127 year 

Fecundity (millions of eggs) X, 0.0 0.3 0.4 0.53 1.5 3.5 5.0 6.0 7.0 

Unit cost C, $1,000.00 

Value of catch VC, $4.40/kg 
4Subscript i denotes age; subscript j denotes year. 
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GROUPEROID 
A. Deniity-Dependent Recruitment 

, 
 0
 

1, O YIELD 

FIGURE 3.-Response surfaces showing yield inweight per equilibrium recruitment for the grouperoid fisheryused in the FINMAN simulation, under hypotheses of (A) density-dependent recruitment and (B) constant
recruitment. 

and profit given the appropriate individual evalu- Results
ation of each factor's utility. Three exploitation The medium-risk and high-risk exploitation pol
policies-I, medium risk; HI, conservative; llI iciesulted othe forANm (I and li) involved increases in fishinguain-udrhpteeof()dniydpnetrcutntndB)osat 
high risk-were used to test management Fishing mortality of 25%/year. In both cases, fishingstrate mor
goits
underseealcdits t ae i r talities were decreased after the 18th year of the
moGUltE was fidmsatestrified inerahpe 


F(t + I) = F(c) + F(t).,ni; (12) 
high rpcerentage change in fishing mortality for 

the timestep t. 
All exploitation policies had linear rates of 

increase applied against the existing fishing mor-
tality in the present year. We also investigated 
optimal harvesting policies of two types: policies
under which the optimal level of effort was deter-
mined for each year of a fixed planning horizon; 

and policies in which the optimal harvest was 
determined by deterministic and stochastic es-
capement. Monte Carlo simulations were run on 
the various stochastic policies, 

planning horizon at different rates. Under the 
conservative exploitation policy (Ilo fishing mortality increased at 12.5%/year throughout the 
planning horizon (Figure 4). The highest harvest, 
in terms of physical yield in weight, was captured 
under policy IIl through the 15th year of the 
planning horizon, under policy I from year 16 
through year 22, and under policy II thereafter 
(Figure 4).

The characteristics of equilibrium yields and 
profits were identical under policies I and I 

(Figure 5). Inboth cases, yield curves were asymp
totic and indicated an apparent MSY of about 
1,300 tonnes. Marginal yields apparently were 
highest when F was 0.3-0.4. The equilibrium 

TABLE 3.-Hypothetical policies for harvest of a simulated grouperoid population. 

Annual increase in 
fishing mortalityPolicy (F*)a 

1: medium risk 0.25 
it:conservative 0.125 


Ill: high risk 0.25 

.' 4F*) for i = 2. 3 .... N andjPF, = F,1 1. + F I = 1.2. 
planning horizon N. 
bAge of first capture.
 
CN is the population age-distribution vector.
 

tp
'
b Starting N condition' 

7 Equilibrium: Ft = 0.02 
7 Equilibrium; Fj = 0.02 
4 Equilibrium; Fj = 0.02 

t,;FU is instantaneous fishing mortality for age i in yearj of 



174 AULT AND FOX 

A 
Year of Planning Horizon 

2.0 1. . . . . . 

0. 

990.6 . 

t00.4 

A 

B 
Year of Planning Horizon 

200 2 . 4 6 8 10 12 14 16 1s 20 22 24 2r-

a' 
1200 

400 

FIGURE 4.-Temporal plots of (A) average fishing
mortality and (B) average yield in weight for a FIN-
MAN-simulated grouperoid fishery operated under
three management policies: 1, medium risk (closed
dots); If. conservative (open squares); and IIl, high risk 
(open circles). Superimposition of symbols indicates 

profit surfaces were parabolic, and maximum eco-
nomic yields occurred when F was 0.15-0.2. 

Under policy !, fishing mortality was decreased 
after the 18th year because we detected a decline 
in transitional yields. The approach is referred to 
as a "surfing" policy (see Walters 1986). Reduc-
tion of fishing mortality caused yields to dip below 
the equilibrium curve (Figure 5). Equilibrium fi-
nally was achieved at about the 25th year of 
simulation. Profit from the fishery maximized at 
year 13, subsequently declined, and became neg-
ative for years 18-23, resulting in a substantial 
loss of profits. Although policy II had the same 
equilibrium structure as policy I, the lower rate at 
which fishing mortality was increased allowed 

physical yields to increase throughout the plan
ning horizon. At the end of the planning horizon,
yields slightly exceeded the apparent highest mar
ginal increment. Profits increased through year
22, but then decreased slightly through the re
mainder of the planning horizon. 

Policy III had a different equilibrium structure 
with respect to physical yields and profits. Selec
tivity for the grouperoids was reduced (age at firstrecruitment, 4 years: Table 3), and the equilibrium
yield surface was more Gompertz in form (Figure5). This suggests that high levels of fishing mor

tality (F > 1.0) could reduce the grouperoid
population to harvest extinction, because fishingdisrupted the stock's reproductive value and re
cruitment processes. The MSY was depressed 
under this approach, and equilibrium MSY occurred when F was 0.15-0.30. The equilibrium 
profit curve was parabolic, reaching a maximum 
when F was 0.15-0.20. The destructive high-risk 
fishing policy showed high gains in physical yieldsup to about the 15th year of the planning horizon,but then yields severely declined to levels below 
the equilibrium relation. Profits reached very high 
levels by year 12, but then collapsed radically and 
became decidedly negative after the 17th year of 
the

Cumulativeplanning horizon. 
physical yields under policy III 

dominated those under other policies through 
year 20, but then were superceded by yields underpolicy I for the remainde of the planning horizon 

(Table 4). Rankings of cumulative yields showed 
policy III engendered the highest average yield in 
weight, and policy II the lowest. Marginal yields
were greatest under policy III through year 15.
under policy I for years 16-20, and under policy I

for the remaining planning segment. The highest
 
average marginal yields were 
 realized by polic,

III through year 15.
 

In period I1-15, policy III was 1.3 and 2.3 time, 
more profitable than policy I or policy II, respec
tively (Table 4). After year 15, policy II yielded
the best profits, and policies I and III both in
duced financial losses. Because of enormous earIl 
gains, policy III showed the highest average proft
for the 25-year planning horizon, as evidenced h% 
simple ranking. Policy I1produced the least prohl 
overall. 

Utility Evaluation and Effective Strategies
Control of utility functions for newness, budget

development, and perceptions allowed examina 
tion of system sensitivity to the various policies in 
terms of the forcing provided by the utility func

http:0.15-0.20
http:0.15-0.30
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FIGURE S.-Rlationships of yield (tonnes) and profit (dollars) to fishing mortality for a FINMAN-simulated 
grouperoid fishery operated under three management policies: 1,medium risk (panels A, B); II, conservative (panelsC, D); and III, high risk (panels E, F). In each panel, the upper curve tracks transitional yield or profits and thearrows indicate the dynamic transitional time path; the lower curve tracks equilibrium values. 

tions u2(X) (coneservation), U3(X3) (commercial),
and also the combined utility function f [u I(x ), 
111(X 2), U3(X3), U4(X4), u5(x~i)] (Figure 6). Probability
density f-,anctions were altered by changes in the 
maximum and minimum values for each of the 
attributes. These changes represent fine-tunings
relative to the alternatives. 

All policies relative to u2(x2) received about the 
same utility response through year 8 of the plan-
ning horizon; however, utilities associated with 

both policies I and III declined from that point
onward. Utility U2(X2) declined rather sharply 
under policy 111, but remained relatively stable 
under policy 11 throughout the entire planning 
horizon domain (Figure 6A). The commercial 
Utility. U3(X3), was best u~nder policy III through 
year 10, but then declined abruptly to zero by year
18 (Figure 6B). We have termed these zero utility 
evaluations as "dead hole" policy. Policies I and 
II supported similar commercial utilities through 
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TABLE 4.-Yield (thousands of tonnes) and profit (millions of dollars) from a simulated grouperoid populationunder three management policies--!, medium risk; 11, conservative; I1, high risk--over a25-year planning horizon.Rdenotes average rank; asterisks (*)denote optimum average rank. 
Cumulative yield or profit (rank) through year Yield or profit (rank) within period

Policy 5 15 2510 20 

1.4 5.1 12.5 20.8 26.9 
(2) (2) (2) (2) (I) 

I 1.1 3.0 6.1 10.8 17.3 
(3) (3) (3)(3) (3) 

1I 1.9 6.7 15.1 21.8 25.5(i) (I) (I)
(!) (2) 

1 4.6 15.8 33.1 32.5 30.8 
(2) (2) (2)(2) (3) 

If 3.7 9.7 19.1 32.4 47.6 
(3) (3) (3) (3) (i) 

il 6.9 22.8 44.5 40.6 33.6(I) (I) (1) (I) (2) 

year 5, but policy I went "dead hole" by year 18
of the planning horizon. Areduction of harvesting
effort under policy I allowed a slight stock and 
profitability recovery by year 24 of the planning
horizon. Policy II allowed 'he highest average
commercial utility, which was relatively stable, 
profitable, and apparently satisfactory to the con-
stituency throughout, and presumably beyond,
the planning horizon. 

The multiattribute utility was best (slightly)
un( L- policy III through year 10 of the planning
horizon, and thus was favored early ia the plan-
ning horizon (Figure 6C). But when the profit-
ability declined due to collapse of the fish stock,
policy III became the least desirable of the three. 
Policy 11 gave the most stable MUF although this
utility declined during the first 3 years under all 
policies (which was due, incidentally, to the de-
cline of the performance utility, u,(x,)),

By the MUF analyses conducted here, policy II 
was the optimal one over a 25-year planning 
horizon (Table 5). Although policy III initially
supported high levels of profitability, its !ong-term 
approach was destructive, and the high-risk pro-file led to collapse of the fishery in terms of 

physcalyiedsad eonoic caos he ore 

conservative posture of policy II with respect to 
both the biological and industrial points of view 
satisfied more of the managment objectives over 
the long run. 

R I-5 6-10 11-15 16-20 21-25 R 

Yield 
1.4 3.7 7.4 8.3 6.1 

1.8 (2) (2) (2) (I) (2) 1.8 

1.1 1.9 3.1 4.7 6.5 
3 (3) (3) (3) (3) (I) 2.6 

1.9 4.8 8.4 6.71.2" (I) (I) (i) (2) 
3.7

(3) 1.6" 

Profit 
4.6 11.2 17.3 -0.6 -1.7 

2.2 (2) (2) (2) (2) (2) 2.0 

3.7 6.0 9.4 13.3 15.1 
2.6 (3) (3) (3) (I) (I) 2.6 

6.9 15.9 21.6 -3.91.20 (1) (!) ,1) 
-5.1

(3) (3) 1.8* 

Discussion 
We have described the use of the multiattribute 

utility function in conjunction with a simulation
optimization procedure to evaluate alternative 
management strategies for a tropical marine fish
ery. 1he MUF approach provided a rational basis 
for including public, industrial, Prnd political input
into the dcision-making process. The MUF in 
our example embodied several criteria, including
commercial fishery benefits, conservation ethics, 
agency benefits, and socioeconomic viewpoints 
on regulation and budget. The MUF methodology 
appears to provide a quantitative basis for discov
ering the relative magnitudes and merits of trade
offs, and the importance of introducing finite 
differences within each attribute. 

Policy simuiation offers corporate and fishery 
management entities a strategic tool that enables 
them to examine the risk consequences of various 
human and financial investment policies. Our sim
ulaLion model, FINMAN, provides a vehicle for 
testing and examining sensitivities to various pol
icies. High- and medium-risk development poli
cies examined here both overshot system productivity in our examples; inboth cases, relaxation offsigitniyddntrsl narpdnrna
fishing intensity did not result in a rapid nor nearterm return to former levels of productivity. 
These policies thus are of dubious validity. On the 
other hand, Walters's (1986) adaptive manage
ment doctrine advocates probing the fishery sys
tem to learn about system response. Walters's 
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A Year of P!anning Horizon ment to minimize mistakes and ensure recovery
140 4 10 2 14 1 1 22 24 26 from collapse. He suggested use of surfing poiicies that let fishing effort develop until the col

lapse begins, and then implement stringent man0." ,agement control to initiate recovery. Maximum 
.yield over the probing cycle depends on how soon0.90 	 the collapse is detected and the speed of recovery. 

Our medium- and high-risk policies seemed tofollow 	this surfing policy scenario in that fishing 
V. 	 intensity continued to develop until, in each case,I year 	 of declining yields 	 was detected. The0 medium risk results 	were the same for both deterministic and0.75 a-	 conservative stochastic simulations. Stock poductivity dimin

.. c hi h risk ished to a point from which quick recoveries were 
0 ... not possible (even with substantial reductioni in 

0 0fishing 	 effort); in such cases, extreme overcapital-Year of Planning Horizon ization in gear, processing, etc., would occur
2 4 6 8, 1012140 20 22 24 26 which could lead to severe economic hardships

o.9 	 (unemployment, loss of investrr*nt capital, etc).0 The conservative policy 	 introduced0.8	 a substan0. • 
•;0.7 -	 tially more moderate transitional fishery and thusavoided the collapses predicted under the me

0.6 dium- and 	 high-risk policies. The conservative 
.Mas'-
 policy 	 stayed away from the cliff edge of the0.4 


-,-	 production relationship, at seemingly safe levelsof transiti:nal exploitation; as a result, it showed 
E0.	 continued viability in terms of yield and economic0.. 	 medium risk 


co.,servative 
 input into the fishery system. 
risk
01 o high.--	 Our analysis does not preclude the possibility

L . .-	 that other surfing-like policies might have led togreater economic productivity than policy II over 
the planning horizon. The point here is that al-

Year of Planning Horizon though surfing is an attempt to deal with cata
1.0 2 4 6 8 10 12 14 16 8 20 22 24 26 strophic changes, as a policy stance it requires the 

DM to identify domains of acceptability and rea
0.9 	 sonability. Surfing, however, can lead to wipeouts(i.e., collapse of a fishery). For this reason, and 

because both commercial and recreational indus
tries require stability of employment within both 
the harvesting and processing sectors, and stabil. 0.? - - ity of average catches so that marketing and 

" -distribution channels can be established and main
0.6 .	 medium risk 

73 	
tained, surfing must be considered cautiously.

| conservative Risk aversion is pervasive in fishing communities 
o--c high risk because these communities' livelihoods depend

the continued productivityon of the stock and 
FiruRE 6.-Utility function responses for a FINMAN- balance of the fishery system, under some varisimulated grouperoid fishery operated under medium-risk, able amount of trade-off that can be specifiedconservative, and high-risk management policies: (A)con- within the MUF.servation ethic (X2) utility function; (B)commercial ethic The FINMAN model was useful 	 in creating(X3)utility function; (C)multiattribute utility function. integrated management structures to test various 

policy 	 strategies. The model is limited to somemethod requires accurate monitoring systems, degree by functional simplifications between manhigh stock productivity, and flexibility of manage- agement interfaces. To make the model actually 
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TABLE 5.--Cumulative utilities by 5-year intervals for asimulated grouperoid population under three managementpolicies: 1, medium risk. 11, conservative; Ill, high risk. R denotes average rank; asterisk (*) denotes optimal
average rank. 

Utility (rank) in planning horizon period
Policy i-5 6-10 11-15 IC-20 21-25 R 

I 3.99 
(3) 

7.58 
(3) 

10.98 
(3) 

13.MS 
(2) 

16.90 
(2) 2.6 

11 4.00
(2) 7.62

(2) 11.21
(I) 14.73

(1) 18.11
(I) !.4" 

111 4.10 
(I1) 

7.76 
() 

11.14 
(2) 

13.91 
(3) 

16.49 
(3) 2.0 

function, we inserted several relationships or Conclusions 
feedbacks that may not be appropriate or best for The fishery management entity is a complex
any given situation, but these can be modified as domain of several attributes. Inclusion of multiple
needed. The biological model might be enhanced objectives in the planning process, as opposed toby incorporation of a continuous-time approach a single objective as used in past practice, will
that allows for protracted recruit.ments and pr,b- broaden the decision-making framework. These
abilistic representations of growth similar to attributes should be embodied within the objec
Ault's (1988) CORECS model. The FINMAN tive function and dealt with under the auspices of
model, by integrating the biological, economic, fishery management. These factors can cover aand sociopolitical environ~ments, has important broad spectrum of overall effects. The operational
advantages over previous classes of fishery simu- method described here helped indicate effective
lation models. The simulation-optimization study strategies over the planning horizon and identify
described here includes only those policies con- time differences in the policies' effects. With theducted under conditions in which uncertainties aid of simulation, we were able to establish ceil
were not of practical importance (i.e., in which ings and targets in the various investment classes,
the attributes of the alternatives being considered and this allowed detailed descriptions of the polwere reliably estimated and not likely to change icies used to make choices in each of them. The
during the relevant time interval). The uncertainty utility function appears robust to assumptions
of a decision situation can be dealt with indepen- regarding recruitment and transitional fishingdently under particular circumstances, after the mortality. Sensitivity analysis done by simultane
multiattribute nature of the situation has been ously altering the ranges of the marginal probabil
addressed under what amounts to assumed cer- ity density functions indicated that the implica
tainty (Huber 1974). The quantification of prefer- tions of the study were not very sensitive to the 
ences for the multiple attributes of a marine probabilities. Further, if several attributes arefishery management problem presented in this included in the management objectives, a higher
paper apparently represents the first attempt to quality fishing experience seems more likely than
obtain a complete utility function over several if only one attribute is considered, and constitu
attributes and to use it in formulating a strategic ency satisfaction should be enhanced accordingly.
policy decision. Our analysis, however, still will It seems likely that the fishery management insti
not indicate which is the bst investment policy tution is on the verge of becoming a major con
overall. That is, it does not show how the choice sumer of operations research technology. Con
of a particular criterion affects the likely outcome comitantly, the industry faces complex decision
of specific real-world variables, or what differ- problems that should motivate new and important 
ences there are (again, in terms of real-world basic research. 
financial or social results) between high-risk and 
lov, -,sk alternatives. Nonetheless, this analysis
doe , demonstrate the need to consider multiple Acknowkdgients
conflicting objectives when potential management We appreciate the support provided by the Flor
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