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Abstract
Using cross-section data from 1997 to 1999 an appropiate production function is estimated for the red bream (Pagellus Bogaraveo) fishery located in the Strait of Gibraltar. In order to do that, it has been taken into account the two different types of technology used by the fishing fleet. The obtained production model has allowed us to determine the fishing capacity per vessel. Finally, this analysis has led us to get a time series of standard fishing effort.

Keywords: production function, fishing effort, fishing capacity, cross-section data, technology.

_____________________________

a This research has been funded by Junta de Andalucía (regional government in the South of Spain).

1. Introduction.
Although there are different denitions of the fishing capacity proposed by fishing international organizations
, according to the Council Regulation (EEC) No. 3760/92 this concept is closely connected to the fishing power used in current bioeconomic literature [Clark, C.W., (1976)]. Assuming that a fishery can be defined as the fishing activity on a fish population or on a group of fish populations developed by a group of vessels which have the same fishing gear, then the fishing effort exerted by the fleet can be defined as the sum of the multiplications of the number of fishing days per vessel by the individual fishing capacity or fishing power which is related to the technical features of the vessel
. In order to measure the fishing capacity, the European Union (EU) uses vessel capacity (tonnage) and engine power in HP for purse seine or fixed fishing gear fisheries. On the other hand, EU uses the engine power in HP for trawl fisheries
. However, these measures are just approximations of the fishing capacity. A specific methodology to determine the fishing capacity does not exist in the EU regulation or in the law of any of the EU members. In this paper an econometric methodology which allows to formulate the fishing capacity function, estimate it and test some hypotheses, is proposed. In addition, a time series of standard fishing effort is obtained.

Red bream (Pagellus bogaraveo, Brünnich, 1768) can be found in Western Mediterranean and Eastern Atlantic from Norway to Mauritania. They can grow up to 70 cm and weigh up to 40 kg, though they are normally between 20 and 35 cm in length. They are hermaphrodite and, as a consequence, they turn into females when they are between 20 and 30 cm (or when they are between 2 and 7 years old). Red bream live on the sea bottom at depths of up to 400 m, though this depends on the age of the fish; the young fish are thought to be a pelagic species by some authors
 whereas bigger ones live in deeper waters. Its diet consists of some pelagic species, crustaceans, molluscs and other fish larvae. Reproduction can take place at any time of the year, although it reaches its peak during the period June to September in the Spanish Mediterranean area. However, its reproduction peak time changes a lot according to the area.

The fishing of red bream in the Gibraltar Strait area is a very recent activity. The proportion of red bream catches in Tarifa Port increased from 10% of total landings in 1980 to 50% in 1990, reaching nearly 93% of the total landing in 1994. Since then hardly any other fishery has been developed in the area except some pelagic line fisheries in which tuna is mainly caught from the summer of 1996. Catch per fishing day (CPFD) decreased in 1995. Although the reason for this decline has been analysed, it does not seem to provide a very clear explanation. It seems that for certain years the huge abundance of angelfish (Brama brama) led to a decrease in the catch of red bream. In 1998 the sharper decrease in the CPFD brought about the establishment of some regulations on this fishery by the authorities
 although in 1999 the CPFD did not experience any change with respect to the previous year.

The fishing gear which used in this fishery is a type of demersal line, so-called “voracera”. Demersal line is thrown between four and six times per trip, though weather conditions and technical features of the vessels should be taken into account. Fishing activity is very limited by strong winds. As a result, the average annual number of effective fishing days is between 50 and 100. However, the high price of the catches compensates for this drawback. The bait is sardine or, to a lesser extent, squid. The fishing grounds are seldom deeper than 835 m. Two types of fishing gear are to be considered: demersal lines including a hauling machine and demersal lines which do not include a hauling machine.

Table 1. Composition of the total landings in Tarifa

	SPECIES
	1997
	1998
	1999

	
	Metric tons
	Pesetas/Kg.
	%
	Metric tons
	Pesetas/Kg.
	%
	Metric tons
	Pesetas./Kg.
	%

	Red bream 
	521.4
	1501
	52.27
	282.3
	1895
	70.10
	198.8
	2034
	53.18

	Angelfish
	338.4
	354
	33.92
	34.5
	507
	8.57
	14..9
	467
	3.99

	Tuna
	136.6
	610
	13.69
	80.0
	476
	19.87
	147.5
	658
	39.45

	Megrim
	0.0
	----
	0.00
	3.6
	772
	0.89
	3.0
	755
	0.80

	Grouper
	0.9
	2415
	0.09
	2.0
	2395
	0.50
	0.6
	2421
	0.17

	Sword fish
	0.1
	1273
	0.01
	0.1
	1512
	0.02
	0.2
	1477
	00.6

	Other types of fish
	0.1
	1450
	0.00
	0.2
	727
	0.05
	8.7
	86
	2..34

	Total weight

(in metric tons)
	997.4
	991
	100.00
	402.7
	1486
	100.00
	373.8
	1373
	100.00


Source: Dirección General de Pesca de la Junta de Andalucía (DGP)

This study analyses different aspects of the fishery. Firstly, we have determined an appropiate functional form for the fishery production function. Secondly, this production function has allowed us to get the individual fishing capacity of the vessels which belong to the fishery. Finally, this study provides a way to standardize the fishing effort and obtain a time series of this variable.

2. Analysis of the individual fishing capacity
All data come from the auctions held in the first sales market located in Tarifa from 1997 to 1999. Nevertheless, although vessels from Tarifa sell their landings in this market, there are other vessels coming from Algeciras, La Línea and other ports in the province of Cádiz which also sell their red bream landings in this market. These vessels come from other ports such as. Although  red bream is the target species, other demersal species such as angelfish, common seabream, grouper, etc. are caught. It is worth noting that the number of fishing days whose landings is partial or totally composed of tuna is growing. As tuna is a pelagic species, this statement seems quite strange because demersal line is the type of gear which is used in this fishery. Therefore tuna fishing should be considered an alternative fishery which is seasonally developed in the summer, when tuna abundance compensates for its lower price with regard to the red bream.

For all the aforementioned reasons, only the fishing days in which tuna catch is insignificant have been taken into account. The rest of the caught species would be considered as incidental catches sensu Alverson et. al. (1994). The fishing trips have been grouped into four groups through a Hierarchical Cluster Analysis. The first group is composed of the trips whose catch is mainly red bream and other demersal species. The second group exclusively consists of tuna. Finally, the third group (mixed trips) includes the trips in which there are both tuna and demersal species. The importance of each group is shown in Table 2. The first group represents 95% of the total number of effective fishing days and this percentage sharply decreases in 1999 because of the limitations imposed on the fishery (closed area or two months’ closed season). In addition, the number of fishing days is very stable over the considered period. From this point on, the analysis will be only focused on the trips whose catch is mainly red bream.

Table 2. Types of trips according to the target species

	TYPES OF FISHING DAYS
	1997
	1998
	1999

	
	No.
	%
	No.
	%
	No.
	%

	Red bream trips
	7258
	94.9
	5209
	94.7
	3075
	85.7

	Tuna trips
	325
	4.3
	230
	4.2
	499
	13.9

	Mixed trips
	63
	0.8
	59
	1.1
	14
	0.4

	Total weight (Tm.)
	7646
	100.0
	5498
	100.0
	3588
	100.0


Source: Dirección General de Pesca de la Junta de Andalucía (DGP)

The information on productive inputs has been got from the fleet census of the SGPM. Furthermore, we have used extra information coming from the Guilds of Fishermen and from different publications. We have constructed a vessel database  which includes the capacity in GRT and GT, the engine power in HP, the vessel length, the construction year and the number of crew members as fixed productive inputs.

Table 3. Statistical summary of the main vessel variables

	VARIABLE
	1997
	1998
	1999

	
	Mean
	S.D.
	Mean
	S.D.
	Mean
	S.D.

	No. of fishing days
	50.76
	33.45
	41.02
	29.79
	17.13
	12.28

	Capacity in GRT
	7.48
	8.02
	6.31
	4.27
	6.18
	3.94

	Capacity in GT
	7.10
	7.12
	6.21
	5.25
	6.22
	5.20

	Length          
	8.31
	2.22
	8.04
	1.77
	8.09
	1.65

	Power in HP
	72.94
	49.99
	67.48
	38.31
	66.84
	37.29

	Age in years
	29.63
	16.32
	30.59
	16.61
	32.53
	16.99

	No. of crew members
	3.76
	1.72
	3.49
	1..30
	3.52
	1.37

	No. of vessels
	143
	127
	107


Source: Own elaboration based on the fleet census of the SGPM
 and

the crew members statistics from the ISM
.

The number of fishing days will be considered a variable productive input in each year. In addition to the above variables, there were other variables which were taken into account such as usual port of the vessel, the fishing gear and the invested amount of money in the last ten years. The usual port of the vessel and the fishing gear were incorporated in the model by means of dummy variables and the invested amount of money was included in the model through a monetary variable. In the latter variable, we have differentiated between new-built and modernized vessels. All this information has been got from the investement aid applications handed  to DGP. None of the last three variables (usual port, fising gear and investment in the last ten years) were significant from a statistical point of view. Table 3 shows a statistical summary of the main vessel variables.

Theoretical background
As the production theory states, the production function is defined as the relationship between the quantity of inputs which are used for each vessel and the catch per unit of time. It is obvious that each vessel can modify its output changing the quantities of the inputs. Each vessel will try to apply the most efficient production technique so that it does not incur any unnecesary expenses. However, in the fishing activity there is an input which is not under control of the fishermen: the exploited stock.

In current literature about bioeconomic models of fisheries, only two productive inputs are considered in the fishing activity, that is, fishing effort and stock. While the latter variable has a clear interpretation (the higher the stock density is, the larger the catch is), the former has a more difficult interpretation and determination. From a biological point of view, the fishing effort is strongly linked to the fishing mortality. The fishing mortality is usually defined for each vessel as the multiplication of the fishing time by the individual fishing power [Beverton & Holt (1957)]. Nonetheless, the fishing power is not clearly defined because it depends on the technology and the exploited stock features. Intuitively, it is understood that the individual fishing power must be a function of capital and labour force inputs used by each vessel.

According to this, the fishing production function can be defined in general terms as follows:


[image: image1.wmf])

S

 

,

 

)

P

 

,

 

T

g(

 

f[

 

=

 

)

S

 

,

 

E

f(

 

=

 

h

t

it

it

t

it

it


where St denotes the fish stock at a time t, Pit represents the individual fishing power, Eit is the fishing effort and Tit is the time the i-th vessel spend on fishing in the t-th period and g(.) represents the fishing effort exerted by a vessel in the considered period. In principle, the individual fishing power should be the result of an appropiate combination of all the productive inputs the ship owner uses.

In our case, the vessel charasteristics which have the most important influence on the individual fishing power are the number of hooks, the length of the demersal line and the existence of hauling machines to raise the demersal line. If we assume several demersal lines can be simultaneously used by each vessel, the vessel size (length, breadth and capacity) will determine the number of demersal lines. In addition, as a different stone is used every time the demersal line is thrown, the vessel size is used to determine how  many times the demersal line can be thrown in each trip. Furthermore, despite the fact that the vessels can be equipped with hauling machines, one crew member usually is responsible for raising the demersal line. As a result, the number of crew members should have a great influcence on the vessel fishing power. We have got available data about the vessel size (GRT, GT and length), the engine power in HP, the year the vessel was built and the number of crew members.

Thus the individual fishing power has been expressed as a function of just two variables, the vessel capacity in GT (as an indicator of its volume and size) and the number of crew members,
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where X2it denotes the capacity (measured in GT) of the i-th vessel and X3it is the number of crew members. The t subindex has been used to include the possible changes in the vessels charasteristics, even if this seldom happens. Hence, the individual production function of each vessel in the fishery could be expressed as a combination of (1) and (2), that is,
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In this formula we have not written the t subindex because we are using cross sectional data. Moreover, we can assume that the level for the different exploited resources along a given year is constant for each vessel.

The main problem we face consists in choosing an appropiate functional form for our model so that it allows us to identify the most important economic effects (output elasticity, scale returns, etc.). We will use a flexible functional form (the translog function) to approximate any arbitrarily chosen function but theoretically possible (Lau, 1986). Some other functional forms used in the production analysis are the Cobb Douglas (1928) and CES (Arrow et al., 1961), which impose some “a priori” restrictions on the technological relations (i.e., on the production elasticities, on the substitution elasticities or on the separability of the inputs. This is the reason why a translog function seems to give a better fit. From this point on, we will use different tests to get the appropiate functional form (Millan, 1987 and Bjørndal, 1989).

The following methodology has been applied by García and Herrero (1998) to Spanish trawl fleet in Moroccan waters and by Andersen (1999) to Danish fishing fleet. If we only impose “a priori” the symmetry restriction in order to be able to identify the coefficients (γij=γji), the translog production function can be as follows:
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The parametric restrictions that will be tested are the following:

1. Homogeneity: A production function is homogeneous of degree n if it verifies: f(λT, λX2, λX3)= λnf(T, X2, X3) where n is a constant and λ is a real positive number. Therefore the following restrictions are imposed on the function parameters: γ11+γ12+γ13 = 0; γ12+γ22+γ23 = 0; γ13+γ23+γ33 = 0. Then the translog function that will be estimated is:
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2. Constant returns to scale: It implies α1+α2+α3=1 for the translog (1). If we assume the homogeneity restriction has been accepted, the restricted translog function will be
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3. Weak global separability: This would mean accepting a Cobb-Douglas functional form, which implies γij = 0,   γij. The restricted translog function that will be estimated is the traditional Cobb-Douglas function
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4. Weak linear separability: For k with respect to the inputs i and j, it is equivalent to establishing the restriction: γjk = γki (Berndt and Christensen, 1973).

5. Weak non-linear separability: For k with respect to the inputs i and j, it consists of establishing the restriction: αi/αj =γik /γjk
6. Unitary output elasticity of the time spent fishing: It implies α1=1, which may transform our annual production model for each trip as follows:
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The restrictions will be checked in this order, so that accepting the global separability would imply the non-existence of partial separability as was made by Millan (1987), using Corbo and Meller’s work (1979) and Furton and Gray’s (1981).

Results
As we mentioned above, the most important productive inputs are the number of fishing days (T), the capacity in GT (X2) and the number of crew members (X3).

Table 4. Correlation matrix of input variables in 1998
	
	GT
	GRT
	Length
	HP
	Crew members
	Fishing days

	GT
	1.000
	---
	---
	---
	---
	---

	GRT
	0.897
	1.000
	---
	---
	---
	---

	Length
	0.726
	0.826
	1.000
	---
	---
	---

	HP
	0.697
	0.728
	0.700
	1.000
	---
	---

	Crew members
	0.467
	0.487
	0.430
	0.454
	1.000
	---

	Fishing days
	0.056
	0.072
	0.200
	0.097
	0.188
	1.000


The engine power has not any influence on the fishing power because of the fishing gear charasteristics. The engine power is only necessary to get to the fishing grounds. Capacity in GRT or length are strong positive correlated with the capacity in GT. Therefore they are redundant variables. Table 4 shows the correlation matrix among the productive inputs in 1998. In order to estimate the translog function (4) a dual-form should have been used (Berndt and Christensen, 1973 and 1974). However, as the information about the cost for the different productive inputs is not available, we will use a primal form. Exogenous variables are chosen in order to reduce the risk of simultaneity bias, under the assumption that the fisherman determines previously the amount of effort to be exerted in the fishery.

 Table 5. Testing the parametric restrictions
	Estimated Translog Function
	1997
	1998
	1999

	
	F

statistic
	d.f.
	Critical value
	F

statistic
	d.f.
	Critical value
	F

statistic
	d.f.
	Critical value

	Homogeneity 
	0.81
	3;128
	2.68
	0.87
	3;114
	2.68
	1.10
	3;93
	2.70

	Constant scale returns  
	143.78 
	4;128
	2.44
	97.58
	4;114
	2.45
	99.16
	4;93
	2.47

	Global separability
	8.26
	6;128
	2.17
	0.78
	6;114
	2.18
	2.54
	6;93
	2.20

	Unitary elasticity of trips
	0.09 
	1;134
	3.91
	3.91
	1;120
	3.92
	0.01
	1;99
	3.94


The models are successively estimated when the parametric restrictions are accepted. In order to test the parametric restrictions, Wald tests has been carried out. The Wald statistic is defined as follows:
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where RSSR is the residual sum of squares computed with the restrictions imposed, RSSUR denotes the residual sum of squares of the unrestricted model, T is the sample size, k represents the number of parameters in the unrestricted model and r is the number of linear restrictions. Under the null hypothesis H0, the Wald statistic has an F-distribution with r and T-k degrees of freedom. If the F-statistic is smaller than the critical value, then the null hypothesis H0 can be accepted and vice versa. In Table 5 the F-statistics for the tests over the previous restrictions as well as the degrees of freedom to apply and the critical values for a 5% significance level are shown. From these results, the homogeneity hypothesis can be admitted, the constant scale returns hypothesis is rejected and the weak global separability hypothesis can be accepted. All these results justify the suitability of a Cobb-Douglas functional form with increasing returns to scale for the annual production in the following form
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where “e” is the exponential constant. Finally, the hypothesis of the unitary output elasticity for the number of trips is accepted.

Structural change
One question that should be answered is whether a structural change exists in the model or not. If a structural change existed, there would be significant differences in the estimated equations. The production function is shown in Table 6. There are significant differences in the efficiency parameter (α0) as well as in the elasticity of output with respect to the number of crew members (α3). As the efficiency parameter shows the effect of the different stock levels, the difference in the estimated α0 suggests a lower stock density in 1998. However, the difference between the elasticities of output with regard to number of crew members is more difficult to explain . It might be caused by a model misspecification.

Table 3. Estimated annual production functions a
	
	α0
	α1
	α2
	α3
	Adjusted R2

	1997
	4.218

(0.111)
	1.006

(0.021)
	0.093

(0.040)
	0.256

(0.075)
	94.65%



	1998
	3.610

(0.092)
	1.037

(0.019)
	0.085

(0.038)
	0.154

(0.068)
	96.25%

	1999


	3.677

(0.090)
	1.000

(0.023)
	0.085

(0.044)
	0.165

(0.072)
	95.55%


a In brackets the estimated standard errors 

In order to test the existence of a structural change, Chow’s breakpoint test has been carried out. The Chow statistic can be defined as follows:
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where T denotes the total number of observations, k represents the number of parameters in the equation, SSRT is the sum of squared residuals when the equation is fitted to all T sample observations and, finally, SSR1 and SSR2 are the sum of squared residuals from subsamples 1 and 2, respectively. Under the null hypothesis H0, the Chow statistic has an F-distribution with k and (T-2k) degrees of freedom.

We shall study if a structural change exists between 1997 and 1998, between 1998 and 1999 and, finally, between 1997 and 1998+1999, because the estimated parameters are very similar in 1998 and 1999. According to Table 7, we can accept the existence of the same structure for 1998 and 1999 but we have to reject the same structure for 1997.

Table 7. Chow’s breakpoint tests

	Years
	F

statistic
	d.f.
	Critical value

	1997-1998 
	81.63
	4;254
	2.41

	1998-1999  
	0.54
	4;219
	2.41

	1997-(1998+1999)
	114.44
	4;357
	2.40


In order to analyse the causes of the structural change, we have introduced a dummy variable, Z. This variable is equal to 0 for the observations which correspond to 1997 and is equal to 1 otherwise. Thus we have estimated the following model for the 365 observations of the three considered years:
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Since the estimates for the coefficients α1*, α2* or α3* are not significant, the structural change must be due to a variation of the efficiency parameter (constant term). As the efficiency parameter shows the effect of the stock density, it can be admitted that the stock density has changed a lot, whereas the elasticities of output have remained constant.

Table 8. Analysis of structural change

	Parameter
	Model (I)
	Model (II)

	
	Estimate
	Standard Error
	t-statistic
	Estimate
	Standard Error
	t-statistic

	α0
	4.239
	0.099
	42.700
	4.268
	0.062
	68.510

	α0*
	‑0.598
	0.121
	4.947
	‑0.653
	0.031
	21.359

	α1
	1.006
	0.018
	54.702
	1.016
	0.011
	88.738

	α1*
	0.02
	0.024
	0.851
	-----
	-----
	-----

	α2
	0.099
	0.036
	2.782
	0.093
	0.024
	3.947

	α2*
	‑0.016
	0.048
	0.344
	-----
	-----
	-----

	α3
	0.233
	0.068
	3.427
	0.187
	0.042
	4.443

	α3*
	‑0.078
	0.087
	0.898
	-----
	-----
	-----

	Adjusted R2
	96.481%
	96.487%


In Table 8 the estimated results by trip for the harvest models are shown. The equation (12) has been denoted as Model (I) and the same equation has been called Model (II), when the non-significant parameters are not taken into account. Accordingly, as the parameters of the dummy variable related to the elasticities of output are not significant, we can admit that these parameters do not change from year to year. On the other hand, as the efficiency parameter of the dummy variable (α0*) is significant, an important productivity reduction has happened in the fishery due to the exploited stock decrease.

While the efficiency parameter is equal to 4.268 in 1997, this parameter is (4.268-0.653) = 3.615 in 1998 and 1999. Therefore, the parameter value decreases more than 15%. In addition, the estimated elasticity of output with respect to the number of fishing days continues to be approximately equal to 1, while the estimated elasticities of output with respect to the capacity in GT and with respect to the number of crew members are much lower than 1. Hence it is possible to construct a model which expresses the amount of harvest per trip (Yi), as a function of the capacity in GT(X2i) and the number of crew members (X3i) as follows:
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where Yi=hi/Ti. By taking natural logarithms in both sides of the equation (17), the model is given by:
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where α0* = α0 z1i. The above regression can be estimated by Ordinary Least Squares (OLS). The model estimate is shown in Table 9. The model interpretation is clear. For instance, an unitary increase in the capacity in GT, remaining the rest of the variables constant, makes the daily production grow 0.095%. Furthermore, the estimated daily production function is homogeneous of degree (α2+α3)= 0.283 < 1. This means it has decreasing returns to scale. As a result, increasing indefinitely the daily production per vessel is not possible by increasing the quantities of the inputs.

Table 9. Estimated production function by trip

	
	α0
	α0*
	α2
	α3
	Adjusted R²

	Estimate
	4.320
	‑0.662
	0.095
	0.188
	61.43%

	Standard Error
	0.051
	0.03
	0.024
	0.042
	

	t-statistic
	85.521
	22.221
	4.054
	4.457
	


The model in Table 9 as well as the model (II) in Table 8 allow us to obtain the individual fishing power. Nonetheless, it is worth noting that there are  two types of vessels in this fishery: on the one hand, vessels which are equipped with a hauling machine and, on the other hand, vessels which are not. Despite the fact that the aggregated production function has a high adjusted R2, it could be quite different with regard to the type of vessel.

Different types of technology
In the bioeconomic literature about fishery management, the most usual production functions  have been Cobb-Douglas. Schaefer (1954) establishes an aggregate harvest function which was just a Cobb-Douglas function with unitary output elasticities, under the assumption that the fishing mortality is positive correlated with the exerted fishing effort. In our case, the estimated production function allows us to consider the elasticity of output with respect to the fishing effort equal to one, assuming that the effort function of each individual boat can be expressed as


[image: image15.wmf])

X

 

X

 

e

(

 

T

 

=

 

P

 

T

 

=

 

E

3

2

it

3

it

2

it

it

it

it

a

a

a


Hence, we have estimated an adequate functional form for the individual fishing effort. If the number of fishing days remains constant, the output per day can increase through a change of the number of the crew members or the vessel capacity. However, this result does not take account of the importance of technology in this fishery. Unfortunately, a census which includes the vessels equipped with a hauling machine does not exist. However, there is available information about the vessels in which money has been invested in order to be modernized from 1987 to 1999. Therefore we have made a database including the vessels which received economic aid to be modernized or to be built again either from the regional government regulation 280/86 or from IFOP funds. All this information has been provided by the DGP.

Throughout the considered period, there were 112 investments in Tarifa fleet. The aim of most of them is to modernize vessels. These investments affected 53 vessels
. Most of the investments (80 out of 112) were carried out over the period 1991-1994. The total investment was equal to 180,200,000 pesetas. More than half of the total investment was for the equipment renewal. Considering the previous information, a new dummy variable has been created. This dummy variable is equal to 0 if no money has been invested in the vessel and it is 1 otherwise. We have assumed the new-built vessels are equipped with a hauling machine. Now, the model (14) can be written as follows:
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where Z2 is the new dummy variable. The significance of the parameters βi will allow us to measure the effect of technology on the elasticities of output with respect to productive inputs.

Table 10. Technology effects on the production function

	Parameter
	Model (Ia)
	Model (IIa)

	
	Estimate
	Standard Error
	t-statistic
	Estimate
	Standard Error
	t-statistic

	α0
	4.267
	0.051
	82.989
	4.269
	0.051
	83.167

	α0*
	‑0.657
	0.029
	22.406
	‑0.657
	0.029
	22.416 

	α2
	0.026
	0.033
	0.781
	-----
	-----
	-----

	α3
	0.352
	0.059
	5.958
	0.383
	0.043
	8.954

	β2
	0.142
	0.046
	3.106
	0.167
	0.032
	5.256

	β3
	‑0.245
	0.065
	3.789
	‑0.278
	0.049
	5.625

	Adjusted R2
	62.28%
	62.87%


In Table 10, the model estimates are shown. Firsly, it is worth noting that α2 is not significant. This can mean that the vessel capacity has not any influence on the non-modernized vessels. In these vessels the daily production mainly depends on the number of crew members. In addition, if we observe β3 in both models, the elasticity of output with respect to the number of crew members decreases a lot in the modernized vessels. In particular, this elasticity varies from 0.383 in model (IIa) to 0.105, namely, (α3-β3). Accordingly, in the non-modernized vessels the fishing power only depends on the number of crew members, whereas in the modernized ones the fishing power additionally depends on the capacity. However, in the modernized vessels the significance of the number of crew members is lower. Therefore, by taking into account the equation (15), the estimated fishing effort function for vessels which have not a hauling machine (non-modernized vessels) can be written as follows
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whereas this function for modernized vessels, that is, vessels which have a hauling machine, is
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where the parameter α is not identified and denotes the effect of the resource stock. If we assume the catch function given by Schaefer (1954) is applicable,
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the parameter α can be defined as follows:
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where q is the catchability coefficient and St represents the fish stock at a time t.

Then the annual production function can be expressed as
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which is similar to the equations (7) or (12). Finally, the daily catch function could be expressed as follows:
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This daily catch function is related to the estimated models (14) and (16). Therefore the fishing power is proportional to the multiplication of the productive inputs (X2it and X3it) raised to their respective elasticities (α2 and α3). As a consequence, this multiplication is an indicator of the fishing power per vessel. For the Tarifa fleet the average values of this indicator are quite different when technology is taken into account. On the one hand, it is equal to 1.48 for the non-modernized fleet and, on the other hand, it is equal to 2.47 for the modernized fleet. The indicator of the fishing capacity is 1.96 for the whole fleet. As a result, the fishing power of modernized vessels is 66% higher than non-modernized vessels. Furthermore, modernized vessels have a higher average capacity and a higher number of crew members. However, we have to be careful with the last result because the ratio Crew members/GT shows that non-modernized vessels has a larger number of crew members which is equal to 43%. For non-modernized vessels the ratio is 1.03 crew members per GT, while for modernized vessels the ratio is just 0.72.

Table 11. Average values of productive inputs, fishing power and work intensity ratio

for the Tarifa fleet in 1999

	Type of vessels
	Capacity in GT
	No. of crew members
	Fishing power
	Ratio GT/Crew members
	No. of vessels

	
	Mean
	S.D.
	Mean
	S.D.
	Mean
	S.D.
	Mean
	S.D.
	

	Non-modernized vessels
	3.75
	2.39
	2.98
	1.41
	1.48
	0.26
	1.03
	0.57
	55

	Modernized vessels
	6.00
	3.00
	3.63
	1.25
	2.46
	0.13
	0.72
	0.40
	51

	Total
	4.84
	2.93
	3.29
	1.37
	1.96
	0.53
	1.88
	0.52
	106


Source: Own elaboration based on the fleet census of the SGPM and

the crew members statistics from the ISM.

If we consider the labour force payment should be much higher than the equipment depreciation (it changes between 300,000 pesetas and 500,000 pesetas), it is apparent that the input combination is much more efficient for modernized vessels. For this reason, fleet has updated its technology.

3. Conclusions and applications
The fishing power of the vessels that belong to the red bream fishery has been determined by an analysis of a production function. The estimated models and the tests which have been carried out have lead us to the idea that the production function is a Cobb-Douglas function with decreasing returns to scale. Important differences have been determined in the elasticities of output with respects to inputs, depending on the vessel modernization from 1987 to 1999. The most relevant investment corresponds to the hauling machines which raise the demersal line. As we expected, for non-modernized vessels the fishing capacity is closely connected to the number of crew members. However, for the modernized vessels the fishing capacity also depends on the vessel capacity in GT and the elasticity of output with respect to the number of crew members is much lower. From an economic point of view, modernized vessels should be much more efficient because the investment is very low in relation to the work force payment. For this reason, the fleet has invested a lot of money (Table 12).

An immediate application of the methodology is to get a time series of standard fishing effort. As the equations (17) and (18) show, the fishing effort can be defined as the multiplication of the number of effective fishing days per vessel and the individual fishing capacity per vessel. Regarding the former variable, we have got available data for the period 1997-1998, but we have not got any information for previous years. However, “El Toruño”, the centre depending on the CICEM from Junta de Andalucía, agreed to provide us with the monthly series of fishing days for the period 1983-1996. However, this series only includes the total monthly number of fishing days for the port of Tarifa.

By assuming the provided data are valid, the time series should be adjusted in order to standardize the fishing effort series. Then the equations (17) and (18) could be used in order to get an indicator of the fishing capacity. Nonetheless, in order to do that, detailed information about all the fishery vessels is necessary over the analysed time span. As this information does not exist, in order to get the indicator of the fishing power, the Tarifa red bream fishing fleet with a capacity less than 20 GRT will be used. In addition, it is necessary to know whether any vessel has been modernized or not. Once the database is constructed using the fleet census of the SGPM the average fishing power will be computed and, if we apply the previous equations, the standard fishing effort will be obtained. Unfortunately, it has not been possible to extend the fleet census beyond 1986
 due to the available information. This available information does not include anything from Spanish Fishing Yearbooks (“Anuarios de Pesca Marítima”) because they do not contain data related to the capacity in GT. These data can only be obtained for the vessels which existed in 1989. The census was made this year.

Evolution of the fishing fleet located in Tarifa

Throughout the analysed period, the Tarifa fleet has rapidly increased. In 1986 the fleet was made up of around 55 vessels with a total of 251 GRT and 185 crew members whereas nowadays there are 108 vessels with a total of 538 GRT and a crew of 356. These figures imply an increase of 96.4% in the number of vessels, 114.3% in the capacity and a 92.4% increase in the number of crew members. It could be the only coastal fishery in Andalusia that has experienced such an increase in the last few years. Moreover, the increase is even higher if we analyse the evolution of the fleet in terms of fishing capacity.

By using the information which comes from the investment aid applications in relation to the Royal Decree 280/86 and IFOP funds, modernized and new-built vessels have annually been identified. Throughout the period 1987-1999 the evolution of modernized and non-modernized vessels is shown in Table 12. In this table all the figures are related to the fleet that was located in Tarifa on the 31st of December of each year.

It is apparent that the Tarifa fleet has been modernized very rapidly from 1987 to 1994. However, this mordenization process gets slow due to the lower profitability in the red bream fishery.

Table 12. Evolution of the Tarifa red bream fishing fleet with a capacity less than 20 GRT

	Year
	Modernized vessels
	Non-modernized vessels

	
	No.of 

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

vessels
	Capacity in GT
	Power in HP
	Crew members

	1986
	   0
	0
	0
	0
	55
	251
	2866
	185

	1987
	1
	5
	50
	3
	63
	341
	3874
	218

	1988
	3
	17
	280
	11
	76
	425
	4657
	260

	1989
	8
	52
	615
	33
	72
	410
	4365
	245

	1990
	17
	113
	1376
	62
	66
	364
	3791
	223

	1991
	27
	204
	2200
	103
	57
	292
	3036
	188

	1992
	35
	242
	2601
	132
	49
	254
	2702
	161

	1993
	37
	242
	2580
	136
	48
	241
	2607
	155

	1994
	51
	325
	3635
	189
	37
	179
	1910
	114

	1995
	50
	321
	3570
	183
	36
	158
	1910
	111

	1996
	50
	321
	3570
	183
	43
	160
	2162
	130

	1997
	50
	321
	3570
	183
	50
	187
	2499
	151

	1998
	52
	329
	3672
	190
	51
	194
	2557
	154

	1999
	53
	331
	3702
	192
	55
	207
	2714
	164


Source: Own elaboration based on the fleet census of the SGPM and

the crew members statistics from the ISM.

Determination of a fishing power indicator
If we substitute now the average value of the capacity in GT and the average value of the number of crew members in the equations (17) and (18), we can determine a time series of the average fishing power according to the type of vessel. If we compute then a weighted mean between the fishing powers of modernized and non-modernized vessels according to the number of vessels that belong to each group, we can determine a time series of fishing power for the whole fleet. In Table 13 the average fishing power of both vessel groups, the total fishing power for the whole fleet and the average fishing power for the whole fleet on the 31st of December of each year are shown. We have centered the time series by averaging the previous and current year fishing powers. If we divide all the data of the column “Total” by the average number of vessels in the fishery, we determine the annual average fishing power (column “Mean”). The  total fishing power for the whole fleet has changed from 104 days in 1987 to 216 days in 1999. Therefore it has increased 107.7%. 

The annual average fishing power per vessel was equal to 1.61 in 1987, while it was 2.1 in 1995. Afterwards, it decreased to 2.01 in 1999. If we divide every annual average fishing power by the annual average fishing power from 1999, we obtain an index representing the fishing power relative to 1999. This time series allows us to estandardize the fishing effort. In order to do that, we have to multiply the number of fishing days in norminal terms by this index. Finally, we obtain the fishing effort time series measured in standard days. This time series will be used to assess the red bream stock in the fishery.

Tabla 13. Determination of the fishing power indicator and the standard fishing effort
	Year
	Fishing power

on the 31st of December


	Annual average fishing power
	Fishing power index
	Fishing days in nominal terms
	Standard fishing days

	
	Modernized vessels
	Non-modernized vessels
	Total
	Mean
	
	
	
	

	1986
	1.59
	----
	88
	1.59
	----
	----
	----
	----

	1987
	1.61
	2.45
	104
	1.62
	1.61
	79.86
	4291
	3427

	1988
	1.60
	2.48
	129
	1.64
	1.63
	80.95
	5329
	4314

	1989
	1.60
	2.53
	135
	1.69
	1.66
	82.67
	5050
	4175

	1990
	1.59
	2.52
	148
	1.78
	1.74
	86.35
	7692
	6642

	1991
	1.58
	2.55
	159
	1.89
	1.84
	91.35
	5883
	5374

	1992
	1.58
	2.53
	166
	1.97
	1.93
	96.10
	7456
	7165

	1993
	1.57
	2.52
	168
	1.98
	1.98
	98.27
	9081
	8924

	1994
	1.54
	2.51
	185
	2.10
	2.04
	101.43
	9729
	9868

	1995
	1.54
	2.51
	181
	2.10
	2.10
	104.51
	8746
	9141

	1996
	1.53
	2.51
	191
	2.06
	2.08
	103.38
	8644
	8936

	1997
	1.53
	2.51
	202
	2.02
	2.04
	101.26
	7646
	7743

	1998
	1.53
	2.51
	208
	2.02
	2.02
	100.41
	5498
	5520

	1999
	1.52
	2.50
	216
	2.00
	2.01
	100.00
	3588
	3588


 Source: Own elaboration based on the fleet census of the SGPM and

the crew members statistics from the ISM.
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�The article 2.2. b) of the Council Regulation (EEC) No. 3760/92 defines, for an individual vessel, the fishing effort as the multiplication of its capacity by its activity (number of fishing days in the area where the fishery is located) and, for a fleet, it is defined as the sum of the fishing efforts of all the vessels that take part in the fishery.


�See the Appendix II of the Council Regulation (EEC) No. 685/95.


�Lozano Cabo, L., (1952), pp. 150-151.


�Spanish regulation  (17 June 1999) and Andalusian government regulation (20 September 1999)


�Dirección General de Pesca de la Junta de Andalucía is the General Fishing Directorate which depends on Andalusian regional government. 


�SGPM: Secretaría General de Pesca Marítima, which depends on the Ministry of Agriculture, Food and Fisheries, Spain.


�ISM: Instituto Social de la Marina.


�The most frequent investment varies between 300,000 and 500,000 pesetas. This investment is clearly the cost of  hauling machines which raise the demersal line. 


�For 1986 we have used the fleet list with less than 20 GRT carried out by the SGPM at 31st December 1986, but we have substituted the capacity in GT for the data of the same variable in the fleet census of the SGPM.
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