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Abstract 

As recognized by some authors, overcapacity is a problem that generally afflicts small-scale 
fisheries just much as any other. This study aims to estimate fishing capacity, technical 
efficiency, scale efficiency and capacity utilization in a particular segment of the Mediterranean 
small-scale fishery, i.e. the Northwest Sardinian fleet in Italy. To be more precise, our analysis 
was focused on a sample of 30 trawls that operate in the National Park of Asinara coastal 
seawaters. A non-parametric approach using a Data Envelopment Analysis (DEA) model was 
applied to estimate capacity and related measures. Furthermore, capacity and efficiency 
outputs were calculated under two different scenarios.  
 

Keywords: small-scale fleet, fishing capacity, capacity utilization, technical efficiency Data Envelopment 

Analysis  

______________________________________________________________________ 

 

 

1. Introduction 

As well known, many of the fishery resources of the world are currently overexploited. For this 

reason, excess harvesting capacity is universally recognized as a major problem for fisheries 

throughout the world. Since the late 1990s – when the Food and Agriculture Organization of the 

United Nations (FAO) involved capacity issue as a priority into the political agenda - several 

institutional agreements and/or policies have been focused on reducing the overall fleet 

capacity. 
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As highlighted by several authors, in order to manage fishing capacity and to reduce excess 

capacity, policy makers need to first evaluate the level of any overcapacity in a fleet (Kirkley 

and Squires, 2003; Pascoe, 2004; Ward et al., 2004; Ward et al., 2005). It means that 

information about the current and desired levels of capacity assumes a strategic relevance as to 

designee rational management regulations.  

With reference to the European Union (EU), a sustainable balance between resources and the 

fishing capacity is today one of the main objectives of the Common Fisheries Policy (CFP). In 

order to promote this finality, EU introduced the Multi Annual Guidance Programmes (MAGPs) 

where capacity reduction goals are based on a long-term and measured in terms of fishing-

effort; i.e. trough gross tonnage (GT) and engine kilowatt power (Kw) of the vessels.  

Since January 2005, the CFP Reform has removed subsidies for modernisation and renewal of 

the fleet as to discourage an overcapacity increase. Furthermore, the new European Fisheries 

Fund (EFF) grants more attractive premiums into the fishing vessels decommissioning scheme 

and supports equipment and the modernisation of vessels only under reducing-capacity 

conditions 1.  

Remanding to Lindebo (2003; 2005) for more details about capacity policies into the CFP and 

their inefficiencies, it is common opinion that historically CFP measures designed to reduce or 

eliminate overcapacity not achieve their goals because not fully targeted. According to 

Vestergaard (2005) and Lindebo (2005), among the others, a significant cause of this 

inefficiency is that since its institution CFP has focused policies on capacity base reduction. In 

other terms, capacity target has been estimated through the measurement of certain, relatively 

straightforward, physical characteristics of a fleet (GT and Kw). The rationale underlining at the 

basis of this criterion is the supposed linear relationship between fishing mortalities and the size 

of different fleets. In reality, in most fisheries this relationship is not linear due to presence of 

non constant returns of scale (Pascoe, 2004).  

Substantially, CFP does not recognize distinction between capacity base – that is a physical 

measure of capacity – and capacity output, i.e. the maximum potential harvest that can produce 

a fleet if fully utilized. Capacity output is a technical and economic concept that reflects ability 

of vessels to catch fish. Related to this measure is capacity utilization that is the ratio between 

the observed output on capacity output and it could represent a measure of overcapacity in a 

fleet. Not recognizing capacity output and capacity utilization as parameters for calibrate 

reduction capacity policies implies that programmed reduction in capacity (base) could be not 

targeted towards the fleet segments with highest overcapacity.  

                                                
1 These supports serve to improve gear selectivity, fish quality, safety for employers, etc. 



�����������	
����
������������� � � �����	��������������
 !�������
�"�

 

 3 

In the light of these considerations, Vestergaard (2005) affirms that “…understanding the 

measurement and definitions of capacity are necessary conditions for designing an effective 

capacity management plan (pag. 323)”. It means that more research in the field of capacity 

estimation would be useful to better address CFP decisions. 

On the other hand, assessment of capacity cannot be solely sufficient to guide policy to monitor 

excess capacity. Other measurers related to capacity can be useful in order to support policy 

decisions. In the last years, estimation of capacity utilization (e.g., Dupont et al., 2002; Kirkley 

et al., 2002; Kirkley et al., 2003a; Felthoven and Morrison Paul, 2004a), technical efficiency 

(e.g., Kirkley et al., 1998; Alvarez, 2001; Kirkley et al., 2002; Pascoe and Coglan, 2002), scale 

efficiency (e.g., Guyader and Daures, 2005) productivity (e.g, Felthoven and Morrison Paul, 

2004b), and variable inputs utilization rate (e.g., Kirkley et al., 2003b) have been becoming 

research topics among fisheries economists. For example, conjoint estimation of capacity 

utilization and technical efficiency enables to separate out two different effects that could 

contribute to not achieve the potential output: presence of a not fully utilized capacity and 

ability of individual fishers in using inputs in their disposability, respectively. A measure of 

capacity utilization less than one (capacity under-utilization) could represent the existence of 

overcapacity in the fishery, while a measure of technical efficiency less than one reflects a 

certain degree of inefficiency by part of fishers. In other terms, estimation of technical 

efficiency in a fleet consents to catch also the role of farmer’s ability in determining a lack 

between observed and optimal output. 

An important research issue is capacity and efficiency estimation when dealing with multi-

species and small-scale fisheries (Kirkley and Strand, 1988; Alvarez and Orea, 2001; Dupont et 

al., 2002; Kirkley et al., 2002; Felthoven and Morrison Paul, 2004a). Since the fisheries 

economics literature on the theme already contains many capacity analyses on multi-output 

fisheries we shall not give an in-depth discussion about managing multi-product situations 2. In 

this context, our specific attention is focused on modelling small-scale fishing capacity and 

efficiency.  

As recognized by Cunningam and Greboval (2001), overcapacity is a problem that generally 

afflicts small-scale fisheries just much as any other. The ”artisanal” (low revenues) and  high 

labour intensive nature of this activity could generate a latent use of capacity. Indeed, when 

faced with very limited alternative employment, some conditions – e.g., new vessels that 

operate in an open access area – could  leads to reduce the days-at-sea and, therefore, to under-

utilize capacity. Furthermore, often labour represents a non-elastic input as well as capital and 

                                                
2 For more details about literature on multi-outputs capacity and efficiency estimation, see Alvarez and 
Orea (2001).   
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fishers may find it relatively easy to begin fishing, but difficult do leave it. In other cases – 

where profitability is scarce and some employment alternatives exist – small-scale fishers tend 

to do contextually other activities and quickly switch to fishing if economic conditions warrant 

it (Cunningam and Greboval, 2001). It is a consequence that capacity tends to be only partially 

utilized.   

A typical case of multi-output and small-scale fisheries into the EU is represented by the 

Mediterranean fisheries. About 80% of the EU Mediterranean fleet is composed by little vessels 

(length of hull � 12 metres) that practice a multi-specific activity (European Commission, 

2002). Managed prevalently in an artisanal way, however in many Mediterranean areas fishery 

plays an important role into local communities by an economic and social point of view 3.   

On the other hand, despite the weight of Community Mediterranean fisheries, its peculiar 

characteristics and presence of ad hoc CFP instruments for managing excess capacity and 

natural resources, capacity and other related measures have been scarcely investigated in this 

small-scale fleet (Sabatella and Piccinetti, 2004; Coppola et al., 2004; Signorello et al., 2004).  

This study aims to estimate fishing capacity, technical efficiency, scale efficiency and capacity 

utilization in a particular segment of the Mediterranean small-scale fisheries, i.e. the Northwest 

Sardinian fleet in Italy. To be more precise, our analysis was focused on a sample of trawls that 

operate in the National Park of Asinara coastal seawaters.  

A Data Envelopment Analysis (DEA) model was used in order to evaluate 1) what is the 

maximum amount of output that the fleet can produce given available fixed inputs stocks and 

when the variable inputs are fully utilized; 2) the ability of fishers to obtain the best practice 

output from a given set of fixed and variables inputs; 3) the role of scale in conditioning 

technical efficiency; 4) the capacity utilization measure with respect to the observed output 

(biased measure) and to the efficient output (unbiased measure).  

Capacity and efficiency outputs are also calculated taking into account an hypothetic scenario in 

which vessels would utilize the maximum number of days-at-sea allowed by Sardinian 

regulations and by climatic and other conditions not under fishers control.  

Section 2 provides to briefly recall definitions of capacity and its some related measures. 

Section 3 illustrates the DEA model utilized in the analysis. Section 4 is focused on description 

of collected data and on used variables. Results and discussion are reported in Section 5, while 

some concluding remarks are illustrated in Section 6   

 

 

                                                
3 Many of the regions individuated by EU as strongly dependent on fishery are sited in the Mediterranean 
basin (European Commission, 2000).  
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2. Definition of capacity and related measures. 

In 1999, the FAO organized an international technical conference in Mexico to discuss methods 

for the measurement of fishing capacity. The meeting was concluded with implementation of 

the International Plan of Action for management of Fishing Capacity in which capacity was 

defined as: “…the maximum amount of fish over a period of time (year, season) that can be 

produced by a fishing fleet if fully utilized, given the biomass and age structure of the fish stock 

and the present state of the technology” (FAO, 2000).  

Substantially, FAO (2000) definition is equivalent to the definition provided by Johansen’s 

(1968) about capacity in an production system, intended as “…the maximum amount that can be 

produced per unit of time with existing plant and equipment, provided the availability of 

variable factors of production is not restricted” (Johansen, 1968: p. 52) 4. According to this 

definition, capacity reflects fishers ability to produce the maximum output with constraints in 

terms of the resources stock, technology and use of fixed inputs (Kirkley et al., 2002). Thus, 

capacity is a short run concept because measures can change with stock fluctuations in a stock-

flow production technology 5.  

 

Capacity utilization is a primarily and output-oriented measure determined as the ratio between 

the observed output to the potential output (or capacity output, i.e. the output attainable by fully 

utilization of inputs). Consequently, it represents the proportion of available capacity that is 

utilized by a fleet (Morrison, 1985; Kirkley and Squires, 2003; Kirkley et al. 2003a,b). Using 

the capacity definition reported above, capacity utilization cannot exceed unity (with full 

capacity equal to one). It implies that a value less than one indicates that trawls have the 

potential for greater production without having to incur major expenditures for new capital or 

equipment. As underlined by Pascoe (2004), capacity under-utilization can be taken as a 

“rough” indicator of problems of excess capacity in fisheries, because it may imply existence of 

excess capacity 6. 

 

                                                
4 Kirkley and Squires (1999) provide a discussion and listing of various approaches on capacity in 
fisheries.   
5 Because of its inherent nature, capacity reduction programs may be needed in the short run to control 
harvesting capacity, but they could not be fully functional to regulate excess capacity in a long run 
perspective (Ward et al, 2005). In a long run, presence of market incentives could force fishers to adjust 
their use of inputs to eliminate excess capacity. On the contrary, in a short run, capacity reduction 
measures are useful for eliminating overcapacity because of market does not provide the financial 
incentives aimed to induce fishers to alter their production process.  
6 Nevertheless, as already explained, normally excess capacity has to be considered in a long run 
perspective.  
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By an output-oriented perspective, technical efficiency is defined as the measure of the ability of 

a vessel to obtain the best production from a given set of inputs subject to the production 

technology, resource levels, weather conditions, and other technological constraints (Kirkley et 

al., 1998; Pascoe and Coglan, 2002). The difference with respect to the capacity definition is 

that efficiency output is the maximum amount of output given a constrained disposability of 

both fixed and variable inputs 7.  

 

Finally, variable input utilization rate measures the ratio of optimal variable input usage (i.e., 

the level that gives full technical efficiency) to actual variable input usage (Kirkley et  al., 

2003b).  

 

3. Methodology   

A multi-output and non-parametric approach using a Data Envelopment Analysis (DEA) model 

was applied on the collected data.  

DEA is a non-parametric approach to estimate efficiency originally proposed by Charnes et al. 

(1978) and based on the Farrell’s model (1957). It consents the estimation of efficiency in 

multi-output situations and without assuming a priori functional form for frontier production 

(Roland and Vassdal, 2000). Solving a linear programming problem, DEA calculates efficiency 

by comparing each production unit against all other units. The best practice frontier is 

represented by a piecewise linear envelopment surface. Therefore, efficiency scores arisen from 

DEA are invariant to technology, because obtained trough comparisons among an observation 

and each others and not with respect to an estimated frontier 8. 

Given the nature of the research question, an output-oriented model was used to estimate 

capacity and efficiency (Alvarez, 2001; Kirkley et al, 2002). 

Adopting the Johansen’s (1968) definition of capacity output, capacity can be estimated by 

partitioning inputs according to whether they are fixed (Fx) or variable (Vx). We assumed that 

are J fishers that produce M outputs.  

The DEA model derives a production frontier for a general technology, with variable factors 

unconstrained but the fixed factors, the state of technology, and environmental parameters 

constraining outputs. In other terms, the model holds fixed inputs constant and determines the 

maximal output that can be produced for any given level of fixed input (ad unconstrained 

variable factors).  

                                                
7 See Juliussen and Vassdal (2000) and Alvarez (2001) for more information about literature on technical 
efficiency estimation in fisheries.  
8 Use of DEA has been individuated as a possible tool to estimate capacity by the FAO (2000) and the 
International Plan of Action for management of Fishing Capacity (Lindebo et al., 2007). 
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Capacity. The linear programming model for capacity (�1) estimation is described as follows 

(Pascoe et al., 2003): 

 

(1)  Max �,z,� �1 
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1
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where �1 is a scalar measure of capacity, ujm is the amount of output produced by vessel j, xjn is 

the quantity of input n used by vessel j, zj is the intensity variable for vessel j, and �jn is the input 

utilization rate by vessel j of variable input n. 

The capacity score (�1 � 1.0) reflects the percentage by which the production of each vessel’s 

output can may be increased. The measure is the reciprocal of an output distance function and, 

therefore, it can be taken as indicator of the distance between the observed output and the 

maximum possible output, i.e. under fully utilization of fixed factors 9. 

The linear programming model (1) describes a production function that operate under constant 

returns of scale (CRS), i.e. assuming that vessels operate on an optimal scale. This would 

assume that there is a linear relationship between inputs and outputs, i.e. a doubling of inputs 

results in a doubling of catches (Lindebo et al., 2007). As already discussed above, in reality we 

have to take into account that in a short run trawls can operate under variable returns to scale 

(VRS).  

Imposing the convexity constraint 1 
1
�

=
=

J

j

j z  to (1), we can calculate a capacity score under a 

variable returns of scale (VRS) hypothesis (Guyader and Duares, 2005).    

 

                                                
9 For example, a value of 1.30 indicates that the capacity output equals 1.30 times the current observed 
output. 
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Technical efficiency. A technical efficiency score (�2) was obtained considering a frontier 

function with both fixed and variables factors as constrained inputs. Färe et al. (1989) suggest 

that technical efficiency of the firm (boat) j - imposing a constant return of scale (CRS) 

condition - may be obtained as a solution to the linear programming problem: 

 

(2)   Max �,z,� �2 
 

subject to: �
=

≤
J

j

jmjjm  uz  u
1

2    �   m∀  

,    
1

jn

J

j

jnj x uz ≤�
=

  xFn     ∈  

 

,     
1

jnjn

J

j

jnj x� uz ≤�
=

  xVn     ∈  

 
0    j ≥z     j∀  

    
 

The DEA model (2) adds an additional constraint with respect the model (1). Because of the 

nature of linear programming, it implies that if the additional constraint is binding it should 

reduce the value of the solution (i.e, �2 � �1 ).  

Adding the convexity constraint to (2), a VRS technical efficiency can be estimated. 

 

Scale efficiency. Scale efficiency (SE) is calculated as the ratio between the two CRS and VRS 

technical efficiency radial measures (Cooper et al., 2000): 

 

(3)  SE = 
VRSCRS
22

1
/

1
θθ

  =   
VRS

CRS

2

2

θ
θ

    SE  �  1   

 

SE measures the role of scale in conditioning inefficiency. A SE measure close to unity 

indicates that scale slightly affects inefficiency.  

 

Capacity output. As consequence of (1) and (2), capacity output (YC) and efficient output (YTE) 

are equal respectively to:  

 

(4)  YC   =  �1 � u 

(5)  YTE  =  �2 � u 
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where u is vector of output that indicates the observed production (Y). 

 

Capacity utilization. Figure 1 illustrates the observed (Y), efficient (YTE) and capacity (YC) 

production curves. Capacity utilizations (CU) represents the proportion of available capacity 

that is utilized, which is measured by the ratio of actual output to capacity output (Morrison, 

1985). Following this definition a CU measure can be derived as: 

 

(6)  CU  =  
CY

Y
 =  

u
u
  �1⋅  =  

1�

1
   0  �  CU  �  1 

 

 

 

Figure 1 – Actual, Efficient and Capacity production functions 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Y  = observed production (M; Fx, Vx) 

YTE  = production frontier (M; Fx, Vx) 

YC  = variable inputs unconstrained  (M; Fx,) 

 
 

A shortcoming of this measure is that problems that originate in the measurement of YC (e.g., 

measurement errors or distortions due to presence of exogenous variables as such weather), also 

carry over into the resulting CU estimates. According to Kirkley et al. (2002), one way to 

minimize the impacts of these problems is to compute “unbiased” estimates as suggested by 

Färe et al. (1989), as follows: 
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(7)  CU�  =  
CY

YTE  =  
u
u
  �
  �

1

2

⋅
⋅

 =  
1

2

�

�
   0  �  CU�  �  1 

 

that represents the proportion of available capacity that is utilized, if vessels operate under a full 

technical efficient condition (i.e., without technical inefficiency).  

 

Input utilization rate. Finally, the variable input utilization rate (U) measures the ratio of 

optimal variable input usage (best practice frontier) to observed input usage (Kirkley et al., 

2003b): 

 

(8)  U  =  
n

n

x
xTE

      

where TE
nx is the efficient level of usage for input j. The coefficient can exceeds 1.0 in value and 

it implies a shortage of the variable input n currently employed and the fisher should expand use 

of that input. On the other hand, if the ratio is less than 1.0, there is a surplus of the input and 

the fisher should reduce its use.    

 

4. The Sardinian fleet and the data. 

 

4.1 Characteristics of Sardinian small-scale fisheries 

The Sardinian fleet is mostly composed by “artisanal” trawls. More exactly, about 78% of the 

vessels are small-scale boats that operate close to the coastal seawaters (IREPA, 2007). By an 

economic point of view, small-scale fisheries is characterized by a scarce capital endowments, a 

few number of crew by vessel and a not adequate profitability (Idda and Pulina., 2004).  

Despite importance in terms of number of vessels, contribute of this small-scale segment in 

Sardinian fisheries production is not satisfying. Indeed, only the 45% of total fisheries revenue 

is generated from small-scale fleet (IREPA, 2007). On the other hand, in some areas small-scale 

fishery plays a significant role into local communities. In some localities of the Northwest 

Sardinia, for example, a not marginal quota of residents are employed in small-scale activity.  

With regards to the number of annual days-at-sea, generally a day-at-sea corresponds to a trip, 

and each boat practices activity for, on average, 135 annual days-at-sea (Idda et al., 2004).  

Since 1991 (Regional Law n. 25/91) Sardinian Administration has introduced some regulatory 

measures in order to limit the fishing effort. More specifically, Sardinian government has forced 
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fishers to temporary interrupt their activity trough two measures that provide cessation for 160 

days during the year (Idda and Madau, 2004): 

- a continuative and obligatory 45 days temporary cessation (the period can vary in 

accordance to fishing system, nature of the stock, biological and territorial reasons); 

- an interruption of the activity during the weekends (total of 115 days) 10. 

In the light of these measures and of other physiologic interruptions (due to weather, availability 

of work, etc), actually the maximum number of days would amount to about 165-175 for vessel.   

 

4.2 The data 

Analysis is focused on the small-scale fisheries practiced in the National Park of Asinara coastal 

seawaters. The Park is sited in the Northwest of Sardinia and it represents a natural 

environmental area extended around the Asinara island. In this area, the fleet operating close to 

the coasts is totally composed by small-scale boats (55 vessels).  

During the 2003, we carried out a questionnaire survey on 30 small-scale fishers as to obtain 

information about of vessels and activity. Collected data contain information about technical 

characteristics of each vessel, socio and economic characteristics of fishers, accountability data 

and annual catches for each species. As a consequence, despite a few number of observations, it 

enables to describe relationship between (fixed and variable) inputs and outputs. Availability of 

these data -  especially data on capital investments and monetary value of inputs and outputs - 

should permit to (partially) overall one of the most typical problem that affect frontier 

production analysis and capacity and efficiency estimation in fisheries, i.e. the limitation of 

useful economic data directly linked to production function (Kirkley et al., 2003a; Lindebo 

2005).  

The variables involved into the analysis are reported in table 1. 

Seven outputs were involved in the analysis and catches were measured in terms of euros of 

landed fish or other species landed per day-at-sea. According to Alvarez (2001), value should be 

the logical measure for outputs when a multi-output approach is applied in the fisheries. In fact, 

if the basic assumption is that fishers take decisions regarding catch composition, as 

consequence production in capacity and efficiency analysis should be measured in terms of 

value11. On the other hand, as to reduce distortion among observed vessels due to prices 

fluctuations over the 2003, we utilized fixed prices, calculated as the annual average value for 

                                                
10 The temporary cessation program is supported by compensatory aids that serve to reward fishers for 
interruptions. 
11 Alvarez (2001) underlines “The fact that fishers obtain species of different value when they lift the nets 
or line is not very different from the farmer who plants cherries and obtains fruits of different sizes, which 
carry different prices in the market (p. 10)”. 
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each output. However, this procedure appears consistent with assumption of a primal approach 

for estimation of frontier production. 

Fishes are subdivided in four categories according to their inherent product quality. The first 

class involves the most appreciated kind of fishes (e.g., gilthead), while by contrast the fourth 

class regards the worse category by the commercial point of view. The other three outputs 

represent catches of molluscs, crustaceans (except for lobsters) and lobsters, respectively. 

 

Table 1 – Description of analysis variables – Annual values 

Variable  Description Mean Min max 
      

OUTPUTS (7)      

I   Class fishes (euros) Y1 Value of high quality fish 4,256 619 13,802 

II  Class fishes (euros) Y2 Value of medium-high quality fish 3,429 299 18,923 

III Class fishes (euros) Y3 Value of medium-low quality fish 575 205 1,897 

IV  Class fishes (euros) Y4 Value of low quality catch fish 380 17 1,927 

Molluscs (euros) Y5 Value of squids, octopuses, etc  1,628 17 9,429 

Crustaceans (euros) Y6 Value of crayfishes, shrimps, etc. 6,300 12 17,541 

Other species (euros) Y7 Value of lobsters 6,328 26 50,107 

      

FIXED INPUTS (4)      

Length of hull (metres) X
1
 - 99..4466 55..0066   1111..8855   

Gross tonnage (tons)  X
2
 - 55..5599 11..3388   99..9999   

Engine horsepower (HP) X
3
 - 114466..1177 1188   555500   

Fixed capitals on boat 
(euros) 

X
4
 Annual depreciation quote of capital 44,,112288   776600 1177,,449977   

      

VARIABLE INPUTS        

Crew Z
1
 Number of crew  22..0033   11 55 

Nets Z
2
 Annual expenditure for nets 11,,669933..4477   227700 55,,228866 

Fuel Z
3
 Annual expenditure for fuel 33,,006611..7777   224455 1111,,669988 

         

DAYS-AT-SEA   114400..55  7755  117700  

 

Regarding inputs involved in the analysis, the production function was explained by four fixed 

and three variable factors. The formers were represented by the length of the hull (x1),  the gross 

tonnage (x2) and the engine power (x3) of the vessels. Furthermore, we involved also the value 

of the capital (x4) – measured in terms of annual depreciation quote – as to take into account 

also the monetary value of investments on the boats. The variable inputs were defined as the 

number of crew (z1), the expenditure for nets (z2) and the expenditure for fuel (z3).  

In our analysis, days-at-sea is not treated as a variable input, because capacity and efficiency 

estimation was conducted with respect to a single day-at-sea.  
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According to Kirkley and Squires (2003) and Kirkley et al. (2003a), some of the possible 

reasons for the differences in the number of days-at-sea (or trip) among vessels that are 

relatively homogeneous in terms of characteristics derive from factors that are not under the 

control of fisher (e.g., weather). Using a DEA approach, it implies that presence of some 

conditions that obstacle practice could affect capacity estimation for a certain vessel. Capacity 

estimation refereeing to catches and inputs usage for a single day-at-sea would allow to 

overcome this eventual shortcoming.  

For this reason, in a first step, we calculated capacity and efficiency on single day-at-sea and, in 

a second step, we estimated capacity and efficiency output with respect both to: 1) the observed 

number of days-at-sea for each vessel; 2) the maximum possible number of days-at-sea that 

small-scale fishers can make in accordance to Sardinian regulation and other factors.  

In the light of survey responses, the upper limit was fixed at 170 days-at-sea.   

 

5. Results and discussion 

Table 2 reports shows finding about capacity, technical efficiency, scale efficiency and capacity 

utilization arisen from empirical analysis. 

 

Table 2 - Capacity and efficiency measures in the Northwest Sardinian fleet 

  Capacity Utilization (CU)  Capacity 
(�1) 

Efficiency 
(�2) 

Scale Efficiency 
(SE)   biased CU unbiased CU’ 

 

 
CRS 

 
Mean 1.432 1.243 -  0.783 0.908 
 s.d (0.651) (0.386)   (0.219) (0.144) 

 

 
VRS 

 
        
Mean 1.253 1.163 0.901  0.865 0.964 
 s.d (0.531 (0.258) (0.133)  (0.182) (0.109) 
        
  

Capacity and efficiency. Results indicate that estimated capacity is equal to 1.432 and 1.253 if 

measured under CRS and VRS hypothesis, respectively. Since in this study capacity scores are 

calculated as an output-oriented measure, it suggests that vessels could increase, on average, 

catches by about 25.3% if they were operating at full capacity (under a VRS condition).  

As consequence, it means that there is a sensitive room of not utilized capacity in the small-

scale fleet that operate in the National Park of Asinara seawaters. This margin corresponds to 

13.5% (unbiased CU = 0.865). 
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In the short run, this result suggests that the Northwest Sardinian small-scale fleet shows a 

certain degree of overcapacity. Indeed, a CU sensitively less than one should indicate that small-

scale fishers have the potential for grater production (catches) without having to increase 

expenditure for new capital or for enhancing capacity base of their vessel. Estimated 

overcapacity could represent an indicator for the presence of excess capacity in a long-run 

perspective. On the other hand, lack of data on fishing stock in the investigated area does not 

permit to evaluate significance of this risk.     

Technical efficiency amounts to 1.163 (1.243) under VRS (CRS) hypothesis, indicating that 

fishers would be able to increase output by 16.3% (24.3%) with the present state of technology, 

using their disposable variable and fixed inputs more efficiently.   

Biased capacity utilization lies close to full (CU' = 0.964) and it implies that only a slight quota 

of capacity (3,6%) would result not utilized when fishers operate at full efficiency.  

Since the CU scores measured on the actual output and on the best practice output are 

sensitively different, it suggests that technical inefficiency affects significantly capacity.  

 

Table 3 – Single inputs utilization rate 

 Crew Nets Fuel 

U           0.933          0.876            0.932  

d.s.         ( 0.101)         ( 0.195)          ( 0.143)  

 

 

Therefore, improvement of efficiency would move to increase the quota of utilized capacity.  

Regarding this problem, estimation of scale efficiency suggests that achievement of an optimal 

scale should reduce technical inefficiency by about 6% (SE = 0.901).  

Imposing a non-increasing return of scale (NIRS) condition in the DEA model - i.e. changing 

the convexity constraint in the VRS DEA model – we calculated that more that 40% of the 

observed vessels operate in an increasing return of scale area, while the scale would be optimal 

for the 50% of the boats. The good incidence of vessels under increasing return of scale is an 

expected result in a small-scale fishery, but SE score indicates that efficiency in the sample 

depends weakly by this problem.  

Variable inputs utilization rates estimation gives supplementary information about inefficiency. 

As reported in table 3, both Ucrew and Ufuel amount to 0.933, implying that there is a surplus of 

crew and fuel employed by 6.7%.  
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Table 4 – Single outputs VRS capacity and efficiency scores  
 I Class II  Class III Class IV Class Molluscs Crustaceans Lobsters TOTAL 

         

Capacity 
11..118888   11..443399   11..118877   11..226666   11..553311   11..119966   11..222255   11..225533 

s.d. 
((00..222255))   ((00..334488))   ((00..221100))   ((00..228800))   ((00..337700))   ((00..223300))   ((00..225533))   ((00..553311)) 

 
                        

 Efficiency 
11..113300 11..338855 11..114400 11..222200 11..447799 11..118800 11..221177 11..116633 

s.d. 
((00..116633)) ((00..333399)) ((00..118877)) ((00..226633)) ((00..337711)) ((00..221122)) ((00..225555)) ((00..225588)) 

 

 

Table 5 – Observed, efficient and capacity outputs – per single day-at-sea (euros) 
 I Class II  Class III Class IV Class Molluscs Crustaceans Lobsters TOTAL 

         

Observed output 31.76  26.04  4.32  2.80  12.13  42.64  46.92  166.61 

min. 6.50  1.99  1.74  0.23  0.10  0.10  0.21  37.22 

max. 98.59  135.57  14.05  13.76  67.35  135.65  357.91  657.85 

                  

Efficiency output 34.39  30.29  5.04  3.18  13.30  50.46  48.35  185.41 

Min. 6.50  2.26  1.74  0.27  0.18  0.10  0.21  37.22 

max. 98.59  135.57  14.05  13.76  67.35  135.65  357.91  657.85 

                  

Capacity output 36.47  31.57  5.30  3.30  14.09  51.15  48.42  199.32 

min. 6.50  2.26  1.74  0.27  0.18  0.10  0.21  41.72 

max. 98.59  135.57  14.05  13.76  67.35  135.65  357.91  657.85 
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Table 6 – Observed, efficient and capacity outputs – per observed days-at-sea (euros 
 I Class II  Class III Class IV Class Molluscs Crustaceans Lobsters TOTAL 

Observed output 
44,,225566 33,,442299 557755 338800 11,,662288 66..330000 66..332288   1177,,666611 

min. 
661199 229999   220044 1177   1177 1122   2266 33,,994455 

max. 
1133,,880022 1188,,992233 11,,889977   11,,992266   1177,,554411 5500,,110066 6699,,666611 

  
                       

Efficient output 
44,,664444 33,,993344 666622 443322 11,,882233 77,,772222 66..446677 1199,,665533 

min. 
774477   229999 224444 3355 1177 1122 2266 33,,994455 

max. 
1133,,880022   1188,,992233 11,,889977 11,,992266 99,,442299 1188,,998888 5500,,110066 6699,,666611 

  
                        

Capacity output 
44,,889955 44,,336666   770044 445577 11,,991133 77,,881188 77,,115533 2211,,112288 

min. 
774477 333399 224444 3366   2277 1122 2266 44,,442222 

max. 
1133,,880022 1188,,992233 11,,889977   11,,992266 99,,442299 1199,,114499 5500,,110066 6699,,666611 

 

Table 7 – Observed, efficient and capacity outputs – per 170 days-at-sea (euros) 
 I Class II  Class III Class IV Class Molluscs Crustaceans Lobsters TOTAL 

Observed output 
55,,440000 44,,442266 773344   447766 22,,006622 77,,224488 77,,997755 2288,,332233 

min. 
11,,110055 333388 229966 3388 1177   1177 3355 66,,332277 

max. 
1166,,775599 2233,,004466   22,,338888 22,,333399 1111,,444499 2233,,006611 6600,,884444 111111,,883344 

  
                        

Efficient output 
55,,884466 55,,114499 885566 554400 22,,226611 88,,557788 88,,221199 3311,,551199 

min. 
11,,110055 338844 229966 4455 3300 1177 3355 66,,332277 

max. 
1166,,775599 2233,,004466 22,,338888 22,,333399 1111,,444499 2233,,006611 6600,,884444 111111,,883344 

  
                        

Capacity output 
66,,119999 55,,336666 990000 556600 22,,339955 88,,669955 88,,223311 3333,,888844 

min. 
11,,110055 338844 229966 4455 3300     1177   3355 77,,009922 

max. 
1166,,775599 2233,,004466 22,,338888 22,,333399 1111,,444499 2233,,006611 6600,,884444 111111,,883344 
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The surplus of nets is higher than estimated for the former inputs (Unets = 0.876). In other terms, 

fishers should reduce use of that inputs as to improve efficiency.  

 

Capacity and efficiency outputs. Table 4 reports the capacity and efficiency scores for single 

outputs. Findings indicate that fully utilization of capacity should increase catches of each 

output (margin varies form 18,7% of III Class fish to 53,1% of molluscs).  

On the basis of these scores we calculated the capacity and efficiency outputs for a single day-

at-sea (table 5).  

Empirical evidence suggests that the total value of the catches should shift from EUR 166.61 to 

EUR 185.41 per day-at-sea if small-scale fishers were operating using efficiently inputs in their 

disposability. Furthermore, full capacity utilization should increase catches until about EUR 200 

per single day.   

According to our results, small-scale fishers should be able to enhance their annual production 

by about, on average, EUR 2,000 (from EUR 17,661 to EUR 19,653) using efficiently their 

resources and without increasing the number of days-at-sea (as reported in Table 1, the number 

of observed days-at-sea in the sample is equal, on average, to 140.5). Capacity output at annual 

level corresponds, on average, to EUR 21,128, implying a possible growth of catches equal to 

EUR 3,467.  

Multiplying capacity and efficiency scores by the maximum estimated number of days-at-sea 

that fishers can operate in the coastal waters of Northwest Sardinia (170 days-at-sea) we 

obtained a value of capacity and efficiency output that take into account eventuality that each 

vessel can make every day allowed by regional normative and other climatic or not specific 

unforeseen events. In this way, we minimize the risk that capacity output measure can be 

affected by some external factors (not under the control of fishers) that, in a certain time, 

obstacles some fishers to practice activity.     

In this scenario, observed output amounts, on average, to EUR 28,323. Full efficiency could rise 

catches until to 31,519 (+11.2%), while full utilization of capacity should switch catches until to 

EUR 33,884 (+19.4%).  

In our opinion, the last estimated capacity output can be an useful information in supporting 

policy makers in the decision process in order to better calibrate regulatory measures on 

capacity control for small-scale fisheries. Indeed, this measure reflects the maximum output that 

a fleet can produce given certain disposable days-at-sea. Specifically, in the case of Sardinia it 

could serve in a short run to verify efficacy of the temporary cessation measures and, especially, 

to estimate potential capacity output according to different levels of provided day-at-sea 

interruptions.  
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On the other hand, also in the light of these findings, in order to designee efficient policies and 

to address efficiently measures it becomes a priority to individuate the underlying causes that 

are at the basis of overcapacity and inefficiency in the small-scale segment.   

  

6. Conclusions 

The present case study was focused on estimate capacity and efficiency in a segment of the 

Northwest Sardinian small-scale fisheries. Among the others, results arisen from analysis 

suggest that capacity is not fully utilized by fishers and technical inefficiency contributed the 

most to determine a not fully utilization.  

Obviously, this analysis reflects only a case study and more research needs to have good 

information about capacity and efficiency in Sardinia and in the Mediterranean sea, especially in 

order to have more in-depth data for address management regulations.  
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