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Annex 6 – Model description for the GSA9 
model 
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The model used for projections follows a bio-economic simulation approach, where the biological 

module simulates the stock dynamics producing the levels of catches and landings by stock and 
fleet segment while the economic module simulates prices and costs dynamics. 

 

Biological module 

The population dynamics of the stock at age a is given by the following equation: 

𝑁𝑎+1,𝑡+1 = 𝑁𝑎,𝑡 ∗ exp⁡(−𝐹𝑎,𝑡 −𝑀𝑎,𝑡),       (1) 

where N is the number of individuals, F and M the fishing and natural mortality respectively. 

For the first age, recruitment is estimated by a geometric mean of the values registered in the last 
three years. 

Catch at age in numbers follows the standard Baranov equation: 

𝐶𝑎,𝑡 =
𝐹𝑎,𝑡

𝐹𝑎,𝑡+𝑀𝑎,𝑡
𝑁𝑎,𝑡 ∗ (1 − exp(−𝐹𝑎,𝑡 −𝑀𝑎,𝑡)),      (2) 

while total yield in weight is calculated as 

𝑌𝑡 = ∑𝑊𝑎,𝑡 ∗ 𝐶𝑎,𝑡 .         (3) 

Fishing mortality at age is given by the sum of the partial fishing mortality at age by fleet 
segment. Eq.3 applied to the fishing mortality of each fleet segment allows to calculate the total 
catches by fleet segment. Discards and landings by fleet segment are also calculated assuming 
constant percentages of discards by age class. The fishing mortality by fleet segment is assumed 

to be a linear function of fishing effort and selectivity: 

𝐹𝑎,𝑡,𝑓 = 𝑞𝑓 ∗ 𝑆𝑎,𝑡,𝑓 ∗ 𝐸𝑡,𝑓.        (4) 

 

Economic module 

Landings by stock and fleet segment are inputs to the economic module.  

Prices by stock and fleet segment are estimated through the following flexibility equation, where  

is the flexibility coefficient estimated on the time series data: 

𝑝𝑡,𝑠,𝑓 = 𝑝𝑡−1,𝑠,𝑓 (
𝐿𝑡,𝑠,𝑓

𝐿𝑡−1,𝑠,𝑓
)
𝜀

.        (5) 

Revenues by stock and fleet segment is calculated by multiplying landings by price. The total 
revenues are estimated as a linear function of the revenues calculated on the stocks simulated by 

the model: 

𝑅𝑡,𝑓 = 𝑟𝑟𝑓 ∗ ∑ 𝑝𝑡,𝑠,𝑓 ∗ 𝐿𝑡,𝑠,𝑓𝑠 .        (6) 

Other income is estimated as a linear function of total revenues: 

𝑂𝐼𝑡,𝑓 = 𝑜𝑖𝑓 ∗ 𝑅𝑡,𝑓.         (7) 

Total income (TI) is the sum of total revenues (R) and other income (OI). 

Other inputs to the economic module are the number of vessels and the average days at sea, 

which are defined by the management scenario to be simulated. 

Gross tonnage and engine power are estimated as a linear function of the number of vessels as 
follows: 

𝐺𝑇𝑡,𝑓 = 𝑔𝑡𝑓 ∗ 𝑁𝑡,𝑓,         (8) 

𝑘𝑊𝑡,𝑓 = 𝑘𝑤𝑓 ∗ 𝑁𝑡,𝑓.         (9) 

The average days at sea are multiplied by the number of vessels to calculate the total number of 
days at sea (fishing effort in the model). 
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From a cost perspective, variable and fixed costs, labour and capital costs are included in the 
model. Variable costs are divided in energy costs and other variable costs; fixed costs are divided 

in repair cost and non-variable costs; capital costs are divided in depreciation and opportunity 
costs of capital. 

Energy costs (EC) are based on energy consumption (En), which is estimated as a linear function 

of fishing effort. Energy costs are calculated by multiplying energy consumption by the average 

fuel price (Fp): 

𝐸𝐶𝑡,𝑓 = 𝐸𝑛𝑡,𝑓 ∗ 𝐹𝑝𝑡,𝑓,         (10) 

𝐸𝑛𝑡,𝑓 = 𝑒𝑛𝑓 ∗ 𝐸𝑡,𝑓.         (11) 

Other variable costs (OVC) are estimated as a linear function of fishing effort: 

𝑂𝑉𝐶𝑡,𝑓 = 𝑜𝑣𝑐𝑓 ∗ 𝐸𝑡,𝑓.         (11) 

Both repair (RC) and non-variable costs (NVC) are estimated as linear functions of GT: 

𝑅𝐶𝑡,𝑓 = 𝑟𝑐𝑓 ∗ 𝐺𝑇𝑡,𝑓,         (12) 

𝑁𝑉𝐶𝑡,𝑓 = 𝑛𝑣𝑐𝑓 ∗ 𝐺𝑇𝑡,𝑓.         (13) 

Labour costs are calculated by considering two different remuneration types for fishing employees, 
the share contract and the fixed salary. Under the share contract, labour costs (LC) are calculated 

as a percentage of the difference between revenues (R) and variable costs (VC), where VC is the 
sum of energy costs and other variable costs: 

𝐿𝐶𝑡,𝑓 = 𝑐𝑠𝑓(𝑅𝑡,𝑓 − 𝑉𝐶𝑡,𝑓).        (14) 

Under the fixed salary, labour costs are calculated as a linear function of the number of employees 

(EM): 

𝐿𝐶𝑡,𝑓 = 𝑓𝑠𝑓 ∗ 𝐸𝑀𝑡,𝑓.         (15) 

The model allows the user to estimate labour costs by using a combination of the two 

remuneration types. 

The total number of employees by fleet segment is estimated as a linear function of the number of 
vessels: 

𝐸𝑀𝑡,𝑓 = 𝑒𝑚𝑓 ∗ 𝑁𝑡,𝑓.         (16) 

Regarding capital costs, both depreciation (D) and capital value (CV) are estimated as linear 
functions of GT. The opportunity costs (O) are calculated by multiplying capital value by the 

interest rates (r) deflated by the inflation rate (i): 

𝐷𝑡,𝑓 = 𝑑𝑓 ∗ 𝐺𝑇𝑡,𝑓,         (17) 

𝐶𝑉𝑡,𝑓 = 𝑐𝑣𝑓 ∗ 𝐺𝑇𝑡,𝑓,         (18) 

𝑂𝑡,𝑓 = ((1 + 𝑟𝑡) (1 + 𝑖𝑡)⁄ ) ∗ 𝐶𝑉𝑡,𝑓.       (19) 

The gross value added (GVA) is calculated as a difference between the total income and the sum 

of variable and fixed costs, which include energy costs, other variable costs, repair costs and non-
variable costs: 

𝐺𝑉𝐴𝑡,𝑓 = 𝑇𝐼𝑡,𝑓 − 𝐸𝐶𝑡,𝑓 − 𝑂𝑉𝐶𝑡,𝑓 − 𝑅𝐶𝑡,𝑓 − 𝑁𝑉𝐶𝑡,𝑓.     (20) 

The gross profit (GP) is calculated by the difference between the gross value added and the labour 
costs: 

𝐺𝑃𝑡,𝑓 = 𝐺𝑉𝐴𝑡,𝑓 − 𝐿𝐶𝑡,𝑓.         (21) 

The net profit (NP) is calculated as a difference between the gross profit and the sum of 
depreciation and opportunity costs: 

𝑁𝑃𝑡,𝑓 = 𝐺𝑃𝑡,𝑓 − 𝐷𝑡,𝑓 − 𝑂𝑡,𝑓.        (22) 
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