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Introduction
The agroforestry systems (AFSs) can be defined as the deliberate association of woody species with
agricultural crops or with animals in the same land, in a simultaneous way or in temporary sequence
(Catie, 1986).

Since the eighties, AFSs started to receive larger attention from the the scientific community, as they
were considered as good land use alternatives to slash and burn agriculture and extensive cattle
ranching 1n tropical areas. The importance of AFSs grew in the same proportion as the awareness of
current environmental and social problems resulting from the adoption of the traditional land use
models, especially on the remaining native forests.

The complexity of AFSs, due to their characteristics of policultivo and plurianualidade of
production cycle makes it difficult to evaluate their profitability, especially in identifying the
individual behavior of the species that compose them. On the other hand, the most common
profitability analyses procedures consider the maximizagio of income as the only approach in the
producers decision making process. However, it is known that these farmers, especiaily the small
ones, are averse to the most risky alternatives. The models that take into account the risk factor,
offering answers in terms of probability of success and failure of a certain enterprise, certainly
result in more complete and reliable information to the entrepreneurs. Walker et al. (1994, p.38)
stress the fact that " while the theoretical literqature recognizes the adoption of AFSs as an
investment decision, the risk aspects and uncertainties that affect the proprietor's behavior, have
been given less consideration".

This work establishes a methodology for evaluation of the profitability and risks of agroforestry
systems and of each one of its crop components.

Methodology

The methodology consists basically of the combination of the Monte Carlo technique, commonly
used for evaluation of risks in investments, with a method of pro rata of the common costs among
the crop components, facilitating the analysis of the system as a whole and isolated analysis of each
one of these components. The bioclimaticos or economic risks are related to the occurrence of pests,
diseases, excess or humidity shortage and problems of market of input and products, among other,
that influence in the economic or financial results of an agricultural investment. The approach can
be public or private, according to the appropriation of values of the components of benefits and
costs.
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The Monte Carlo technique, proposed by Hertz, in 1964, is a relatively simple and efficient process,
of easy analysis of risk of investments through simulation, based on the fact that the relative
frequency of occurrence of a certain event, in this case the variables approach the mathematical
probability of occurrence of the same phenomenon, when the experience is repeated a great number
of times (Biserra, 1991). The technique consists of the following stages:

a) Initially the variables of larger weight in the determination of the costs and revenues are
identified. These variables, denominated as more rellevant are considered as probabilistic and the
others as determinant (of constant value), what facilitates the processing in the analyses, due to the
big numbers of variables that usually compose a cash flow. Noronha (1987) recommends the use of
sensibility analysis in this determination.

b) In the case of the important variables a distribution of probability is attributed, using the "
Portraid Method ", of the Attempt and Mistake and the " Judgemental Fractile "". The most common
and important of the distribution of probability types are: normal, trapeziodal, discreet, triangular,
beta and rectangular step. In research works the subjective estimates of probability established with
base in the technicians' experience, farmers and other tomadores of decision, has been the most used
procedure for determination of the intervals of values of the variables and its respective occurrence
probabilities, with aid of historical series of prices of input and products and physical revenue of
cultivations. Pouliquen (1970) affirms to be convenient the use of the distribution of the triangular
type, when there is not enough knowledge on the variables. In that distribution it is necessary to
define the medium or modal levels, minimum and maximum waited for the variable.

c) In the next step, the calculation of the profitability indicators is proceeded, with aid of a
computer. In Brazil there is a software called “ALEAXPRJ ", that was developed to execute those
simulations, and that can be used for analyses of economic or financial approach. The simulations
should be made with at least 200 repetitions, to obtain enough dispersion of values for estimation of
the distributions of probability of the indicators (Azevedo Filho, 1988).

In the analysis of AFS as a whole, the benefits and the costs of all the crops are considered. As
profitability indicators can be used the net present value (NVP), the internal rate of return (IRR), the
relationship benefits cost, the time of capital recovery, among others.

Since it is a consortium of cultivations, that is to say, several exploration lines that are used on the
same cultivated area, there are common costs to all or some crops and specific costs of each one of
them. For the individual analyses those common costs need to be divided among the respective
crops, what can be done proportionally at its specific cost, gross revenue, area efectively used for the
system (Hoffmann et al., 1987 and Noronha, 1987). After the pro rata of the common costs and its
aggregation at the respective specific costs, the referring profitability indicators are calculated for
each culture, using the Monte Carlo techinique. In these individual analyses, the same indicators of
the system can be used and also indicators such as the unitary cost of production.

Results

For evaluation of the consistency of the methodology, the results obtained by Santos (1996) were
considered in the analysis of a model of AFS adopted for producing cocoa in the area of
Transamazon Highway, in the State of Para, Brazil (Table 01). The AFS is composed of rice,
banana, cocoa and forest species. The analysis was made considering a 25 year temporary horizon,
8% as discount rate, pro rata of costs for the gross revenue and a total of 350 simulations. As the
demonstration is just to verify the consistency, the crops and indicators are presented partially.
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Table 1. Profitability Indicators, in risk conditions, of AFS. Para, Brazil. 1996.

AFS Rice Cocoa
Indicators IRR | NPV [IRR ] NPV |IRR | NPV
Mean 10.10  4,664.88 6.90 - 9.40 3.091,96
10,332.98
Limit (L)' 8.00 0.00 8.00 0.00 8.00 0.00
P(I< L)2 22.90 22.60 82.30 82.30 33.70 33.40
N.S.? 0 0 0 0 0 0

"Minimum limit previously established for the indicative I; ° probability of the value of the indicator to be
smaller or equal to the limit L (%); * Number of times that was not possible to obtain the indicator in the
simulations.

NOTE: Mean/IRR value in %; Mean/NPV value in U$ (U$ = local currency, R$0,955, october 1995).

Discussions and conclusions

For AFS and for cocoa the profitability indicators IRR and NPV came with medium value above the
minimum established as acceptable, what indicates that the total revenues weere superior at the total
costs and, consequently, had positive profitability. The probabilities of its indicators be placed
below the established minimum were all smaller than 40%, indicating relatively low risk of
occurrence. AFS and the monocultureculture of cocoa presented positive profitability and low
financial risk (banana and forest essences presented similar results).

The rice crop presented medium values of the profitability indicators below the minimum limits
established and high probability, above 50%, of being below of these limits. The culture was shown
unviable and of high financial risk inside of AFS, contributing to reduction of its profitability
performance.

The different profitability and risk indicators presented similar results for AFS and for the
component crops, especially in regard to the occurrence probability (P), which has the same unit of
measure (%) for different indicators. This confirms the consistency of the results obtained in the
evaluation of the AFS model, with the use of the proposed methodology.
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