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Abstract: 
 
Sustainable aquaculture can be achieved when risk and uncertainly are 
incorporated in the analysis of the activity. This paper presents a precautionary 
approach to the feasibility analysis of a project for a commercial hatchery, applying 
decision theory. Two production scenarios were assessed, continuous and 
periodic, the later A combination of 3-production cycles per each dry-out period 
(45:15). At the same time, 4 financing schemes evaluated the effects of financing 
scenarios on the project results. The dynamic output of a bio-economic model 
representing the production system was used for estimating the net present value 
of alternative states of nature and investment decisions. The MAXIMAX, MAXIMIN 
and MINIMAX REGRET criteria were used to incorporate risk and uncertainly in the 
analysis. In the absence of mathematical probabilities, results demonstrated that 
the risk-aversion preference of investors is a key factor in the procedure of 
decision-making. A continuous production project, which was the preferred choice 
when risk and uncertainty were not considered, is selected only by risk-neutral 
investors. Risk-aversive or risk-seeker investors would tend to select periodic 
production projects. The costs for being wrong is large for the risk-neutral, so he 
may decide sacrifice net revenues in order not to pay for a higher risk. The periodic 
scheme, based on sanitary procedures which could reduce diseases, is selected 
by risk-aversive and risk-seeker investors. 
Given the uncertainty present in aquaculture, a precautionary approach to this 
activity is highly desirable for the evaluation of alternative projects. In this work, the 
incorporation of the uncertainty inherent to the production system combined with 
the risk preferences of investors gives a set of options feasible for investment. The 
precautionary approach tends to avoid culture practices not convenient for 
sustainable aquaculture, and this paper demonstrates how decision theory can 
help to achieve this goal. 

In practice, risk assessment must be incorporated in aquaculture operations at all 
possible steps, with the Final goal to assist in risk management processes. In these 
days the shrimp culture industry in Mexico is suffering of severe sanitary problems, 
and the economically sensible thing should be to protect the new investments by 
the incorporation of sanitary states of nature (and its consequences) in the 
feasibility analysis of projects. This is to include the most current most important 
source of risk and uncertainty. On the other hand, from the governmental point of 



view, the difference between "individual risk" and the entire "sector risk" must be 
always kept in mind when defining aquacultural policies. To promote only realistic, 
feasible projects will allow sustaining aquaculture enterprises in the long term, and 
in Mexico now is the right time to implement controls for a long-term activity. 

Keywords: Decision theory, precautionary approach, aquaculture feasibility 
analysis, uncertainty. 

Introduction: 
 
Any aquaculture enterprise implies a certain degree of risk and uncertainty in his 
results. Even the more controlled and technified intensive systems maintain a level 
of uncertainty in their results. Semi-intensive and extensive systems incorporate 
even more uncontrolled variables, and their final output is a consequence of 
production procedures adjusted by random components from biological, 
environmental, and physical sources. Market tendencies constitute an additional 
exogenous variable affecting the activity as well. 

There are many examples of project failure and cost overruns as a consequence of 
the underestimation or omission, of risk and uncertainty in the feasibility analysis. 
Therefore, it is desirable for the investor to quantitatively estimate in advance the 
possible outcomes under alternative states of nature. As uncertain events have 
more than one possible outcome, all the possibilities must be included in the 
decision-making procedure. 

Risky events are ordered according to particular preferences, and both probabilities 
of occurrence and preference differentiate this procedure among individuals 
(Schmid, 1989). However, it is not always possible to attach a mathematical 
probability to an event, being sometimes necessary to give a qualitative value 
frank, for example) in order to carry out the analysis. The risk attitude of individual 
investors may influence their choice of aquaculture project as well (i.e. individual 
preferences of risk-aversion, risk-neutrality or risk seeking (Pearce and Nash, 
1981). 
 
A precautionary approach (Hilborn and Peterman, 1995; Huppert, 1995; 
Rosenberg and Restrepo, 1995; Shotton, 1995) to aquaculture is desirable for the 
management and evaluation of the activity, according to the level of uncertainty 
prevalent. This paper incorporates decision theory in the investment decision 
process of an aquacultural project, by including uncertainty and risk in its appraisal 
(Pearce and Nash, 1981). The project under study is a shrimp hatchery for the 
species Penaeiia vannamei to be located in southeastern Mexico. In aquaculture, 
basic methods for dealing with risk and uncertainty in economic analysis are the 
"average method", the "most likely method" and the "mathematical method" 
(Shang, 1990). In these methods, risk and uncertainty are obtained basically by 
multiplication of states of nature times their probabilities of occurrence. However, 
decision theory has not been applied in aquaculture and it is a much more robust 
approach to incorporate these factors in the evaluation on a precautions base. 

 
Materials and Methods: 

Data to assess the viability of the aquacultural project were obtained during a 
survey in a hatchery in Florida, U.S.A., where records of 24 months of production 
were analyzed. From these data the holistic, dynamic and stochastic bio-economic 



model CAMARON was developed, which simulates the annual production of the 
hatchery (Martinez-Cordero-Seijo & Juarez-Mabarak, 1994). This model was 
adjusted to local conditions through consideration of environmental variables and 
estimation of appropriate investment and operating costs. Economic outputs of the 
model evaluated the project by means of time-discounting financial criteria like 
NPV and IRR (Sugden and Williams, 1980). 

The baseline case of the model represents a hatchery with a production capacity of 
30 million 5 days old postlarvae (PL5) per month. Each production cycle from the 
first nauplius to PL5 takes 15 days, with continuous production along the year. 
Alternative, some commercial hatcheries incorporate periodic dry-outs along the 
year. In an attempt to reduce mortalities due to sanitary problems, a second state 
of nature was assessed, for a production scheme incorporating a dry-out period of 
15 days every three cycles (45:15 or periodic). Table 1 summarizes the main 
biological assumptions used in the model. For both cases (continuous and periodic 
production), random values were included continuously to adjust survival rates, 
fecundity, hatching rates as well as culture-water temperature. These random 
values were generated from the observed variance and the corresponding 
probability distribution functions which represent each of these events. 

Proper financing is a key factor in the success of any aquaculture venture. Debt-
equity ratios are especially important and difficult to change once a project is under 
way. Bad decisions in this respect can cause otherwise good projects to fail. In 
terms of financing, the economic sub-model here exposed assessed the feasibility 
of the project in 4 scenarios, a) 100% equity (EQ), b) 100% bank loan (BL), c) 50% 
EQ - 50% BL (baseline run), and d) 75% BL – 25% EQ. 
Uncertainty relates to a context in which no probabilities can be assigned to events, 
and in such cases decision theory provides with several helpful criteria. Based on 
the NPVs of the projects, the following criteria were applied in this work (Pearce 
and Nash, 1981; Schmid, 1989): 
 
Maxi max criterion. On this criterion, the decision-maker simply opts for the 
highest payoff. This is an optimistic strategy based on looking for the maximum 
pay-off of each strategy. 
 
Maxi min criterion: If the decision-maker is very cautious, the decision that 
minimizes possible losses is in order. This rule is sometimes called the Wald 
criterion and it is argued that applying, it would lead to under-investment and the 
inhibition of economic growth. 
 
Mini max regret criterion: Also known as the Savage criterion, defines the losses 
as the difference between the actual pay-off and what that pay-off would have been 
had the correct strategy been chosen. This criterion is again rather cautious. Suit 
less so than the maximum. 
 
Results: 
 
Outputs for the two production schemes and four financing options are shown in 
Figure I. Table 2 shows the payoff matrix for the application of decision criteria 
without mathematical probabilities: the MAXIMAX criterion, the MAXIMIN criterion 
and the MINIMAX regret criterion. This matrix shows on the horizontal axis a set of 
possible states of nature S=1 to S=4, representing: 

S1: Continuous stochastic production, reduced in 50% by disease 
outbreak. 



S2: Continuous stochastic production reduced in 30% by disease 
outbreak. 
S3: Periodic stochastic production with 50% larval survival rate as a 
consequence of Sanitary procedures (dry-out). 
S4: Periodic stochastic production with 70% larval survival rate as a 

consequence of Sanitary procedures (dry-out). 

On the vertical axis it shows the production schemes with their financing source 
combinations and the body of the matrix represents the Net Present Values for the 
project for each case. 
 
Discussion: 
 
In aquaculture, experience may be insufficient for decision-makers to be willing to 
attach numerical (cardinal) probabilities to the possible outcomes or states of 
nature of a project. For example, when adapting a successful productive system to 
a different environment (economic, social or physical), results can be different than 
expected. Intensive systems are less sensitive to physical location, but still two 
projects with identical infrastructure but located in different places, could yield 
significantly different results. 
 
Examples of risk and uncertainty in aquacultural activities include: a) poor water 
management, b) improper handling of organisms c) use of poorly constituted feed 
rations and/or improper feeding d) improper harvest (Shang, 1990). All of the 
above are directly determined by the production system and can be corrected or 
improved with experience. But we should also consider sources of uncertainty 
uncontrollable by the farmer, such as the genetic characteristics of the brood-stock 
or fry, and the sanitary condition of the organisms. To determine in advance the 
probability of occurrence of a correlated effect to them is quite more difficult. 
 
In contrast to risky situations, when the person evaluating the project has some 
idea of the probabilities of the various outcomes, uncertainty situations refer to 
those cases when no numerical value for occurrence of the event is available 
(Pearce and Nash, 1981). Of course, it will always be possible for a decision-maker 
to convert an uncertainty context into a risky one. Just by assigning subjective 
probabilities based on guesses. However, as in our case of the shrimp hatchery 
project, it is more appropriate to approach the analysis from the standpoint of 
decision theory for uncertain scenarios. 
 
When comparing the economic performance of the hatchery for the two-production 
systems and four financing schemes (Figure 1), the best choice for investment was 
the project with continuous production and 100% investment as equity. In this case, 
annual periodic production did not incorporate the increased survival rates resulting 
from dry-out procedures. This result was to be expected since the total annual 
productive time for these continuous systems is 90 days longer than for the 
periodic scheme of production. On the other hand, with 100% of the investment in 
equity, annual incomes are not adjusted by loan commitments; and this is reflected 
by the much better economic indicators of the project. In practice, both production 
procedures represent a trade off between production time and disease risk. 
Periodic production systems aim to achieve higher survival rates as a consequence 
of the sanitary procedure, thus compensating for the time lost by dry-out. 
 
Previous to the application or decision theory in the analysis, the bio-economic 
model assessed sensitivity of the activity to different biological and market 
variables. Sensitivity analysis is used to test what happens to the economic 



feasibility of the project if events differ from guesses made earlier. Sensitivity 
analysis also recalculates the economic feasibility of the project using the new 
estimates, and in such way it serves to assess the uncertainty of a project 
(Bjomdail, 1990). However, sensitivity analysis does not incorporate a very 
important element: the personal preferences or risk-aversion of the investor. 
 
Financial analysis usually refers to the economic feasibility evaluation made by 
private sector (Shang, 1990), and in financial appraisals the only uncertainty that is 
relevant is uncertainty about the financial costs and returns of a project (Pearce 
and Nash, 1981). For the case of the hatchery project, the financial appraisal also 
incorporates the premium for sanitary procedures, and its assessment in terms of 
costs and returns. These states of nature were assessed on the basis of an 
uncertain scenario by means of the MINIMAX, MAXIMAX and MAXIMIN criteria, 
and incorporating in the analysis the fact that, whichever rule is selected, is very 
much dependent upon the outlook of the decision-maker. If these were the case of 
a social project, this outlook should take cognizance as far as possible of the 
societal views. 
 
Results of the application of decision theory demonstrate that in practice the choice 
can be strongly guided by the risk preferences of the investor. A continuous 
production system is the choice of risk-neutral investors, while risk-aversive or risk-
seeker investors would tend to select periodic systems. This means that the cost 
for being wrong is large for the risk-neutral, so he prefers diminishing marginal 
utility rather than pay a higher risk like the very optimistic investor who follows the 
MAXIMAX criterion. The negative outcome is very small for the risk-seeker investor 
and so he decides more optimistic rules. Interesting in the analysis is the result for 
the very cautious decision-maker, who will take a periodic system as well, following 
the MAXIMAX criterion. The avoidance of diseases is enough incentive for paying 
the risk of producing less time along the year. 
 
By deciding which one of these criteria should be chosen when assessing the 
feasibility of aquacultural projects, the government defines the way the activity is 
promoted. For example, the use of the MINIMAX regret criterion could be 
detrimental to the long-run growth prospects of the activity if applied consistently, 
but could also avoid the worst disasters, protecting the activity as a whole. This 
criterion is particularly relevant if the investments in question impose costs on 
future generations (Schmid, 1989). On the other hand, consistent application of the 
MAXIMIN criterion would lead to under-investment and the inhibition of economic 
growth. 
 
Trying to limit the expected consequences of management actions or development 
plans, the precautionary approach in aquaculture is necessary, as uncertainty in 
the activity is prevalent. In fisheries this approach is strongly recommended 
(Huppert, 1995: Rosenberg et al., 1995), but we consider it also applies to 
aquaculture projects. In order to develop Aquaculture control policies, biological, 
technical and economical reference points need to be fixed. In particular, to 
promote the growth of the aquaculture in Mexico and maintain it as a sustainable 
activity, the precautionary approach should: 

a) Provide decision-makers with an analysis of the expected 

consequences of different management actions, 
b) Provide them with analyses of the sensitivity of these consequences 

to various assumptions and input data, 
c) Collect data to support these analyses, 



d) Advise decision-makers on what data should be collected in the 

future to improve the understanding of the system. 

Widespread alarm over diseases, over environmental impacts of aquaculture, and 
over the negative interaction between agriculture and aquaculture (i.e. pesticides), 
justify the implementation of a Precautionary approach to the analysis of this 
activity. For example, several regions in the Pacific Coast of Mexico have 
tremendous potential for the development of aquaculture. But there is a conflict 
among this productive activity, agriculture and the preservation of natural resources 
(mangroves, marshes and wetlands). Protecting the aquaculture sector in Mexico 
requires the avoidance of culture techniques that may jeopardize its long-term 
viability. A proper assessment of projects including risk and uncertainty is 
desirable, being a precautionary approach for the promotion of investment. 
 
Finally, the precautionary approach in aquaculture, closely associated with the 
concept of sustainable development, involves using caution in all aspects of the 
activity: in applied research, in management and in development. From an 
economic point of view, the following controls must be implemented when 
assessing a project: 

To demand the inclusion of risk and uncertainty in aquacultural 

projects analysis 
 To include sensitivity analysis 
  To assess different decision-making procedures 
 To improve impact assessment and evaluation of measures 
  To account for uncertainty 
  To set "safety levels” for economic and biological variables 
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Table 1 
 
Main biological parameters included in the bioeconomic model CAMARON. 

VARIABLE VALUE 

Survival rate(Nl-P15) 35% 

Stocking density (spawners) 5/m2 

Rare male: female spawners 1:1 

Mating success 3 % female / day 

Commercial price PL5 6.50 US$ 

Cost spawner 15.00 US$ 

Mean transit time from Nl-Zl 6 days 

Mean transit time from Zl-PL1 4 days 

Spawning rate 100,000 eggs / female / spawn 

 

 



Table 2 
 
Payoff matrix: application of decision criteria without mathematical probabilities. 

MAXIMIN 
Decision 

S1 S2 S3 S4 Minimum 
Payoff 
(NPV) 

Choice 

Dl (C, 75% BL) (-) 253   (-)  

D2(P, 75% BL)   1057 3899 1057  
D3 (C, Baseline) (-) 701   (-)  
D4 (P. Baseline)   1394 3501 1394  
D5 (C. 100% BL} (-) (-)   (-)  
D6 (P, 100% BL)   680 3280 680  
D7 (C. 100% EQ) 75 1225   75  
D8 (P, 100% EQ)   1978 4460 1978 ********** 

MINIMAX     Maximum  

     Regret Choice 

Dl 2902 2124   2902  
D2   1498 4340 4340  
D3 2756 1676   2756  
D4   1835 3942 3942  
D5 3526 2682   3526  
D6   1121 3721 3721  
D7 3302 1152   2302 ********** 

D8   2419 4900 4900  

MAXIMAX     Maximum  

     NPV Choice 

Dl (-) 253   253  
D2   1057 3899 3899  
D3 (-) 701   701  
D4   1394 3501 3501  
D5 (-1 (-)   (-)  
D6   680 3280 3280  
D7 75 1225   1225  
D8   1978 4460 4460 ********** 

PV in thousand US dollars. C: continuous production system. P: periodic 
production system, EQ: equities, BL: bank loan. (-) Negative NPV. 



 

 

 

 

 

 

 

 

 

A: Continuous production (50 Equities - 50 Bank Loan) 
B: Periodic production (50 EQ – 50 BL) 
C: Continuous (75 BL - 25 EQ) 
D: Periodic (75 BL - 25 EQ) 
E: Continuous (100 BL) 
F: Periodic (100 BL) 
G: Continuous (100 EQ) 

H: 
Fig 1. Net Present Value for the hatchery project in 4 financing scenarios and 2 
production schemes. 
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