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Abstract

BEAM 5 (Bio-Economic Analytical Model No. 5) is a multispecies, multi-fleet dynamic software implementation of a bio-economic stochastic simulation model. It is the fifth in a series of bio-economic models produced by FAO aiming at assisting fisheries researchers and managers to generate improved advice for fisheries management and policy-making. The key new features of BEAM 5 as compared to BEAM 4 are as follows: (1) Non-equilibrium dynamic biological model (2) Optional stock-recruitment relationship (3) Optional stochastic variability of selected biological parameters (4) Dynamic economic model based on the concepts applied in project analysis (5) Inclusion of fisheries management costs and analysis of the impact of fisheries management and fiscal measures on government budget (6) Optional modelling of a buy-back or decommissioning scheme with compensation payments for boat-owners and fishing crew  (7) Optional behavioural rules of fishing firms governing fishing effort and investment (8) Optional flexibility of ex-vessel prices in response to changes in fish supply (i.e. landings)

BEAM 5 uses the net present value to evaluate the desirability of alternative adjustment paths and management and fiscal measures. In the evaluation, a distinction is made between the financial performance of the fishing firms and the performance of the fishery from a point of view of the economy as a whole. The financial analysis estimates how well the fishing industry will be doing over a series of future years. It is based on estimates of the likely revenues and costs of the fishing firms. The economic analysis, on the other hand, includes certain costs that are usually not paid for by the fishing firms and are thus excluded from their financial calculus. These include fisheries management costs such as research, administration and surveillance and enforcement. Another important difference is that the economic analysis uses shadow prices of inputs whenever there is a discrepancy between the prices paid by fishing firms or the government and the economy wide opportunity costs of such inputs.  

Introduction

BEAM 5 is a multispecies, multi-fleet dynamic software implementation of a bio-economic stochastic simulation model. “BEAM 5” stands for “Bio-Economic Analytical Model No. 5”.  It is the fifth in a series of bio-economic models produced by FAO aiming at assisting fisheries researchers and managers to generate improved advice for fisheries management and policy-making (Cochet & Gilly, 1990, Coppola,   Garcia &  Willmann, 1992,  Sparre & Willmann, 1993). Apart from being implemented in Visual Basic with an EXCEL user interface, the key new features of BEAM 5 as compared to BEAM 4 are as follows:

· Non-equilibrium dynamic biological model

· Optional stock-recruitment relationship

· Optional stochastic variability of selected biological parameters

· Dynamic economic model based on the concepts applied in project analysis

· Inclusion of fisheries management costs and analysis of the impact of fisheries management and fiscal measures on government budget

· Optional modelling of a buy-back or decommissioning scheme with compensation payments for boat-owners and fishing crew 

· Optional behavioural rules of fishing firms governing fishing effort and investment

· Optional flexibility of ex-vessel prices in response to changes in fish supply (i.e. landings)

These new features allow the use of BEAM 5 in the analysis of the bio-economic and socio-economic effects of the transition process from a poorly managed fishery with excessive fleet sizes, depleted stocks and low or negative returns on investment to a well managed fishery where stocks are recovering and fleet sizes and fishing effort are being adjusted to desirable levels. The adjustment process would usually entail certain up-front transition costs for a buy-back or decommissioning scheme of redundant fishing vessels and compensation for displaced crew members. Such transition costs would often have to be financed by government whether or not they are subsequently recovered from the fishery participants through taxes, fishing licensing fees or other levies.
 Investments may also be needed to upgrade the fisheries management capacity at various levels: for improved research; monitoring, control and surveillance; and educational and organisational activities in the promotion of effective co-management arrangements between government and fishing communities and fishing industry. 

BEAM 5 uses the net present value (NPV), i.e. the sum of the discounted future stream of net benefits (i.e. benefits minus costs) to evaluate the desirability of alternative adjustment paths and management and fiscal measures. A discount rate (or factor) is applied to the benefits and costs that arise in the future to account for the fact that a Dollar earned (or spent) today is worth more than a Dollar earned (or spent) in a future year. In the evaluation, a distinction is made between the financial performance of the fishing firms and the performance of the fishery from a point of view of the economy as a whole. The financial analysis estimates how well the fishing industry will be doing over a series of future years. It is based on estimates of the likely revenues and costs of the fishing firms. The economic analysis, on the other hand, includes certain costs that are usually not paid for by the fishing firms and are thus excluded from their financial calculus. These include fisheries management costs such as research, administration and surveillance and enforcement.
 Another important difference is that the economic analysis uses shadow prices of inputs whenever there is a discrepancy between the prices paid by fishing firms or the government and the economy wide opportunity costs of such inputs. Furthermore, pure transfer payments from one ‘pocket’, i.e. the fishing industry, into another ‘pocket’, i.e. the government treasury, such as taxes and subsidies, are excluded from the economic analysis.

BEAM 5 also allows to analyse the impact of the adjustment or transition process on the government budget. The fishing industry contributes to the government budget through the payment of taxes (e.g. on fuel), duties (e.g. on imported equipment) and fishing licence fees. On the other hand, government incurs various expenditures in support of the fishing industry including fisheries management costs, subsidies and eventual payments under a buy-back programme for vessel decommissioning and compensation of displaced crew.

BEAM assumes a one-to-one functional relationship between Effort and fishing mortality, which in its simplest form reads: “Fishing Mortality = Q * Effort”. This is one of the essential links between the biological production function (based on the traditional Thompson and Bell prediction model) and the economic model. In the latter, changes in effort result in changes in operating costs. Where changes in fishing effort cannot be accommodated within a certain fishing capacity limit (expressed as the product of the maximum number of effort units per vessel multiplied by the number of vessels), the number of fishing vessels will change and with it fixed harvesting cost.  Two other links between the biological and economic model are also indirectly related to effort. Firstly, fish handling costs increase or decrease with the amount of fish landings. Secondly, where prices are responsive to supply, these will increase or decrease with the amount of landings. 

The Biological Frame of BEAM 5

The biological model behind BEAM 5, is the traditional model by Thompson and Bell (1934), which has been discussed in many textbooks on dynamics of fish stocks (e.g. Ricker, 1975, Beverton & Holt, 1957, and with emphasis on tropical fisheries: Sparre & Venema, 1992). The major part of the biological model behind BEAM 5 is the traditional model, or generalizations of the traditional model. BEAM 5 extends the traditional models with a spatial model, accounting for, e.g. migration using the approach of Quinn et al, 1990). All these models originally were thought of as “fish stock assessment model”, where parameters were estimated by (e.g.) VPA  or “Cohort analysis” (Virtual Population Analysis, Derzhavin, 1922, Fry, 1949). A resent summary of the contemporary practice of VTA is given in Lassen & Medley, 2001.

BEAM 5 in its present form, focus on the fisheries component of the exploited marine ecosystem. It is, however, imagined that BEAM 5 will be added to some general ecosystem model, such as the ECOPATH suite of models (Christensen et al , 2000, Pauly et al, 2000) and multi-species VPA (Sparre 1991). BEAM 5 has certain areas which overlap with that type of ecosystem models, and a merging should be possible.  Application of fish stock assessment in tropical waters, however, is problematic (Mohan, 1997).  Somehow, the so-called “tuning of model” in BEAM 5 can replace the traditional fish stock assessment.

The concept of "stock" is rather complicated and there is no consensus among scientists on how to define it. A full discussion of the stock concept in the context of fisheries management is given in Begg et al. (1999 l. Therefore, a more operational concepts is required. For fisheries management purposes, the concept of “management unit” is often more useful than the traditional stock concept. A management unit is a resource for which it is possible to make predictions, or, in other words, something for which we can give answers to “What-if questions”. In a tropical country, more than 500 species of fish, cephalopods and shrimps may be included in the list of sampled species of commercial interest. Each of the species could consist of a number of “stocks”. Thus in practice, a sampling programme is often not able to apply the stock concept rigorously.  

The separation of species into stocks is often very problematic. Even for stocks in non-tropical waters with relatively few species, stock separation is often difficult. Tropical stocks may in theory be separated by the same methods as used in cold waters, such as comparison of meristic characters (for example, size and position of fins and other body parts), number of vertebrae, blood type, parasites, etc. However, these kinds of data collection may well exceed the capacity of the resources of a developing tropical country. Maturity data, spawning grounds and migration routes, however, are often within the reach of the budget, but not for all species of commercial interest.
According to the agreed international standards (FAO, 1995,1996,1997,1999, ICES, 1998, UN 1995), “reference points” are an important concept in implementing a precautionary approach to fishing. Reference points are closely related to the stock concept (Caddy & Mahon, 1995, Gislason, 1999). Therefore, fishing mortality rates, biomass, or other measures should be regarded as indicators of the status of the stock in relation to predefined reference point limits, that should be avoided, or targets, that should be aimed at, in order to achieve the management objective. 

The identification of reference points requires a time series of scientific data, often over many years. A key concept in some reference points is the Spawning Stock Biomass (SSB), which is defined as the number of individuals multiplied by the fraction of mature individuals for each age group, summed over all age groups. Another important concept is the “recruit”, which is a juvenile fish entering the exploited part of the stock.

With a few rare examples, the identification of the relationship between parent stock (SSB, spawning stock biomass) and subsequent recruitment (R) has remained elusive for marine fishes (Gilbert, 1997, Hilborn, 1997, Myers, 1997). The precautionary approach dictates that unless it is scientifically demonstrated that there is no relationship between the parent stock and subsequent recruitment, such a relationship should be assumed to exist, even if the data are ambiguous. Observations of stock and recruitment show large variation around any SSB/R curve, so scientists are not in a position to predict future recruitment with any accuracy. They are only able to tell the probability distribution of the future recruitment, and only then, if a long time series of SSB/R observations is available. 

For tropical fish stocks it is often not possible to apply the methodology of reference points, for the simple reason that information is not available on stock and recruitment, as well as fishing mortalities and other population parameters. The typical information needed for the calculation of reference points are long time series of recruitment estimates. This type of data is usually available for stocks in temperate waters, where the number of species is much less than in tropical waters, and where the definition of stocks is simpler (although still problematic in many cases). 

If a data collection programme is to implement international standards for responsible fishing, it has to choose reference points that can be calculated by aid of the data currently available. The basic data collected is first of all catch rates (kg/day by fleet, season, fishing grounds and species group), also called CPUE (Catch Per Unit of Effort). Thus, possible candidates for reference points must be derived from, for example, catch rates. BEAM 5 is thought of as a tool in the case where long time series of data are not available, and when the definition of stocks in problematic (or impossible).

It is usually not possible to collect data for fish stock assessment from all species (stocks) of commercial interest in the waters of a tropical country, due to limited personnel and funds. A limited number of species has to be selected as representatives for the entire living resources. The selection of representative species must account for both the ecological and economic importance of the species, that is, large stock size (potential yield) and high price per kg should be the criteria for biological sampling. 

The Technical Frame of BEAM 5

The technical units of BEAM 5 are the “fleets”. As for the stocks, the definition of fleet is problematic (e.g. Sparre, 2001). A formal definition is: A “fleet” is a group of uniform vessels, which have approximately the same size and the same construction. The vessels should use the same type of gear and fishing techniques and most often, they share fishing grounds.

The definition is problematic because the operations of a vessel may change during the year. A vessel may, for example, undertake pair trawling targeting fin fish species during one season and bottom trawling for shrimp during another season. Some vessels use a combination of gears during a fishing trip which may complicate the allocation of a vessel to a particular fleet.  

Fleets may be defined by a combination of gear, engine horsepower (size of vessel), type of construction and fishing grounds. Horsepower, tonnage and length of vessel are usually correlated within a group of vessels of the same basic construction type. One practical problem is that BEAM 5 must adequately cover every major fleet. An example of pragmatic fleet definition is given in Holland & Sutinen (1999).
When the fleets have been defined, we assume (as an approximation to reality) that all vessels in a fleet are exactly equal and behave in exactly the same way.  All members of a fleet are assumed to have the same “fishing power”. Two fishing vessels are said to have the same “fishing power” if they can catch the same amounts and types of fish under similar conditions. One may simplify the concepts of fishing power by making it species-specific. In practice, this ideal definition can rarely be shown to hold. Instead, if the two trawlers catch the same amount of “demersal fish” during a fishing operation on average, they have the same fishing power, and if one vessel catches X % more on average than the other vessel, it has X % more fishing power.

A concept closely linked to fishing power is that of a “standard vessel”. It is often desirable to express the fishing power relative to some selected vessel type. Usually the most common vessel type is selected as “standard vessel”. That may for example be the trawlers of length 15 m with an engine of 60 HP and perhaps some more specific characteristics. Other types of vessels are then expressed in units of standard vessels. If a vessel has 80% of the fishing power of a standard vessel, it counts as a “0.8” standard vessel. 

The Spatial Frame of BEAM 5

BEAM offers the opportunity to account for spatial aspects, in the sense that fish and fleets can be allocated to a number of areas in a given time period. BEAM uses a simple “box-model” to handle spatial aspects. However, the inclusion of spatial aspects is optional, and the user may choose to consider the sea one homogenous area. If several areas are considered, this will require a number of additional input parameter, for example “migration coefficients”, the concept of which will be explained below.

The selection of areas or “fishing grounds” is most often constrained by the data. If logbooks are not maintained, precise information on where catches were taken is often absent.  Often the practical circumstances dictates that a only few areas are considered, sometimes all fishing areas has to be merged into one single area. A first natural division of the fishing area would be to use depths for the definition of areas. That may lead to areas like “in-shore”, (say from 0-20 m depth) and “of-shore” (say, > 20 m depth). Such a division will match both the distribution of vessels (mainly small vessels in the in-shore area, and large vessels in the off-shore area) as well as the distribution of stocks, and size groups with in a stock. Some areas may also be defined as “nursery areas”, that is, areas where juvenile fish are known to be abundant. Such areas may be closed for fishing to protect the juvenile fish and to avoid discarding (see example in Pastoors et al, 2000). Other criteria may be used, which depends on the size and nature of the marine area under study.  For example, it will be natural to separate coral reefs from other areas. Sandy, muddy and rocky bottom combined with depth may also form the basis for area definition. In large areas, current and temperature may give natural definitions of areas. An example of pragmatic area definition is given in Holland & Sutinen (1999).
BEAM 5 however, is not suited for handling of a large number of areas. It is not anticipated that BEAM 5 applications will use more than, say, 20 divisions of the total area. BEAM 5 is not constructed to deal with a division of the area in small squares (say, 30 by 30 nm, or smaller). 
For a theoretical discussion of migration in con​nection with age based fish stock assessment the reader is referred to Quinn II et al. 1990. These authors also discuss the estimation of migration parameters. In principle their model is the approach applied in BEAM 5. Chapter 11 in Sparre & Venema, 1992 discusses the assess​ment of migratory stocks at a somewhat lower mathematical level and does not deal with the estimation of migration parameters. 

The Economic Frame of BEAM 5
The economic part of BEAM 5 uses the concepts developed for project analysis to evaluate the financial and economic performance of the fishery during the project horizon (i.e. simulation life span) given different fisheries management measures, government financial transfers, and assumptions about the investment and operational behaviour of fishing firms. The financial performance is assessed from the point of view of both the fishing firms and the government treasury.

The project horizon is defined as the time span from the initial base year, until the ‘end’ of the project. The number of project years is determined by the user of  BEAM 5. In the choice of project years, the user  would be guided by various factors and assumptions including the time when management measures are taken and the number of years they take to produce the expected biological and economic results, the chosen value of the discount rate, the lifetime of fishing vessels and other factors as appropriate. A short project horizon of say 5 years may fail to reveal the full benefits of taking management measures such as a reduction of fishing capacity and effort because the population dynamics of the fish stocks have not yet yielded their full recovery to the desirable level. A long project horizon of say 20 years would show very little discernible difference in results to a project horizon of 15 years whenever the discount rate is 15% or higher.       

The evaluation of the financial performance is undertaken from the point of view of both the fishing firms and the government while the economic performance is assessed from the standpoint of the economy as a whole. The principal differences between the two financial analyses and the economic analysis are as follows:

1) The economic analysis includes certain costs that are usually not paid for by the fishing firms and are thus excluded from their financial calculus. These include fisheries management costs such as research, administration and surveillance and enforcement. These costs lead to a cash outflow from the government budget or treasury. This cash outflow, however, might not be equal to their true costs to society to be accounted for in the economic analysis as is further explained below.  

2) The economic analysis uses shadow prices of inputs whenever there is a discrepancy between the prices paid by fishing firms or the government and the economy wide opportunity costs of such inputs. For example, where fuel prices are subsidised, thus lowering fuel expenditures incurred by fishing firms, the economic analysis will be based on fuel prices net of such subsidies.

3) The financial performance of fishing firms will be affected by the way investments into fishing craft and gear have been financed, i.e. own savings or loans, and by the capital servicing terms of any loans taken in the past or in future years.

4) The financial performance of the government treasury depends on the cash inflows from the fishery through taxes, licensing fees, fines etc. and cash outflows for fisheries management expenditures, subsidies, etc. during the project horizon. 

5) The economic analysis applies opportunity costs of capital to reflect the real social cost of using capital in fisheries rather than elsewhere in the economy. The opportunity cost concept is only applied to new investments. Past investments are sunk costs to the extent that they have no alternative economic use outside of fisheries.

6) In the financial analyses, labour costs are based on observed payments made to the fishing crew or government employees. 

7) In the economic analysis, opportunity cost of labour is applied to reflect the real social cost of employing people in fishing or government rather than elsewhere in the economy.

8) In the financial analysis, payments made to fishing firms to decommission excess fishing capacity increase their net cash flows. Some firms may exit the fishery altogether and may invest decommissioning payments into other economic activities. If so, these firms would not be further considered in the simulation model of the fishery.  
9) Decommissioning payments (i.e. compensations to fishing firms and to displaced fishing crews) are considered as transfer payments, i.e. a cash outflow from the government treasury. These payments are not considered a cost in the economic analysis.  

No adjustments are made to fish prices observed in the market which are assumed to accurately reflect social values. However, a simple function has been included to model changes in fish prices as a result of changes in fish landings.

Behavioural Rules 

A crucial component of BEAM 5 are rules (or algorithms) that attempt to model the behaviour of fishing firms. As all vessels in a fleet are assumed to be the same (i.e. the fleet is perfectly represented by the average vessel), these rules are fleet and not vessel specific. There is one exception, however, to the extent that the fleet is structured by vessel age classes. The age takes importance for some of the rules that deal with vessel decommissioning (buy-back) and with vessel attrition (retirement due to old age, i.e. wear and tear and technological obsolescence). 

The rules have been introduced into BEAM 5 for several reasons. First, being a dynamic model, there is a need to allow additions and reductions in the number of vessels over the simulation period arising from investments into new vessels, attrition of old vessels, bankruptcy, and vessel decommissioning. Second, to achieve a certain realism, there is a need to model the response of skippers and vessel owners to changes in profitability. This is especially important when simulating a vessel buy-back scheme because the higher returns that the decommissioning payments, a smaller fleet and a restored stock produce create a powerful incentive for re-investments. The individual rules are briefly described below:

Fishing effort rule

The overall rule is that fleets use the full capacity defined as the maximum number of fishing effort units (e.g. fishing days or sea days) that a fleet can exert in a time period. The specific rule is that the fleet changes its level of fishing activity (fishing effort units per time period) when operating costs, i.e. the sum of financial operating costs for handling and harvesting and crew remuneration are higher than gross revenues for a suite of time periods. The number of time periods and the effort reduction factor (i.e. ratio of maximum effort) are input parameters.

Investment rule

This rule has been included to simulate additions of new fishing vessels due to the good financial performance of the current fleet. The rule states that if  for one or more years, the financial net cash flow is above a specified value, fishing firms will invest in additional harvesting capacity. The user of BEAM 5 can specify the threshold level of cash flow and the number of years this threshold needs to be reached for investors to add a certain number of boats to the fleet. This number is calculated as fraction of the existing number of boats. The fraction is an input parameter. 

Dis-investment rule

This rule allows for simulating withdrawal of vessels due to their bad financial performance and bankruptcy. If for one or more years, the financial net cash flow of the fleet (disregarding decommissioning cash inflows) is zero or negative, some fishing firms are assumed to withdraw boats from the fleet to avoid future losses.

Attrition rule

The attrition rule serves the sole purpose to simulate the wear and tear of vessels over the simulation horizon. It simply allows for a fraction (rounded to integer) of the current number of vessels in a fleet to be retired each year when having reached the end of the vessels’ techno-economic lifetime.


Decommission (Rule)

The total number of vessels that are being decommissioned is not determined by a “behaviour rule”. This is a decision by government or the fishery management authority (and subject to the assumed acceptance of the adequacy by vessel owners of the compensation/decommissioning payment) and thus given as an input to BEAM 5. The number of decommissioned vessels may be given as input for each vessel age group or it may be expressed as a fraction of current fleet size. In the latter case a rule is needed to select the vessels, more precisely the vessel age group. The rule simply states that first the oldest vessel age group is decommissioned followed by, if needed, vessels from younger age groups (up to a user-determined minimum age group).

Stochastic Simulation

If knowledge on the probability distribution of input parameters is available or can be assigned plausible values, BEAM 5 can provide probability distributions of the output (based on the assumption that the BEAM 5 model reflects the reality, (which, needless to say, is questionable).

 “Stochastic” means that selected parameters are drawn from a random number generator. For example, the growth parameter, K, is assumed to be normally distributed, with a relative standard deviation (=(Standard deviation)/(Mean value)), given as input to BEAM 5. The mean value is also given as input to BEAM 5.   

BEAM5 is capable of drawing random numbers with two types of probability distribution, namely: Normally distributed or Log normally distributed

A selection of input parameters of BEAM 5 have been made stochastic variable by multiplication with a “stochastic factor” with mean value 1.0 and a standard deviation, which is an input parameter to BEAM 5. The growth parameter K, for example, is made stochastic by replacing K   with: K * (K(St,y) That means a new value of K * (K(St,y) is drawn by the random number generator, for each stock every year. K is assumed to be normally distributed.
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� There is a strong argument in favour of recuperating from fishery participants transition costs such as vessel decommissioning payments in order to avoid the principal threat of such buy-back programmes, namely that the compensatory funds received by vessel owners are used to re-invest into new and more powerful vessels or to modernize existing vessels (Holland, D., E. Gudmundsson and J. Gates. 1999)


� It can be argued that where industry benefits from fisheries management, management costs should be recovered from fishery participants (Arnason, R., R. Hannesson and W.E. Schrank. 2000).


� The user of BEAM 5 is directed to the specialised literature for detailed explanations of the terms and concepts applied in project analysis. A well-written and quite accessible text even for non-economists is provided by   Gittinger (1984). Other standard literature includes  Little &  Mirrlees (1974),   Squire &  Tak (1975)  and Dasgupta et al (1972).
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