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Abstract12

Different measures of capacity and capacity utilization (CU) are estimated and examined for the multi-species Danish
Gill-net fleet using a mathematical programming approach—data envelopment analysis (DEA). The potential capacity output
is calculated using an output-orientated measure. CU is assessed using both a partial CU measure, which permits CU to be
assessed relative to each output, and a ray measure. Based on the ray measure, the average CU for the Danish Gill-net fleet
was estimated to be between 0.85 and 0.95. The partial CU measure for cod was determined to be approximately the same
as the overall or ray CU measure, but the partial CU measure for plaice was less than the level of the ray measure, which
indicated that the production of plaice could be increased by a higher proportion than could the production of cod. The optimal
variable input utilization was also estimated. It was determined that, on average, the variable input—number of trips—could
be increased by 27% compared to the optimal level. Results also indicated higher excess capacity for cod and sole than for
other species, which is in accordance with how the fishery developed.
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1. Introduction26

Capacity and capacity utilization (CU) have been27

important concerns for fisheries management. It has28

long been recognized that in an open-access fishery,29

capital levels, harvest capacity, and levels of harvests30

will be sub-optimal. Alternatively, there will be over31

capitalization and excess harvesting capacity. Since32

fisheries in many countries and on the high seas are33
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E-mail addresses: nv@sam.sdu.dk (N. Vestergaard),
dsquires@ucsd.edu (D. Squires), jkirkley@vims.edu (J. Kirkley).

managed using open-access regulations, the control34

of capacity has consequently been on the political35

agenda. Recently, to address these concerns, the Food36

and Agriculture Organization (FAO) initiated an in-37

ternational plan of action on management of fishing38

capacity (FAO, 1999). 39

In the European Union (EU), a Multi-Annual Guid-40

ance Programme (MAGP) has been in force since41

1983. The primary function of the MAGP is to rec-42

ommend adjustments to the size and operation of43

fishing fleets commensurate with the potential har-44

vest levels of the available resources. Since 1987, the45

main instrument to achieve this objective has been46

to withdraw vessels from the fleets. Several reports47

1 0165-7836/02/$ – see front matter © 2002 Published by Elsevier Science B.V.
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(see EEC, 1992) have pointed out that the reduc-48

tion in the size of the EU fleet, on average, must be49

at least 40% in order to match the fleet capacity to50

the availability of the resource. However, these sug-51

gestions were based on only biological considera-52

tions.53

This paper presents an analysis and examination of54

capacity and CU in the multi-species Danish gill-net55

fishery. The analysis is based on data envelopment56

analysis (DEA), which is a mathematical program-57

ming approach. Multi-species fisheries characterize58

many, if not most, of the world’s most important fish-59

eries. The paper is organized as follows.Section 260

discusses the major issues of defining and measuring61

capacity in fisheries;Section 3discusses the empirical62

methodology used to estimate capacity and CU in the63

Danish gill-net fishery;Section 4discusses the gill-net64

fishery and the data used for the analysis;Section 565

summarizes the results and provides additional com-66

mentary on the estimates, andSection 6provides a67

summary and conclusions.68

2. Capacity and CU in fishing industries69

In simple terms, capacity may be defined as the70

ability of a firm or industry to produce a potential71

output. There are two distinct measures of capacity, a72

technical-economic measure and a strictly economic73

measure (Morrison, 1985a). What distinguishes the74

two notions of capacity is how the underlying eco-75

nomic aspects are included to measure capacity. With76

the technical-economic measure, also referred to as a77

technological-economic measure, no economic behav-78

ioral objective is explicitly assumed. Under the pure79

economic measure, the capacity output is defined as80

the output that is consistent with the output level that81

optimizes the behavioral objective of the firm. CU, re-82

gardless of the concept of capacity, is then the ratio83

of output to capacity output (Morrison, 1985a). Färe84

et al. (1989), however, argue that a more appropriate85

measure of CU is the ratio of the technically efficient86

output level to the capacity output level.1 This latter87

1 Technical efficiency occurs when firms or vessels produce the
maximum output attainable for a given set of inputs, given the
state of technology, environmental conditions, and in fisheries, the
resource stock.

concept has become increasingly used as the measure88

of CU. 89

The most common economic measure of capacity90

output assumes cost minimization of exogenous or91

predetermined output and is the output level corre-92

sponding to the tangency between the short-run and93

long-run average cost curves (Cassels, 1937; Klein, 94

1960; Berndt and Morrison, 1981; Morrison, 1985a). 95

Berndt and Fuss (1989)and Segerson and Squires96

(1990)extended the notion of capacity from a single97

output to multiple outputs.Morrison (1985b), and 98

Fousekis and Stefanous (1996)extended the static 99

(single period) concept of capacity to a dynamic100

(multi-period adjustment of the capital stock) concept101

of capacity. Squires (1987), Segerson and Squires102

(1993) and Fousekis and Stefanous (1996)extended 103

the concept of capacity for when the firm or vessel’s104

behavioral objective is profit-maximization.Segerson 105

and Squires (1993, 1995)andFäre et al. (2000)pro- 106

vide a revenue-based economic concept of capacity107

for a multi-product firm, which requires information108

on revenue and output prices. This revenue-based109

concept has not yet been sufficiently empirically es-110

timated and examined, and therefore, its usefulness111

remains uncertain as a measure of capacity. For most112

fisheries, the economic concept of capacity cannot113

be assessed because the necessary economic data are114

rarely available. 115

In contrast, the technological-economic measure116

can be calculated even when economic data are un-117

available. In fact, the technological-economic mea-118

sure is the most widely used concept of capacity.119

The United States Federal Reserve and the United120

States Department of Commerce routinely assess the121

technological-economic measure of capacity. The122

Department of Commerce conducts an annual survey123

of manufacturing plants in which plant managers are124

asked about the likely potential maximum production.125

It is a technological-economic measure because it126

represents the potential maximum output for a plant127

conditional on prevailing output and input prices and128

demand conditions. No explicit economic optimizing129

behavior is assumed for the plant or firm. 130

The technological-economic measure is a concept131

of capacity offered byJohansen (1968, p. 68), who de- 132

fined capacity as, “. . . the maximum amount that can133

be produced per unit of time with existing plant and134

equipment, provided the availability of variable fac-135
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tors of production is not restricted”.2 This concept of136

capacity conforms to that of full-input utilization (i.e.,137

maximum utilization of the variable inputs given the138

fixed factors of production) on a production function,139

with the qualification that capacity represents asus-140

tainable maximum level of output (Klein and Long,141

1973). The Johansen concept of capacity, however,142

was unbounded. The technological-economic measure143

was initially offered byFäre (1984)and is a weaker144

version of the Johansen measure because output or145

production is bounded by the fixed factors of produc-146

tion.147

In the context of fisheries, this weaker concept of148

the Johansen measure of capacity corresponds to the149

maximum catch a vessel can produce if inputs are150

fully utilized given the biomass, the fixed inputs, the151

age structure of the fish stock, and the present state152

of technology. This concept of capacity output can-153

not equal the output level that can be realized only at154

prohibitively high cost of input usage, and hence, is155

economically unrealistic. The capacity output is mea-156

sured relative to the observed best-practice frontier157

(i.e., based on observed points) and based on observed158

input and output levels. It is, therefore, not an absolute159

technically derived number based on an engineering3160

notion of maximum possible catch; instead, the ob-161

served input and output levels reflect changes induced162

by economic behavior of firms. That is, the observed163

best-practice frontier is established by the existing fleet164

and implicitly reflects economic decisions made by165

vessel operators.166

The decision to maintain a given level of capac-167

ity or vessel size is a long-run decision based on ex-168

pectations about future production possibilities (e.g.169

resource stock, environmental conditions, and regula-170

tion), and input and output prices. Capacity output is171

determined relative to a given point in time fixed, and172

hence, is a short-run concept. This is consistent with173

the definition offered by Johansen (Prochaska, 1978).174

CU is also a short-run concept, since current output or175

2 Klein and Long (1973, p. 744)state that, “Full capacity
should be defined as an attainable level of output that can be
reached under normal input conditions—without lengthening ac-
cepted working weeks, and allowing for usual vacations and for
normal maintenance.” In addition,Färe (1984)developed a formal
proof of the existence for Johansen’s definition of capacity.

3 Which means what is possible to produce if the vessel is
working at maximum physical load.

production can be adjusted given changes in input and176

output prices, but only subject to fixed inputs and the177

available technology. Over the long run, there is not a178

capacity problem in most industries, because the firm179

adjusts its capital stock and production level to the ap-180

propriate levels and all available inputs are utilized in181

terms of their most effective long-run equilibrium lev-182

els. However, in open-access fisheries, because of the183

“Tragedy of the Commons,” excess capacity is gen-184

erally expected in which the firms or vessels collec-185

tively, as the fleet, tend to harvest a level of catch that186

exceeds the sustainable long-term target level and the187

fish stocks tend to become overfished. 188

In the case of fisheries, the concept of capacity189

needs to address several specific issues.4 An addi- 190

tional issue for fisheries, as compared to many other191

industries, is that the fishermen harvest from a fixed192

pool of resources where nature limits production193

and the individual fisher’s ability to control catches194

(Prochaska, 1978). Measuring capacity in a renewable195

resource industry is, therefore, more complicated than196

measuring capacity output in a more “conventional”197

industry because the measure must be conditional198

upon the resource stock. The production technology199

for a fishery is stock-flow, in which inputs are ap-200

plied to the resource stock to yield a flow of catch201

(output). Hence, if the capacity output is measured202

over a time period, the measure must reflect changes203

in the resource stock as well as changes in the capital204

stock. 205

Resource abundance and availability, however, may206

vary because of unexpected or seasonal changes in en-207

vironmental conditions. If output or production levels208

vary seasonally or change because of extremely un-209

usual environmental changes, capacity measures need210

to incorporate and recognize these changes. 211

Many fisheries throughout the world involve pro-212

duction of more than one output. Hence, multi-product213

or multi-species production is likely to be the norm214

rather than the exception (Clark, 1985), and any em- 215

pirical method for estimating and assessing capacity216

must be able to account explicitly for multiple outputs.217

Another issue important for determining a method for218

assessing capacity in fisheries is the mobile nature of219

the vessel. Vessel operators may often switch from220

4 For an overview of capacity in fisheries seeKirkley and Squires
(1999).



U
N

C
O

R
R

E
C

TE
D

 P
R

O
O

F4 N. Vestergaard et al. / Fisheries Research 1445 (2002) 1–12

one fishery to another during a given period of time,221

or from one period to another.222

The ability to change fisheries raises complex issues223

about aggregating measures of capacity for different224

fisheries. That is, what level of aggregation should be225

considered when assessing capacity output? The level226

of aggregation determines the outcome of the analy-227

sis. A high level of aggregation including all fisheries228

within the year of the whole fleet shows the overall229

level of capacity and CU. However, the problem is that230

there may be fisheries with very high CU and fisheries231

with low CU that can counterbalance so the combined232

CU result is not alarming. The fisheries with high-low233

CU are typically high value fisheries, and hence, the234

most important economically. If the fisheries are tech-235

nologically distinct, they may be treated separately.236

In open-access fisheries, in which the access to each237

single fishery is not excluded, a problem called latent238

capacity might arise. This problem has its origin in the239

fact that the fishing effort can change allocation be-240

tween the fisheries during the season. A fishery with241

a high CU might in the next period have a low CU242

because of incoming vessels resulting in other fish-243

eries having a high CU, all things equal. An assess-244

ment of the excess capacity in this kind of fishery has245

to take the regulation into account. A decommission-246

ing scheme oriented towards reducing capacity in a247

fishery with both high- and low-valued species, there-248

fore, may subsequently only reduce the capacity of the249

low-valued components, while not effectively reduc-250

ing capacity relative to the high-valued species.251

3. Empirical methodology252

The methodology used in this paper to empirically253

estimate and assess capacity is DEA. The DEA ap-254

proach is a mathematical programming technique for255

which an optimal solution is determined given a set256

of constraints. The approach has been widely used to257

find the technical efficiency of firms (Charnes et al.,258

1994). This approach can also be used to measure ca-259

pacity and CU followingFäre et al. (1989, 1994). The260

approach readily incorporates multiple output and in-261

put technologies.262

Färe et al. (1989)demonstrated that an output-263

oriented measure of technical efficiency could be264

used to estimate the capacity output and optimum265

variable factor usage. An output-oriented measure of266

technical efficiency determines the maximum possi-267

ble expansion of outputs (i.e., the frontier production)268

with no change in the fixed factors of production.269

The frontier or best-practice technology is a refer-270

ence technology or production frontier that depicts271

the most technically efficient combination of inputs272

and outputs. The production frontier is formed as273

a non-parametric, piece-wise, linear combination of274

observed best-practice activities. 275

Under theFäre et al. (1989)framework, only the 276

fixed inputs are bounded at their observed level, al-277

lowing the variable inputs to vary and be fully utilized.278

This is slightly different from the concept offered by279

Johansen, because it explicitly allows the fixed factors280

to restrict output. The approach provides a scalar mea-281

sure or efficiency score,θ∗
1 , that indicates the percent-282

age by which the production of each output of each283

firm may be increased (i.e., the score measures the dis-284

tance between the observed output and the frontier). If285

the solution is 1.25, the capacity output is 1.25 times286

the observed output. The CU is then simply 1/1.25 = 287

0.8. The DEA approach also provides the optimal uti-288

lization rate of variable inputs,λ∗
jn, or the utilization of 289

the variable inputs required to produce at full capacity290

output. 291

Estimation of capacity output may be obtained by292

solving a mathematical or linear programming prob-293

lem. Initially, designate the vector of outputs asu and 294

the vector of inputs byx. There arem outputs,n in- 295

puts, andj firms or observations. Capacity output and296

the optimum or full input utilization values require297

solving the following equations: 298

Max
θ,z,λ

θ1 299

subject to 300

θ1ujm ≤
J∑

j=1

zjujm, m = 1, 2, . . . , M,
301

J∑

j=1

zj xjn ≤ xjn, n ∈ α,
302

J∑

j=1

zj xjn = λjnxjn, n ∈ α̂,
303
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zj ≥ 0, j = 1, 2, . . . J,304

λjn ≥ 0, n ∈ α̂,305

wherezj is the intensity variable for thejth observa-306

tion; θ1 the technical efficiency score or the proportion307

by which output may be expanded when production308

is at full capacity; andλ∗
jn the ratio of optimum use of309

input xjn to observed input use ofxjn.310

Capacity output is then determined by multiplying311

θ∗
1 by actual production. CU, based on observed out-312

put, may be calculated as follows:313

CU(observed) = u

θ∗
1u

= 1

θ∗
1314

This measure provides a ray measure of capacity out-315

put and CU in which the multiple outputs are expanded316

in fixed proportions relative to their observed values317

(Segerson and Squires, 1990). The ray measure con-318

verts the multiple-output problem to a single-product319

problem by keeping all outputs in fixed proportions.320

This ray measure corresponds to aFarrell (1957)mea-321

sure of output-oriented technical efficiency due to the322

radial expansion of outputs.5323

Färe et al. (1994)noted that this ray CU measure324

may be biased downward, because the numerator in325

the CU measure, the observed outputs, may not be326

produced in a technically efficient manner. A techni-327

cally efficient measure of outputs may be obtained by328

solving a problem where both the variable and fixed329

inputs are constrained to their current levels. The330

outcome (which can be calledθ∗
2 ) shows the amount331

by which production can be increased if production332

is technically efficient. The technically efficient com-333

bination of outputs, conditional on observed input334

levels, may be determined by solving another linear335

programming problem, which is similar to the capacity336

problem:337

Max
θ,z

θ2338

subject to339

θ2ujm ≤
J∑

j=1

zjujm, m = 1, 2, . . . , M,
340

5 A non-radial expansion of outputs would correspond to
Koopmans (1951)notion of technical efficiency.

J∑

j=1

zj xjn ≤ xjn, n = 1, 2, . . . , N,
341

zj ≥ 0, j = 1, 2, . . . , J. 342

The technically efficient output vector is calculated by343

multiplying θ∗
2 by observed production for each out-344

put. The technically efficient or “unbiased” ray mea-345

sure of CU is then the following: 346

CU(efficient) = θ∗
2u

θ∗
1u

= θ∗
2

θ∗
1 347

The output-oriented measure can be used in several348

ways. For each vessel, the capacity output is deter-349

mined. Summing over vessels by given criteria (e.g.350

regional or gear-type) the necessary number of ves-351

sels can be found where the total reach some spec-352

ified target (e.g. total allowable catch, TAC). In the353

multi-species case, this can be done for each species.354

We stress, however, that summing over each vessel355

presents a lower bound for the industry or fleet level356

of capacity (i.e., the industry or fleet level of capacity357

is greater than or equal to the sum of the vessel levels358

of capacity). 359

The variable input utilization outcome,λ∗
jn, mea- 360

sures the ratio of optimal use of variable input to361

observed use; the optimal variable input usage is the362

variable input level which gives full technical effi-363

ciency at the full capacity output level. If the ratio of364

the optimal variable input level to the observed vari-365

able input level exceeds (falls short of) 1.0 in value,366

there is a shortage (surplus) of theith variable input 367

currently employed and the firm should expand (con-368

tract) use of that input. 369

3.1. Second-stage analysis 370

Several external factors not included in the analy-371

sis might influence the CU scores.Coelli et al. (1998) 372

suggest a second-stage analysis, where the scores ob-373

tained by the DEA analysis in the first stage are re-374

gressed on variables that are expected to influence the375

scores. Using the results from the second-stage re-376

gression, the efficiency scores can be adjusted. In the377

case of a fishery, the variables could be season, size378

of vessel, home port, etc. In our case of the Danish379

Gill-net fleet, where only 1 year is included and also380
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the vessels are relatively equal in size, only the port381

is included in the second-stage analysis. Capacity and382

CU might, however, vary widely by port, which in383

turn reflects differences in institutional practices, re-384

source availability and abundance, and market condi-385

tions (Squires and Kirkley, 1996). This variation in386

capacity and CU can be evaluated using a Tobit anal-387

ysis. Tobit analysis accounts for censoring of the ca-388

pacity measure at zero and of CU measure at both zero389

and 1. The capacity and CU measures regressed upon390

port dummy variables, without an intercept, gives a391

one-way analysis of variance with 5−1 = 4 degrees of392

freedom when the null hypothesis of equal coefficients393

between all port dummy variables is applied. The394

model we consider for the Tobit regression for CU is as395

follows:396

CU =
5∑

i=1

αiDi
397

wherei indexes individual ports and 5 denotes the total398

number of ports. The null hypothesis of equal CU for399

all ports isH0: αI = · · · = αi = · · · = α5. With a Tobit400

regression, the appropriate test of the null hypothesis401

is the Wald test with aχ2 distribution with 4 degrees402

of freedom. If the null hypothesis is rejected, then a403

sequence of other tests is needed where the ports are404

compared in pairs. With five different ports the number405

of pairs will be 10.406

3.2. Partial capacity measures407

Several measures permitting non-radial or non-pro-408

portional changes in outputs have been developed,409

e.g. Russell (1985)and Zieschang (1984), but they410

have not, so far, been used to estimate capacity. Par-411

tial CU measures developed bySegerson and Squires412

(1990) in the parametric case are here applied in the413

non-parametric framework. A partial CU approach414

varies only a single output. All other outputs are held415

fixed at their actual levels. The partial measure can416

be seen as the first stage in the asymmetric Färe effi-417

ciency measure (Färe et al., 1983) adjusted to the case418

of capacity. A partial CU measure is defined as the419

observed output level divided by the capacity level of420

the output of concern given the actual output levels421

of all other products and fixed factor. The numerical422

value of this CU measure will vary across products423

so it is not unique for a given firm. The partial CU424

measures might indicate that the degree of over cap-425

italization in the fishery can vary considerably across426

products (Segerson and Squires, 1990). There may be 427

more excess capacity or higher rates of CU in the428

fishery of one species than another. The stocks in the429

North Sea are managed on a species-by-species ba-430

sis. For species that are closer to full partial CU (i.e.,431

close to 1) or have lower levels of excess capacity, the432

future demand for that species is likely to be of more433

importance in determining the future expansionary or434

contractionary forces in the fishery than is the demand435

for the species with lower CU or higher excess capac-436

ity. The partial CU measure is estimated for cod and437

plaice, since these are the most important species in438

the fishery. The partial CU for a given firm and species439

is as follows: 440

CU(partial) = 1

θ∗
3 441

whereθ∗
3 is the score obtained by solving the following442

DEA-problem: 443

Max
θ,z

θ3 444

subject to 445

θ3uj1 ≤
J∑

j=1

zjuj1,
446

ujm =
J∑

j=1

zjujm, m = 2, . . . , M,
447

J∑

j=1

zj xjn ≤ xjn, n ∈ α,
448

zj ≥ 0, j = 1, 2, . . . , J, 449

where species 1 is the species for which the partial450

measure is found. 451

4. The Gill-net fleet and fishery—background 452

and data 453

The Danish fisheries are normally divided into hu-454

man consumption and industrial fisheries. The human455
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consumption fisheries, which comprise many fisheries,456

are defined as those where no species are landed for457

industrial purpose. The industrial fisheries are fisheries458

where some of the species are landed for industrial459

purpose (processing of meal and oil), meaning that460

species caught in these fisheries can also be landed for461

human consumption. The human consumption fish-462

eries are, in general, multi-species fisheries (i.e., more463

than one species is caught in one setting of the gear464

or in one trip). In several of the fisheries, different465

gear types (e.g. trawl, gill-netters, Danish Seiners) are466

used.467

A large part of the Danish human consumption fleet468

is multipurpose, which can participate in several fish-469

eries during the year, including industrial fisheries.470

Relative prices between species and inputs, regula-471

tory constraints, production costs, biological condi-472

tions, and change in seasons are factors that deter-473

mine the choice of fishery. The gill-netters participate474

in the mixed human consumption fishery harvesting475

roundfish and flatfish in the North Sea and Skagerrak.476

The catch composition varies over the year and be-477

tween fishing grounds. The gears involved are trawl,478

gill-net, and Danish Seine. The target species also479

varies over the year and according to the gear type480

used; however, cod, haddock, saithe, plaice, and sole481

are the main species, with cod being the most impor-482

tant. Nearly all the gill-netters participate in the fishery483

in the North Sea and about half of them also partici-484

pate in the Skagerrak fishery. Only a few gill-netters485

take part in the fishery in Kattegat and the Baltic486

Sea.487

4.1. The regulation and the regulatory process488

The EU council annually determines the TAC for489

quota species in the exclusive economic zones (EEZs)490

of the EU member states. A fixed scale (called the491

principle of relative stability) divides the TACs among492

the member states into national quotas. The mem-493

ber states then decide the distribution of their respec-494

tive national quota among fishermen. Since there is495

no banking of national quotas, the member states de-496

sign the regulation to ensure full utilization of their497

quotas.498

The Danish regulation of the fishery for cod, had-499

dock, saithe, and sole is based on the Danish share of500

the TAC’s divided into quarterly total quotas for the501

whole fishery, which in turn are divided into rations502

for a given period,6 in some cases depending on the503

size of vessels. The number of participating vessels,504

however, is not regulated for these fisheries. During505

a given time period, therefore, rations can decline or506

the ration period can be shortened. If the Danish quota507

for a species is caught before the end of the year, the508

fishery is simply closed.7 509

In the beginning of the year, the Danish Ministry510

of Fisheries sets both the size of the quarterly quotas511

and rations based on the experience from former years512

and based on the size of the total Danish quota. Over513

the year, the Ministry closely monitors the fishery by514

recording all catches, and if necessary the regulation515

is changed, so that the quota is not exceeded. The516

purpose of the regulation is, in general, to achieve a517

better distribution of the fisheries over the year and a518

better utilization of the Danish quotas compared to a519

free fishery of the quotas. The regulatory instruments,520

quarterly quotas and rations, are used to stretch out521

the fishery over the whole year. In summary, it can be522

concluded that the cod and saithe fishery in all four523

areas has been constrained by the limited TAC. Sole524

has been constrained in the North Sea. The TAC for525

plaice in the Skagerrak was exploited over 90%, but526

there was no regulation. 527

Access to the Danish fisheries is restricted. To528

achieve an entry right, two authorizations are needed,529

one, recognition as a commercial fisherman and two,530

a vessel license, where recognition is a necessary531

condition for the vessel license. A vessel license can532

be obtained only if corresponding capacity leaves the533

fishery. 534

Only with permission from the Ministry is an ex-535

tension of the existing number of vessels allowed. For536

the purpose of management, capacity output has been537

assumed to be related to a number of physical inputs538

used by the vessel. The inputs are GRT, length, width,539

depth, hold capacity, and engine power. However, the540

relationship between these physical measures of ca-541

pacity and capacity output of vessels is not straightfor-542

ward, and capacity can be increased through changing543

the combination of these inputs, or through changes544

6 It is possible in a number of cases for the fishermen to transfer
ration from one period to the next.

7 Sometimes a fishery is closed if the quarterly quota is caught.
The fishery opens again at the start of the next quarter.
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in other inputs not included in the management defi-545

nition of physical capacity.8546

The primary purpose of the regulations is to har-547

monize the total capacity of the fleet to the resource548

stock conditions. Regulation of the total existing ca-549

pacity is based on control of the physical inputs re-550

lating to the capacity of the individual vessels. This551

system can regulate the individual vessels, but cannot552

control the total fishing effort, because the access to553

each fishery, in general, is non-regulated. The most554

economically attractive fisheries will attract effort and555

each fisherman will try to use his ration first, because556

once the quarterly quota is exhausted, the fishery is557

closed. The conclusion is that the overall limited ac-558

cess to the Danish fishery and limited possibilities to559

extend the existing capacity will not reduce the over560

capacity in the most profitable fisheries, although the561

effort in the least attractive fisheries may be reduced.562

From the point of efficiency, the result is that too much563

effort is attracted into certain fisheries. Therefore, the564

situation emerges where the overall capacity problem565

is solved on the sector level but not in all fisheries.566

4.2. Data567

Data necessary for analyzing capacity output and568

CU were available only for gill-net vessels larger than569

20 GRT. As a consequence, the analysis was limited570

to 69 vessels (i.e., only those vessels larger than 20571

GRT). Available data pertained to trip-level data and572

vessel operations during 1993, and consisted of the573

following information: (1) the volume and value of574

the landed catch of each of the following species: cod,575

haddock, saithe, plaice, sole and other species (added576

together); (2) the month of landing; and (3) the fishing577

area.578

The trip information allows for a division of the579

annual fishery activity based on month and area. The580

gill-netters participate only in the mixed human con-581

8 Equating the capital stock (physical inputs such as vessel
size and engine power) to capacity implicitly assumes a linear
relationship between the capital stock and capacity. In general,
these coincide only if there is but one fixed input or stock of
capital, all variable inputs are in fixed proportions to the fixed
input, production is characterized by constant returns to scale (a
1% increase in all inputs, both variable and fixed, increases catch
by one percent) (Berndt and Fuss, 1989). In fisheries, there is an
added condition, that of a constant fish stock(s).

sumption fishery in the North Sea and Skagerrak,582

which can probably be divided into several different583

fisheries; given the available data, however, it is not584

possible to precisely further divide the fishery into585

other fisheries. 586

There is no information available about the length587

of the trips,9 and hence, no information on the variable588

inputs per trip was available. It was decided to aggre-589

gate the trip-level information to annual activity per590

vessel. For each vessel, therefore, the total landings591

(output) and the number of trips (representing variable592

input), together with information on the KW and GRT593

(representing fixed factors or the capital stock), were594

used in the analysis.10 595

5. Results and discussions 596

Of the 69 Danish gill-net vessels, 36 (38) vessels597

had a (ray) CU based on technically efficient produc-598

tion (CU based on observed production) less than 1599

(Fig. 1). Nearly 2/3 (43 vessels out of 69) of the fleet600

had a CU higher than 0.9, while 10 vessels had a CU601

less than 0.8. Using the CU measure based on ob-602

served output shows that 40 vessels had a CU higher603

than 0.9 and 20 vessels had a CU less than 0.8. The604

average CU was 0.92 (0.88) with a standard deviation605

of 0.11 (0.16) (Table 1). These CU values illustrate606

that a minor, but significant part, of the gill-net fleet607

had relatively low levels of CU. These results are in608

accordance with those obtained inVestergaard (1998), 609

where the gill-net was shown to be more efficient than610

other types of gear in the Danish human consumption611

fishery. 612

The second-stage analysis sought to determine613

whether or not the homeport might explain some of614

the variance in CU-scores. Of the 69 vessels, 48 were615

from the port of Hvide Sande. Of these 48 vessels,616

30 had a CU less than 1. The observation that 30 out617

of 48 vessels from the port of Hvide Sande had a CU618

score less than 1 suggests that this fleet may have619

more excess capacity than the rest of the fleet. The620

9 Since the fisheries in question are human consumption fisheries,
where the trip length varies between 1 and 5 days, it is not assumed
that the use of trips instead of number of days will give biased
results when looking at similar vessels.
10 Because of the lack of better data on the variable inputs, the

relatively homogenous vessel group of gill-netters was selected.
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Fig. 1. Distribution of capacity utilization scores.

Table 1
Average CU, variable input utilization, number of vessels with CU equal or different to 1a

CU(observed) CU(efficient) VIU CUcod CUPlaice

Average (standard deviation) 0.88 (0.16) 0.92 (0.11) 1.27 (0.39) 0.93 (0.15) 0.85 (0.28)

NR with CU = 1 31 33 57 50
NR with CU < 1 38 36 12 19
NR with VIU = 1 31
NR with VIU < 1 2
NR with VIU > 1 36

a CU: ray CU; VIU: variable input utilization; Cucod and Cuplaice: partial CU of cod and plaice, respectively.

result of the test of the null hypothesis that CU was621

equal for all ports could not be rejected (aχ2 value of622

8.19 with a probability of 0.085), at the significance623

level of 5%.624

The distribution of the variable input utilization625

rates had the same pattern as the CU rates (Fig. 2).626

About half of the vessels could increase the use of627

variable inputs, although doing so would increase out-628

put by only one-half the difference between observed629

output and capacity output (Table 2). On average, the630

variable input utilization rate is 1.27 (standard devi-631

ation is 0.16), indicating that vessels should increase632

the number of trips compared to the optimal number633

of trips by 27% (Table 1) if vessel operators desire to634

operate at full capacity output.635

Capacity output and technically efficient output636

were calculated using the estimated scores obtained637

from the DEA problems. The capacity and techni-638

cally efficient output levels were calculated for each639

species and aggregated to obtain an estimate of ex-640
cess capacity for each species (Table 2). For example, 641
the total fleet production of cod could at full capacity642
have been 651,730 kg higher, which corresponds to an643

Fig. 2. Distribution of variable input utilization scores (VIU).
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Table 2
Fleet capacity and CU (gill-netters, Kilo)

Cod Haddock Saithe Plaice Sole Other

Catch 4,369,095 123,121 412,577 1,566,142 268,426 1,227,071
Technical efficient output 4,617,355 125,389 426,275 1,644,746 285,472 1,279,219
Capacity output 5,020,825 132,631 451,611 1,764,363 314,116 1,375,729
Excess capacity 651,730 9,510 39,033 198,221 45,690 148,658
Excess capacity (%) 14.9 7.7 9.5 12.7 17.0 12.1
Ray CU(observed) 0.87 0.93 0.91 0.89 0.85 0.89
Ray CU(efficient) 0.92 0.95 0.94 0.93 0.91 0.93
Partial capacity output 4,777,448 1,883,159
CU(cod), CU(plaice) 0.91 0.83

excess capacity for cod of 15.9%. In total, the excess644

capacity for each species shows fundamentally the645

same results and varies within the same range as those646

on the vessel basis with CUs around 0.85–0.95. Cod647

and sole have the highest excess capacity, which is648

in accordance with how the regulation proceeded this649

year. Surprisingly, saithe has a lower excess capacity650

than plaice, which could indicate that plaice is a more651

important species for the gill-net fleet than saithe.652

Haddock and saithe have the lowest excess capacity.653

The distribution of the partial CU measures for cod654

and plaice shows that a very high share of the vessels655

did not have the ability to increase output (Fig. 3).656
However, the average partial CU for cod and plaice657
was significantly lower than 1. The partial CU and658
the CU (observed) (or CU(efficient)) measure for cod659

Fig. 3. Distribution of partial capacity utilization scores for cod
and plaice.

were not very different on an aggregate basis (Table 2), 660

which indicated that cod was one of the species that661

determined the capacity. For plaice, the situation was662

slightly different. The partial CU for plaice was less663

than both the CU (observed) and CU(efficient), which664

showed that the potential output of plaice was higher665

than both the actual and capacity output. This result666

suggests that the vessels had excess capacity in its667

production of plaice.11 668

Analysis and results were applied to only a single669

year—1993. The measures of capacity, therefore, were670

conditional on the regulatory and resource conditions671

that prevailed in 1993. Changes in these conditions672

might alter the results, which our analysis would not673

depict. As a consequence, the results presented in this674

paper might not be very indicative of capacity output675

levels and CU under different regulatory and resource676

conditions. An additional shortcoming of the approach677

used in this paper to estimate capacity output is the678

deterministic nature of DEA.12 That is, DEA assumes679

all deviations from the frontier are caused by ineffi-680

cient operations, which in fact, some deviations may681

be induced by events beyond the control of the ves-682

sel operator. The use of annual data, however, likely683

11 One reviewer notes that cod and plaice might be harvested
using different fishing techniques. Therefore, if plaice is bycatch
in cod nets this can explain the lower partial CU. However, the
data do not allow for a division into cod and plaice netters.
12 A stochastic approach, the stochastic production frontier, can

be used. However, there are also shortcomings with this approach.
It cannot handle the case of multiple output, unless very complex
stochastic multiple output distance functions are used, and so far
it has not been used to estimate capacity. The stochastic produc-
tion frontier, with out without a multiple output distance function
specification, also cannot handle the case of zero-valued outputs.
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reduces the possibility of attributing deviations from684

the frontier to inefficiency.685

6. Conclusions686

The Danish gill-net fleet exhibits moderate symp-687

toms of over capacity. For the most important species,688

cod, excess capacity is 14.9% and varies between 7.7689

and 17.0% for the other species. There is some poten-690

tial for reducing fleet capacity. On average, the overall691

CU is 0.88, and when measured with technically effi-692

cient production, overall CU is 0.92, with nearly half693

of the vessels displaying a CU less than 1. CU does694

not systematically vary by port.695

The non-radial measure, the partial CU measure,696

indicates how much the production of one output can697

be increased keeping the other outputs (along with the698

fixed factors and resource stock) fixed. For cod, the699

partial CU measure is relatively high, showing com-700

paratively little excess production of cod. The partial701

CU measure for plaice is smaller, indicating compar-702

atively more excess capacity and the possibility to ex-703

pand the production of plaice.704
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