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Abstract

In order to explain the dynamic fleet expansion of the red bream (Pagellus Bogaraveo) demersal line fishery located in the Strait of Gibraltar, we formulate an adaptive expectation model. This relates the annual growth rate of the fleet to the expected profits by the fishermen, taking into account the opportunity costs.

Likewise, it is established another model in order to forecast the total fishing effort. The rainfall is included in the model as a proxy variable of the weather conditions.

These two models have a twofold objective: on the one hand, describe the evolution of the fishery and, on the other hand, to some extent, forecast its future evolution by means of the expected profitability.
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1. Introduction
Current literature on economy of the fishing sector, usually assumes that capital is perfectly malleable. This assumption means that entry and exit of capital are produced automatically in any fishery. As a consequence, if losses are generated, some vessels will abandon the fishery until the open access equilibrium is reached, whereas the number of vessels will rise steadily whenever there are profits. Fleet expansion will occur as long as fishermen expect future incomes higher than their total costs. This has led to analyse the expectation formation process. On the other hand, once the investment has been made, the profits might diminish and, as a result, investment could not be recovered. In this case, there would be two options: either abandon fishery or move to other fisheries.

In this paper a theoretical model is formulated to explain the individual behaviour of fishermen. Then we check the model against the empirical evidence of the analysed fishery. Finally, we discuss how results allow us to determine the most probable mechanism of expectation formation and the practical consequences to be considered  in the proposals for the fishery management.

2. Theoretical background
Assuming the fleet being composed of vessels with similar technical features, profit  function of the whole fleet can be expressed as follows:
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where N is the number of vessels in the fishery, p represents price, h(t) denotes the catch and C(E) is the total cost. If we are assuming an open access fishery, we have to formulate a model which describes entry and exit of vessels in the fishery. Therefore, the number of vessels in the fishery can be explained by means of the future fisherman profits. Consequently, the increase in the fleet size should be assumed proportional to the expected value of the fisherman profit
.

By denoting the discounted flow of the expected profits (present value) by "y", "y" can be defined as the infinitesimal sum (integral) of the discounted expected profits at different future moments, that is,

where s is the real interest rate and πe(z) denotes the expected fisherman profit at each moment z. Accordingly, we can assume that fleet size will rise when “y” is positive and it will decrease when “y” is negative. As a result, the fleet size dynamics can be explained by the following differencial equation
where ω1 _ω2 if the vessels enter the fishery very rapidly when a positive profit is expected and they would exit the fishery very slowly when a negative profit is expected. This will happen when capital is not too malleable. In contrast, ω1=ω2=ω if capital is completely malleable. The equation system composed of (2) and (3) describes a general expectation  model for an open access fishery. As discussed in detail below, two arguments have mainly been used for its formulation.

Schaefer (1954), Smith (1968, 1969), Fullebaum, Carlson and Bell (1970, 1972) and Berck (1979) assume that the current profit π(t) can be considered a rough estimate of the future expected profits for any vessel. Therefore, the equation (3) can be written as

where the entry and exit parameters, η1 and η2, are determined by the division of ω1 and ω2 by the real interest rate, s, in (2).

An adaptive expectation model can be obtained by assuming that fishermen only create their expectations regarding to the current expected profit. Consequently, fishermen do not take account of the discounted future expected profits (present value). The basis of this model is that the investment to purchase a vessel is small in relation to the expected or current income. For this reason, the investment might be recovered in the short term. Accordingly, the increase in the fleet size can be written
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and the assumption of adaptative expectations can be accepted as valid. Therefore,  the fishermen expectations change according to the evolution of current profit. At any moment t the expected profit change is proportional to the difference between real and expected profits until that moment, according to the following differential equation:
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where the adjusting parameter (1-λ) is assumed to be constant and can only take values in the interval (0,1]. This is the general condition for stability and non-negativity of (6). The above model is fomally equal to Cagan's (1956) and has been applied to explain the behaviour of farmers in relation to a new harvest. However, previous models are time-continuous. In order to estimate parameters, time-discrete models are necessary. The time-discrete model which is equivalent to the equation (5) can be written
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where ut is a random additive disturbance in both models. We assume ut is normally distributed, its mean is equal to 0, its variance is constant and it is not serially autocorrelated. Equation (6) that explains the expectation formation process can be approximated by the following time-discrete model
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This model shows that the difference between the expected profit at the moments t and t-1 (left side of the equation) is proportional to the error at the moment t, that is, the difference between the real value of the exogenous variable πt and the expected value by the fisherman πet-1. At the moment t the expectation can be also expressed as a weighed mean between the real value at the moment t and the expected value at the moment t-1
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This equation in finite differences can be rewritten including the backshift operator, L,
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or alternatively
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because it can be checked that
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By using the equation (11), an equation explaining the increase in the fleet size can be determined, but it does not contain the unobservable expected value. For instance, if we substitute the equation (11) for πet into the equation (7), we get
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By multiplying both sides of the equation (13) by (1-λL) we obtain
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From which we can obtain Nt, currently named autoregressive adaptative expectation model
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This model has first-order serial autocorrelation. In addition, it includes the lagged endogenous variable as a explanatory variable. When the model is estimated, some econometric problems arise, although they can be solved under some conditions.

A simpler alternative model considers that the fleet size at any moment can be defined as
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where u(t) denotes a random disturbance that represents the joint effect of all the variables that can have an influence on N(t) and have not been included in the model. The time-discrete model which is equivalent to (16) can be written as
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where ut is an additive  random disturbance. Either u(t) and ut are assumed to be normally distributed, their means are equal to 0, their variances are constant and they are not serially correlated.

By applying the assumption of adaptative expectation to the equation (17) we get the following equation
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and its autoregressive form is given by
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As in (15), equation (19) has first order serially correlated errors and includes the lagged endogenous variable as an explanatory variable.

From this point on, we intend to test the assumption of adaptative expectation formation in the red bream fishery located in Tarifa by means of models based on (15) and (19).

3. Available data
The first problem we must deal with is the available information itself. From 1982 to 1986, time series can be obtained from the Spanish Fishing Yearbooks ("Anuarios de Pesca Marítima”), but this source only provides vessels whose usual port was Tarifa on each 31st December. Accordingly, if a time series of the annual average fleet size is needed, we have to compute year-to-year averages. With this constraint, the evolution of Tarifa red bream fishing fleet with a capacity less than 20 GRT is shown in Table 1.

The fleet has grown very rapidly. From 1982 to 1987, the number of vessels doubled because a large number of vessels were bought from other coastal ports such as Huelva, Cádiz or Málaga. Growth of number of vessels was high until 1990. Afterwards, the growth decreased until the end of 1995. Since this year, a new fleet expansion happened. In particular, the 84 vessels that compose the fleet over the time span 1990-1993 increased to108 in 1999. Investment appears to be made by crew members of the vessels which initially were in the fishery. As a result of the large amount of profits, new vessels have been purchased.

Table 1. Evolution of Tarifa red bream fishing fleet with a capacity less than 20 GRT

	Year
	Fleet on 31st December
	Annual average fleet

	
	No. of vessels
	Capacity in GRT
	Power

in HP
	Crew members
	No. of vessels
	Capacity in GRT
	Power in HP
	Crew members

	1982
	33
	126
	1022
	106
	
	
	
	

	1983
	43
	200
	1827
	144
	38
	163
	1425
	125

	1984
	38
	172
	1696
	120
	41
	186
	1762
	132

	1985
	49
	244
	2564
	167
	44
	208
	2130
	144

	1986
	55
	279
	2866
	185
	52
	262
	2715
	176

	1987
	64
	387
	3924
	221
	60
	333
	3395
	203

	1988
	79
	488
	4937
	271
	72
	437
	4431
	246

	1989
	80
	503
	4980
	278
	80
	495
	4959
	275

	1990
	83
	520
	5167
	285
	82
	512
	5074
	282

	1991
	84
	533
	5236
	291
	84
	527
	5202
	288

	1992
	84
	536
	5303
	293
	84
	534
	5270
	292

	1993
	85
	521
	5187
	291
	85
	528
	5245
	292

	1994
	88
	545
	5545
	303
	87
	533
	5366
	297

	1995
	86
	527
	5480
	294
	87
	536
	5513
	299

	1996
	93
	542
	5732
	313
	90
	534
	5606
	304

	1997
	100
	569
	6069
	334
	97
	556
	5901
	324

	1998
	103
	582
	6229
	344
	102
	576
	6149
	339

	1999
	108
	600
	6416
	356
	106
	591
	6323
	350


Source: Spanish Fishing Yearbooks (1982-1986) and

the fleet census of the SGPM

Regarding information, a major problem is related to the availability of the individual profit function, composed of the total income and the total cost. The former can be directly obtained from the fish sales statistics in the first sales market over the time span 1983-1998. To calculate the latter, it would seem adequate at first sight to express it as the sum of the first sales market commission and the costs derived from the management of the fishermen guild, assuming that vessel profits are to be directly shared among the crew members. However, it has been shown that the effort costs must also include opportunity costs or salaries obtained from other activities different from fishing (Gordon, 1954). To represent these opportunity costs it has been considered the annual guaranteed minimum wage as a proxy variable. Therefore, total fishery profits could be computed as:
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where γ represents the sum of commissions y Cot denotes the opportunity costs per vessel and fishing day. If we divide the equation (20) by the number of fishing days per year (Et) the profits per fishing day are defined by the following equation:
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where the opportunity costs are equal to the multiplication of the average number of crew members per vessel by the annual guaranteed minimum wage. In the equation (21) γ denotes the sum of the first sale market commission and the costs derived from the management of the guild of fishermen, pt is the average price of the catch, ht is the average catch per fishing day, Et is the fishing effort per day and, finally, Cot are the opportunity costs per vessel and fishing days. Hence, the equation (21) allows to determine the profit per fishing day by means of the net sales per fishing day.

Table 2. Determination of the opportunity profits

	Year
	Income per day
	Guaranteed minimum wage per day
	Profit per day

 (pesetas)
	Profit per day

(pesetas) (1999=100)
	Variation rate of  diesel fuel price index

	1983
	76752
	1072
	69388
	103521
	191

	1984
	73987
	1158
	66513
	90465
	97

	1985
	83155
	1239
	74910
	99335
	26

	1986
	81364
	1338
	72767
	107212
	‑100

	1987
	101050
	1405
	91204
	145124
	‑74

	1988
	104424
	1468
	94152
	154735
	‑32

	1989
	133631
	1556
	121577
	196314
	18

	1990
	99932
	1667
	89178
	131927
	91

	1991
	127342
	1775
	114853
	157774
	77

	1992
	128290
	1876
	115354
	147680
	73

	1993
	124018
	1951
	111075
	131269
	83

	1994
	118355
	2019
	105505
	120195
	37

	1995
	106155
	2090
	93676
	103262
	33

	1996
	126263
	2164
	112611
	118124
	51

	1997
	129266
	2221
	115357
	116696
	37

	1998
	108838
	2268
	95821
	101198
	‑42

	1999
	143013
	2309
	128202
	128202
	56


Source: Own elaboration

Diesel fuel consumption could be also significant to the model (21). In order to estimate diesel fuel consumption, some assumptions are needed on engine efficiency and changes in the fishing gear carried out by Tarifa fleet over the analysed period. For this reason, we have added the variation rate of the diesel fuel price index as a proxy variable which is considered to represent the fuel diesel cost.

In Table 2 the evolution of the gross income per fishing day, the guaranteed minimum wage and the profit per fishing day in nominal terms (determined by the equation (21)) and the variation rate of the diesel fuel price index.

The opportunity profit determined by (21) has been deflated by the diesel fuel price index. We have not used the Consumer Price Index (CPI) because we are dealing with the supply. However, deflated and non-deflated profits will be determined because the variation rate of the diesel fuel price index can cause multicollinearity when it is added as a explanatory variable.

4. Results
The autoregressive models (15) and (19) might have some problems in the estimate process. First, there could be serial correlation in the residuals. Thus tests of serial correlation should be carried out. On the other hand, the models include endogeneous lagged variables as explanatory variables in the right side of the equations. The consequence of applying Ordinary Least Squares (OLS) to a relationship with stochastic disturbances is usually biased and inefficient estimation. However, if there is no serial correlation in the residuals, OLS can be applied to estimate a model which includes lagged endogenous variables providing that these variables are not correlated with the residuals and their coefficients are lower than 1 in absolute value
. In our case, we have started the analysis from the model (19) that can be rewritten as
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where α1 = _, α2 = (1-λ)β. Tinft denotes the variation rate of the diesel fuel price index. In order to include this variable in the model (19), we have to test its significance. We assume this variable to represent the fuel cost per fishing day, Ct. Accordingly, the following equation should be valid:
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as Tinft should be included in the profit function. The estimates of the different models are shown in Table 3.

Table 3. Dependent variable: Annual average number of vessels

Sample: 1983-1999

Non-transformed variables

	VARIABLES
	(Ia)
	(IIa)
	(IIIa)
	(IVa)
	(Va)
	(VIa)

	Profits (t)
	6.21E-5

(1.97E-5)
	5.18E-5

(1.38E-5)
	5.10E-5

(2.43E-5)
	3.43E-5

(2.54E-5)
	3.67E-5

(1.80E-5)
	4.16E-5

(2.5E-5)

	No. of vessels (t-1)
	0.948091

(0.03373)
	0.981119

(0.02472)
	0.980752

(0.027310)
	1.448451

(0.28818)
	1.186605

(0.21701)
	1.000303

(0.04649)

	Variation rate of diesel fuel price index (t)
	
	-0.397949

(0.09864)
	-0.399411

(0.108955)
	
	-0.414164

(0.11548)
	-0.42329

(0.1133)

	Profits (t-1)
	
	
	1.05E-5

(2.62E-5)
	
	
	

	No. of vessels (t-2)


	
	
	
	-0.479182

(0.27326)
	-0.191166

(0.209765)
	

	SSR
	1357786
	6029391
	6228584
	1069919
	4931990
	6308670

	Adjusted R²
	974550
	987829
	986817
	970446
	985138
	987265

	T
	16
	16
	16
	15
	15
	16

	DW
	960084
	1790776
	1779683
	1589286
	2481520
	1767801

	Breusch-Godfrey
	4.355206

(0.03690)
	0.014997

(0.90253)
	0.023167

(0.87902)
	1.486392

(0.22278)
	1.572106

(0.20990)
	0.035279

(0.85101)


Note: In brackets the estimated standard errors except in the last row in which p-values appear.

Regarding models with non-transformed variables, the DW statistic in model (Ia) is very close to one indicating the presence of serial correlation in the residuals at the 5% significance level. Nonetheless, this test is not reliable in models with lagged endogenous variables. Therefore we have studied the residual correlogram, which shows evidence for first order serial correlation. We sort out this problem by including in the model the variation rate of diesel fuel price index.

In order to check this statement, we have carried out the test of Breusch (1978)-Godfrey (1978). The results for all the estimated models are shown in the last row of Table 3, with the p-values in brackets. By adding the variation rate of the diesel fuel price index as a regressor in models (IIa) and (IVa), the serial autocorrelation disappears.

In both models the parameter estimates of the lagged endogenous variable is lower than 1. As a result, applying OLS would result in efficient and consistent estimation. It is to be remarked that results do not improve by adding the lagged profits or the endogenous variable lagged more periods, because these variables are not significant and the endogenous variable lagged once is higher than 1. These facts suggest that the aforementioned assumptions are not fulfilled. Hence, when the variables are not transformed in logarithms, the appropiate model is (IIa) which is based on the equation (19). The equation (19) comes from the application of the adaptative expectation assumptions on (16) by assuming that the fleet size depends on the expected current profits.

Model estimates based on (15) are shown in columns (IVa) and (Va). In model (IVa) an endogenous variable lagged twice is added as a explanatory variable and the variation rate of the diesel fuel price index is not included. In both models, parameters have the correct sign according to equation (15), but now the endogenous variable lagged twice is not significant in both models and the variation rate of the diesel fuel price index has no significance in (Va). In addition, Breusch-Godfrey test shows there is no evidence of serial autocorrelation.

Finally, in order to get definitely unbiased and consistent estimation, we have estimated model (IIa) applying instrumental variable estimation. "Lagged profits" is considered the instrumental variable for the lagged endogenous variable. The other exogenous variables remained in the model. Estimate is shown in the model (VIa). Now the parameter of the current profits is not significant. Given that the same does not occur in model (IIa), this must be caused by some multicollinearity in the model (VIa), as "lagged profits" is the instrumental variable for the lagged endogenous variable. If we now consider the variation rate of the diesel fuel price index as the instrumental variable and reestimate the model,  the parameter continues to have a low significance. In addition, the estimated parameter of the lagged endogenous variable is higher than 1. As a result, one of the assumptions is not fulfilled, despite the fact that there is no evidence of serial autocorrelation according to Breusch-Godfrey test.

Table 4. Dependent variable: Annual average number of vessels

Sample: 1983-1999

Variables in logarithms

	VARIABLES
	(Ib)
	(IIb)
	(IIIb)
	(IVb)
	(Vb)
	(VIb)

	Profits (t)
	0.050748

(0.01376)
	0.091157

(0.01087)
	0.085289

(0.03903)
	0.042342

(0.01699)
	0.088662

(0.01665)
	0.091897

(0.02377)

	No. of vessels (t-1)
	0.875044

(0.03786)
	0.912505

(0.02284)
	0.911989

(0.02398)
	1.282262

(0.24347)
	0.988726

(0.18215)
	0.909295

(0.09453)

	Variation rate of diesel fuel price index
	
	-0.617367

(0.11398)
	-0.626797

(0.13285)
	
	-0.693272

(0.17933)
	-0.612517

(0.17948)

	Profits (t-1)
	
	
	0.006888

(0.04385)
	
	
	

	No. of vessels (t-2)


	
	
	
	-0.389262

(0.21540)
	-0.052419

(0.170443)
	

	SSR
	45306
	8824
	27089
	39563
	26906
	8837

	Adjusted R²
	975571
	991922
	991267
	974287
	988107
	991909

	T
	16
	16
	16
	15
	15
	16

	DW
	1000408
	2331110
	2289009
	1976007
	2721990
	2316179

	Breusch-Godfrey
	2.989532

(0.08380)
	0.813812

(0.36699)
	0.7009365

(0.399655)
	0.080320

(0.77687)
	3.281258

(0.07008)
	0.748471

(0.38696)


Note: In brackets the estimated standard errors except in the last row in which p-values appear.

In the models with the variables transformed in logarithms, all the above conditions are checked. The residuals of the model ( Ib) show strong positive serial autocorrelation. This serial autocorrelation disappears when the variation rate of the diesel fuel price index is added as a explanatory variable. Additional lags of the endogenous variable and the profits are not significant, though it eliminates the serial autocorrelation, at least in the model (IIIb). For these reasons, the model II is the best when variables are transformed in logarithms. In the last column of Table 4, the model ( IIb) is estimated by instrumental variable estimation. In this case, the logarithm of the "profits lagged once" is considered the instrumental variable for the lagged endogenous variable. The exogenous  variables remain in the model. The results of this estimate are almost the same as the OLS estimation. Moreover, if we compare these results to those obtained by applying instrumental variable estimation on the non-transformed variables, all the coefficients are significant.

5. The effective fishing time
Once we have analysed the causes that provoke the fleet growth, we should wonder what variables have an influence on the individual fishing effort. Assuming the fleet size is N, the total exerted effort in the fishery will change when the fishermen or the ship owners decide to modify their individual fishing effort. The aggregation of all the individual fishing efforts determines the whole catch in the fishery and, as a result, the catch per unit of effor (CPUE) is also found out.

The individual fisherman believes this CPUE cannot be changed. According to this idea, fishermen could only increase their individual output by means of rises in their individual fishing effort. This situation is similar to an individual company in the industrial sector, which has no control over the sales price, that is, the sales price cannot be changed4.

The average number of fishing days has usually been very small but for the period 93-96. The annual mean of fishing days for the whole time span has only been 77 days per vessel. However, if we do not consider the period 93-96, the annual mean is equal to 70 days.

Huge fluctuations in the number of fishing days might be caused by the weather conditions. Strong east winds often appear in the Strait of Gibraltar. For this reason the number of effective fishing days is much lower than the number of other artisanal fleets. As a general rule, the number of effective fishing days is usually higher than 200 days/year.

Due to the shortage of reliable historical statistics regarding the weather conditions, we have decided to use the annual rainfall to represent them. In our case, we have considered the mean of the rainfall provided by the nearest observatories in which the information is complete (Huelva, Cádiz and Ceuta). By analysing the dependency between the annual average rainfall and the number of fishing days, we have found a strong negative correlation between them.

Therefore, an appropiate model for the fishing effort exerted by the Tarifa fleet could be given by
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where Et denotes the total effort measured in fishing days, Nt is the fleet size and Pt represents the annual rainfall measured in mm/m2.

The model estimate is shown in column (1) of Table 5. By analysing the residuals, a structural break can be detected between 1993 and 1996. This break is not caused by the fleet size or the weather conditions. It is produced by a higher number of outside vessels which sell their catch in Tarifa first sales market and do not belong to Tarifa port. In addition, for this period the red bream auctions decrease in Algeciras first sales market.

In order to take account of the structural break, a dummy variable (dt) is included in the model. This dummy variable is equal to 1 for the observations which correspond to the period 1993-1996 and 0 otherwise. Then the model can be written as:
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The estimated model (25) is shown in column (2) of Table 5. Model parameters are significant. The number of vessels which sell their red bream catch increased around 25 vessels per year for the period 1993-1996.

Table 5. Dependent variable: Annual number of effective fishing days

Sample: 1983-1997

Non-transformed variables

	VARIABLES
	‑1
	‑2
	‑3

	Rainfall (t)
	-0.24661 

(0.11114)
	-0.215638

(0.04648)
	-0.197569

(0.02299)

	No. of vessels (t)
	106.4748

(9.47540)
	94.79111

(4.20324)
	93.69101

(2.27228)

	Dummy * No. of vessels (t)
	
	25.39300 

(3.19270)
	24.89746

(1.36888)

	SSR
	14618224
	2330914
	9077927

	Adjusted R²
	815518
	968133
	986461

	T
	15
	15
	15

	DW
	1353330
	2951046
	2519609


Note: In brackets the estimated standard errors.

The Durbin-Watson statistic (DW) in the estimated model shown in column (2) indicates the presence of first order serial correlation in the residuals. For this reason, we include a MA(1) term. By doing this, we got the model shown in column (3). The new DW statistic indicates there is no evidence of serial correlation.

The adjusted R2 of the model (25) is very close to 1. As a result, the estimated model is a good fit. The observation for 1998 has been excluded because it is an outlier due to the stops which have been carried out by the red bream fleet to complain about the new electrical cable between Spain and Morocco. In addition, the observation for 1999 has also been excluded because new management measures were applied to the fishery. In particular, a closed season was established for January and February.

Finally, from 1983 Tarifa fleet has expanded very rapidly. It has increased 400%. This increase can be explained by an adaptative expectation model in which annual fleet increase depends on the expected profits by the fishermen, taking into account their opportunity costs.

6. Conclusions
The interpretation of the above results is straightforward. Expectations with regard to the current profits are generated according to the equation (9). Therefore, fishermen compare previous expectation, that includes all the subjective aspects of the decision process, with the current profits. It is worth noting that the annual aggregation of the data does not allow to determine completely the expectation formation process from a dynamic point of view.

From a theoretical point of view, the profits per fishing day are reasonable. To compare the daily average income, that depends on the price of the first sales market and the catch per unit of effort (CPUE), with an opportunity cost which is considered to be equal to the guaranteed minimum wage, seems a quite good idea. The shortage of alternative fisheries and other types of work in different sectors, implies that the fisherman compares his incomes with a low wage. Furthermore, guaranteed minimum wage has the advantage of being the reference wage in other activity sectors. For this reason it can be appropiate for an expectation formation model.However, other kinds of wages could be considered and the results could be satisfactory due to the high profitability in the fishery. In particular, we also consider the daily average wages of the building sector and the daily average wage of the whole of the activity sectors. Nevertheless, these models does give worse fits.

The variation rate of the diesel fuel price index is a very important variable. The increase in fishing costs is mainly determined by the diesel fuel cost. Due to the so-called share system that prevails in the fishing sector, the wages are positive correlated with the net incomes. The aforementioned statement is proved because an unitary increase in the variation rate of the diesel fuel price index can produce a fleet reduction, "ceteris paribus", of  0.4% approximately.                                                                                            

In conclusion, the fishing effort exerted by the fleet strongly depends on the weather conditions. By considering the rainfall as a proxy variable of the weather conditions, we have estimated a model with a high adjusted R2. However, other variables could be used in order to explain even better the weather conditions. For instance, the number of days with strong winds would be an alternative proxy variable. The adaptative expectation and the fishing effort models can allow to carry out simulations about the evolution of the fishery. Although this latter model can describe quite well the past evolution of the fishery, it might fail to forecast the future properly, due to the weather uncertainty.
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