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Abstract

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.
© 2002 Published by Elsevier Science B.V.
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1. Introduction managed using open-access regulations, the contsol
of capacity has consequently been on the politica

Capacity and capacity utilization (CU) have been agenda. Recently, to address these concerns, the Feod
important concerns for fisheries management. It has and Agriculture Organization (FAO) initiated an in-37
long been recognized that in an open-access fishery,ternational plan of action on management of fishings
capital levels, harvest capacity, and levels of harvests capacity FAO, 1999. 39
will be sub-optimal. Alternatively, there will be over In the European Union (EU), a Multi-Annual Guid-40
capitalization and excess harvesting capacity. Since ance Programme (MAGP) has been in force since
fisheries in many countries and on the high seas are1983. The primary function of the MAGP is to rec-42
ommend adjustments to the size and operation of
"~ Corresponding author. Tel 45-65-504-181; fishing fleets commepsurate with the potential haw
fax: +45-65-504-199. ' vest levels of the available resources. Since 1987, the
E-mail addresses; nv@sam.sdu.dk (N. Vestergaard), main instrument to achieve this objective has been
dsquires@ucsd.edu (D. Squires), jkirkley@vims.edu (J. Kirkley). to withdraw vessels from the fleets. Several reports
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(see EEC, 1992 have pointed out that the reduc- concept has become increasingly used as the measusre
tion in the size of the EU fleet, on average, must be of CU. 89
at least 40% in order to match the fleet capacity to  The most common economic measure of capacity
the availability of the resource. However, these sug- output assumes cost minimization of exogenous er
gestions were based on only biological considera- predetermined output and is the output level correz
tions. sponding to the tangency between the short-run and
This paper presents an analysis and examination of long-run average cost curve€gssels, 1937; Klein, 94
capacity and CU in the multi-species Danish gill-net 1960; Berndt and Morrison, 1981; Morrison, 1985a 95
fishery. The analysis is based on data envelopmentBerndt and Fuss (198%nd Segerson and Squiresss
analysis (DEA), which is a mathematical program- (1990)extended the notion of capacity from a singlez
ming approach. Multi-species fisheries characterize output to multiple outputsMorrison (1985b) and 98
many, if not most, of the world’s most important fish- Fousekis and Stefanous (199éxtended the static 99
eries. The paper is organized as follov&ection 2 (single period) concept of capacity to a dynamioo
discusses the major issues of defining and measuring(multi-period adjustment of the capital stock) concepti
capacity in fisheriesSection discusses the empirical ~ of capacity. Squires (1987) Segerson and Squireso?2
methodology used to estimate capacity and CU in the (1993) and Fousekis and Stefanous (19%%tended 103
Danish gill-net fisherySection 4discusses the gill-net  the concept of capacity for when the firm or vesseliss
fishery and the data used for the analySlsction 5 behavioral objective is profit-maximizatioBegerson 105
summarizes the results and provides additional com- and Squires (1993, 1998ndFare et al. (2000pro- 106
mentary on the estimates, a@ction 6provides a vide a revenue-based economic concept of capaaity
summary and conclusions. for a multi-product firm, which requires informationos
on revenue and output prices. This revenue-based
concept has not yet been sufficiently empirically eso

2. Capacity and CU in fishing industries timated and examined, and therefore, its usefulness
remains uncertain as a measure of capacity. For nmast

In simple terms, capacity may be defined as the fisheries, the economic concept of capacity cannot
ability of a firm or industry to produce a potential € assessed because the necessary economic dataare

output. There are two distinct measures of capacity, a "arely available. _ _ 115
technical-economic measure and a strictly economic N contrast, the technological-economic measune
measure Nlorrison, 19853 What distinguishes the ~ an be calculated even when economic datg are un-
two notions of capacity is how the underlying eco- avallgble. In fact, th_e technological-economic meas
nomic aspects are included to measure capacity. With Sureé is the most widely used concept of capacitys
the technical-economic measure, also referred to as alhe United States Federal Reserve and the United
technological-economic measure, no economic behav- States Department of Commerce routinely assess the
ioral objective is explicitly assumed. Under the pure technological-economic measure of capacity. The
economic measure, the capacity output is defined asPepartment of Commerce conducts an annual survey
the output that is consistent with the output level that ©f manufacturing plants in which plant managers are:
optimizes the behavioral objective of the firm. CU, re- asked about the likely potential maximum productiores
gardless of the concept of capacity, is then the ratio !t 1S @ technological-economic measure becauserait
of output to capacity outputMorrison, 1985) Fare repre_sgnts the poter.rqal maximum o_utput fqr a plant
et al. (1989) however, argue that a more appropriate Conditional on prevailing output and input prices ands
measure of CU is the ratio of the technically efficient demand conditions. No explicit economic optimizings

output level to the capacity output levelThis latter ~ Pehavior is assumed for the plant or firm. 130
The technological-economic measure is a concefpt

B . , of capacity offered byohansen (1968, p. 6&8ho de- 132
Technical efficiency occurs when firms or vessels produce the fined it “ “th . t that
maximum output attainable for a given set of inputs, given the Ined capacity as,... the maximum amount that canss

state of technology, environmental conditions, and in fisheries, the P& PrOdUCEd per unit of time_With_ existing .plant ang4
resource stock. equipment, provided the availability of variable faass
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tors of production is not restricted”This concept of production can be adjusted given changes in input ansl
capacity conforms to that of full-input utilization (i.e., output prices, but only subject to fixed inputs and ther
maximum utilization of the variable inputs given the available technology. Over the long run, there is notz
fixed factors of production) on a production function, capacity problem in most industries, because the firm
with the qualification that capacity representsus- adjusts its capital stock and production level to the ajge
tainable maximum level of outputKlein and Long, propriate levels and all available inputs are utilized a1
1973) The Johansen concept of capacity, however, terms of their most effective long-run equilibrium levzs2
was unbounded. The technological-economic measureels. However, in open-access fisheries, because ofithe
was initially offered byFare (1984)and is a weaker  “Tragedy of the Commons,” excess capacity is gets
version of the Johansen measure because output orrally expected in which the firms or vessels collecs
production is bounded by the fixed factors of produc- tively, as the fleet, tend to harvest a level of catch that
tion. exceeds the sustainable long-term target level and twe
In the context of fisheries, this weaker concept of fish stocks tend to become overfished. 188
the Johansen measure of capacity corresponds to the In the case of fisheries, the concept of capacityp
maximum catch a vessel can produce if inputs are needs to address several specific is§uds addi- 190
fully utilized given the biomass, the fixed inputs, the tional issue for fisheries, as compared to many other
age structure of the fish stock, and the present stateindustries, is that the fishermen harvest from a fixes
of technology. This concept of capacity output can- pool of resources where nature limits productians
not equal the output level that can be realized only at and the individual fisher’s ability to control catchema4
prohibitively high cost of input usage, and hence, is (Prochaska, 197%8Measuring capacity in a renewableos
economically unrealistic. The capacity output is mea- resource industry is, therefore, more complicated thas
sured relative to the observed best-practice frontier measuring capacity output in a more “conventionald7
(i.e., based on observed points) and based on observedndustry because the measure must be conditional
input and output levels. It is, therefore, not an absolute upon the resource stock. The production technology
technically derived number based on an engineéring for a fishery is stock-flow, in which inputs are apoo
notion of maximum possible catch; instead, the ob- plied to the resource stock to yield a flow of catcle
served input and output levels reflect changes induced (output). Hence, if the capacity output is measureg
by economic behavior of firms. That is, the observed over a time period, the measure must reflect changes
best-practice frontier is established by the existing fleet in the resource stock as well as changes in the capital
and implicitly reflects economic decisions made by stock. 205
vessel operators. Resource abundance and availability, however, may
The decision to maintain a given level of capac- vary because of unexpected or seasonal changes ireen-
ity or vessel size is a long-run decision based on ex- vironmental conditions. If output or production levelss
pectations about future production possibilities (e.g. vary seasonally or change because of extremely o
resource stock, environmental conditions, and regula- usual environmental changes, capacity measures naed
tion), and input and output prices. Capacity output is to incorporate and recognize these changes. 211
determined relative to a given point in time fixed, and ~ Many fisheries throughout the world involve prcei2
hence, is a short-run concept. This is consistent with duction of more than one output. Hence, multi-produat
the definition offered by JohanseRrpchaska, 1978 or multi-species production is likely to be the norrmus
CU is also a short-run concept, since current output or rather than the exceptioi€lark, 1985, and any em- 215
pirical method for estimating and assessing capacity
2 Klein and Long (1973, p. 744ptate that, “Full capacity =~ Mustbe able to account explicitly for multiple outputsi7
should be defined as an attainable level of output that can be Another issue important for determining a method fots
reached under normal input conditions—without lengthening ac- assessing capacity in fisheries is the mobile naturesf

cepted working weeks, and allowing for usual vacations and for the vessel. Vessel operators may often switch fremo
normal maintenance.” In additiofrare (1984)Yeveloped a formal ’

proof of the existence for Johansen’s definition of capacity. -
3 Which means what is possible to produce if the vessel is 4 For an overview of capacity in fisheries séekley and Squires
working at maximum physical load. (1999)
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one fishery to another during a given period of time, variable factor usage. An output-oriented measure2ed
or from one period to another. technical efficiency determines the maximum possév
The ability to change fisheries raises complex issues ble expansion of outputs (i.e., the frontier productiopgs
about aggregating measures of capacity for different with no change in the fixed factors of productionss
fisheries. That is, what level of aggregation should be The frontier or best-practice technology is a referzo
considered when assessing capacity output? The levelence technology or production frontier that depicts
of aggregation determines the outcome of the analy- the most technically efficient combination of inputs2
sis. A high level of aggregation including all fisheries and outputs. The production frontier is formed ass
within the year of the whole fleet shows the overall a non-parametric, piece-wise, linear combination ok
level of capacity and CU. However, the problem is that observed best-practice activities. 275
there may be fisheries with very high CU and fisheries  Under theFéare et al. (1989jramework, only the 276
with low CU that can counterbalance so the combined fixed inputs are bounded at their observed level, ai7
CU result is not alarming. The fisheries with high-low lowing the variable inputs to vary and be fully utilizeckzs
CU are typically high value fisheries, and hence, the This is slightly different from the concept offered by7o
most important economically. If the fisheries are tech- Johansen, because it explicitly allows the fixed factars
nologically distinct, they may be treated separately. to restrict output. The approach provides a scalar mea-
In open-access fisheries, in which the access to eachsure or efficiency scoré,’, that indicates the percentss2
single fishery is not excluded, a problem called latent age by which the production of each output of eaeks
capacity might arise. This problem has its origin in the firm may be increased (i.e., the score measures the glis-
fact that the fishing effort can change allocation be- tance between the observed output and the frontiersk
tween the fisheries during the season. A fishery with the solution is 1.25, the capacity output is 1.25 times
a high CU might in the next period have a low CU the observed output. The CU is then simppLR25 = 2s7
because of incoming vessels resulting in other fish- 0.8. The DEA approach also provides the optimal utiss
eries having a high CU, all things equal. An assess- lization rate of variable inputﬁ,j*n, or the utilization of 2g9
ment of the excess capacity in this kind of fishery has the variable inputs required to produce at full capacityo
to take the regulation into account. A decommission- output. 291
ing scheme oriented towards reducing capacity in a Estimation of capacity output may be obtained ly?
fishery with both high- and low-valued species, there- solving a mathematical or linear programming probss
fore, may subsequently only reduce the capacity of the lem. Initially, designate the vector of outputswaand 294
low-valued components, while not effectively reduc- the vector of inputs by. There arem outputs,n in- 295
ing capacity relative to the high-valued species. puts, and firms or observations. Capacity output ande
the optimum or full input utilization values requires?
solving the following equations: 298
3. Empirical methodology
Max 61
0.7 A 299
The methodology used in this paper to empirically
estimate and assess capacity is DEA. The DEA ap- subject to 300
proach is a mathematical programming technique for
which an optimal solution is determined given a set
of constraints. The approach has been widely used to
find the technical efficiency of firmsCharnes et al.,
1994). This approach can also be used to measure ca- s
pacity and CU followingFare et al. (1989, 1994The Zijjn <xjpn, nea,
approach readily incorporates multiple output and in- ;=; 302
put technologies.
Fare et al. (1989demonstrated that an output- _/ .
oriented measure of technical efficiency could be Zz.ixjn = AjnXjn, n€a,
used to estimate the capacity output and optimum /=1

J
O1ujm < ZZ.,‘Mjm, m=12,..., M,
j=1 301

303
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z; 20, j=12...J, J
ZZ,/xjn <Xjpn, n=1L12...,N,
Ain=0, nea, j=1 341
wherez; is the intensity variable for thigh observa-  z; >0, j=1,2,...,J. 342

tion; 61 the technical efficiency score or the proportion ) o )
by which output may be expanded when production The technically efficient output vector is calculated bys
is at full capacity; a”dj*n the ratio of optimum use of multiplying 65 by observed production for each out4

input x;, to observed input use of;,. put. The technically efficient or “unbiased” ray meass
Capacity output is then determined by multiplying Sure of CU is then the following: 346
65 by actual production. CU, based on observed out- 0u O
put, may be calculated as follows: CU(efficient) = i = —i
Ofu 0 347
u 1
CU(observel = on  oF The output-oriented measure can be used in sevesal
1 1

ways. For each vessel, the capacity output is detew
This measure provides a ray measure of capacity out-mined. Summing over vessels by given criteria (ego

put and CU in which the multiple outputs are expanded regional or gear-type) the necessary number of ves-
in fixed proportions relative to their observed values sels can be found where the total reach some spse-
(Segerson and Squires, 199The ray measure con- ified target (e.g. total allowable catch, TAC). In thess

verts the multiple-output problem to a single-product multi-species case, this can be done for each species.
problem by keeping all outputs in fixed proportions. We stress, however, that summing over each vessel

This ray measure corresponds tBarell (1957)mea- presents a lower bound for the industry or fleet levab
sure of output-oriented technical efficiency due to the of capacity (i.e., the industry or fleet level of capacitg?
radial expansion of outpufs. is greater than or equal to the sum of the vessel levels

Fére et al. (1994hoted that this ray CU measure Of capacity). 359

may be biased downward, because the numerator in  The variable input utilization outcome,’,, mea- 3eo
the CU measure, the observed outputs, may not besures the ratio of optimal use of variable input ta:
produced in a technically efficient manner. A techni- observed use; the optimal variable input usage is tee
cally efficient measure of outputs may be obtained by variable input level which gives full technical effises
solving a problem where both the variable and fixed ciency at the full capacity output level. If the ratio ofes
inputs are constrained to their current levels. The the optimal variable input level to the observed varies
outcome (which can be calletf) shows the amount  able input level exceeds (falls short of) 1.0 in valuese
by which production can be increased if production there is a shortage (surplus) of tha variable input se7
is technically efficient. The technically efficient com- currently employed and the firm should expand (coss

bination of outputs, conditional on observed input tract) use of that input. 369
levels, may be determined by solving another linear
programming problem, which is similar to the capacity 3.1. Second-stage analysis 370
problem:
Max 6, _ Se\_/eral_ external factors not includ_ed in the analyx
6.z sis might influence the CU scoreSoelli et al. (1998) 372
. suggest a second-stage analysis, where the scoresab-
subject to tained by the DEA analysis in the first stage are re«
J gressed on variables that are expected to influencedise
Ootjm < Z?i”im’ m=12....M, scores. Using the results from the second-stage ¥e-
=1 gression, the efficiency scores can be adjusted. In the

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

5 A non-radial expansion of outputs would correspond to Of vessel, home port, etc. In our case of the Danish

Koopmans (1951hotion of technical efficiency. Gill-net fleet, where only 1 year is included and alsso
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the vessels are relatively equal in size, only the port so it is not unique for a given firm. The partial Cl424
is included in the second-stage analysis. Capacity andmeasures might indicate that the degree of over cap-
CU might, however, vary widely by port, which in italization in the fishery can vary considerably across
turn reflects differences in institutional practices, re- products Segerson and Squires, 199There may be 427
source availability and abundance, and market condi- more excess capacity or higher rates of CU in the
tions Squires and Kirkley, 1996 This variation in fishery of one species than another. The stocks in the
capacity and CU can be evaluated using a Tobit anal- North Sea are managed on a species-by-speciessba-
ysis. Tobit analysis accounts for censoring of the ca- sis. For species that are closer to full partial CU (i.e31
pacity measure at zero and of CU measure at both zeroclose to 1) or have lower levels of excess capacity, the
and 1. The capacity and CU measures regressed uporfuture demand for that species is likely to be of moses

391
392
393
394
395

port dummy variables, without an intercept, gives a
one-way analysis of variance with-3. = 4 degrees of

freedom when the null hypothesis of equal coefficients
between all port dummy variables is applied. The
model we consider for the Tobit regression for CU is as

importance in determining the future expansionary e
contractionary forces in the fishery than is the demadsd
for the species with lower CU or higher excess capass
ity. The partial CU measure is estimated for cod angr
plaice, since these are the most important speciessin

396 follows: the fishery. The partial CU for a given firm and species
5 is as follows: 440

CU= Zai D,‘ . 1
397 ] CU(partiah = oF it

3
wherei indexes individual ports and 5 denotes the total
number of ports. The null hypothesis of equal CU for
allportsisHp: o) = - - = ; = - - - = a5. With a Tobit
regression, the appropriate test of the null hypothesis Max#3
is the Wald test with g2 distribution with 4 degrees 0.2 s
of freedom. If the null hypothesis is rejected, then a subject to
sequence of other tests is needed where the ports are
compared in pairs. With five different ports the number J

Ozuj1 < ZZijL

j=1

398
399
400
401
402
403
404
405
406

wheredy is the score obtained by solving the followinga2
DEA-problem: 443

445

of pairs will be 10.
446

407 3.2. Partial capacity measures

J

Ujm = szujm, m=2,...
408 j=1 447
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423

Several measures permitting non-radial or non-pro-
portional changes in outputs have been developed,
e.g. Russell (1985)and Zieschang (1984)but they J
have not, so far, been used to estimate capacity. Par-ZijJ” = Xjn, nea
tial CU measures developed Begerson and Squires /=1
(1990)in the parametric case are here applied inthe ;. >~ o ;=12 .../,
non-parametric framework. A partial CU approach
varies only a single output. All other outputs are held where species 1 is the species for which the partad
fixed at their actual levels. The partial measure can measure is found. 451
be seen as the first stage in the asymmetric Fare effi-
ciency measureHare et al., 1983adjusted to the case
of capacity. A partial CU measure is defined as the 4. The Gill-net fleet and fishery—background
observed output level divided by the capacity level of and data
the output of concern given the actual output levels
of all other products and fixed factor. The numerical =~ The Danish fisheries are normally divided into hus4
value of this CU measure will vary across products man consumption and industrial fisheries. The humaa
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consumption fisheries, which comprise many fisheries, whole fishery, which in turn are divided into rationso2
are defined as those where no species are landed forfor a given period, in some cases depending on thes
industrial purpose. The industrial fisheries are fisheries size of vessels. The number of participating vesseis,
where some of the species are landed for industrial however, is not regulated for these fisheries. Durieg
purpose (processing of meal and oil), meaning that a given time period, therefore, rations can decline ms
species caught in these fisheries can also be landed fotthe ration period can be shortened. If the Danish queta
human consumption. The human consumption fish- for a species is caught before the end of the year, the
eries are, in general, multi-species fisheries (i.e., more fishery is simply closed. 509
than one species is caught in one setting of the gear In the beginning of the year, the Danish Ministryio
or in one trip). In several of the fisheries, different of Fisheries sets both the size of the quarterly quotas
gear types (e.g. trawl, gill-netters, Danish Seiners) are and rations based on the experience from former years
used. and based on the size of the total Danish quota. Over

A large part of the Danish human consumption fleet the year, the Ministry closely monitors the fishery byt4
is multipurpose, which can participate in several fish- recording all catches, and if necessary the regulatin
eries during the year, including industrial fisheries. is changed, so that the quota is not exceeded. Fhe
Relative prices between species and inputs, regula-purpose of the regulation is, in general, to achievesia
tory constraints, production costs, biological condi- better distribution of the fisheries over the year and=a
tions, and change in seasons are factors that deter-better utilization of the Danish quotas compared tec®
mine the choice of fishery. The gill-netters participate free fishery of the quotas. The regulatory instrumenis
in the mixed human consumption fishery harvesting quarterly quotas and rations, are used to stretch eut
roundfish and flatfish in the North Sea and Skagerrak. the fishery over the whole year. In summary, it can be
The catch composition varies over the year and be- concluded that the cod and saithe fishery in all fosus
tween fishing grounds. The gears involved are trawl, areas has been constrained by the limited TAC. Sede
gill-net, and Danish Seine. The target species also has been constrained in the North Sea. The TAC fas
varies over the year and according to the gear type plaice in the Skagerrak was exploited over 90%, ka1t
used; however, cod, haddock, saithe, plaice, and solethere was no regulation. 527
are the main species, with cod being the most impor-  Access to the Danish fisheries is restricted. Fe»
tant. Nearly all the gill-netters participate in the fishery achieve an entry right, two authorizations are needes,
in the North Sea and about half of them also partici- one, recognition as a commercial fisherman and tveen
pate in the Skagerrak fishery. Only a few gill-netters a vessel license, where recognition is a necessay
take part in the fishery in Kattegat and the Baltic condition for the vessel license. A vessel license can

Sea. be obtained only if corresponding capacity leaves tha
fishery. 534
4.1. The regulation and the regulatory process Only with permission from the Ministry is an exs3s

tension of the existing number of vessels allowed. Fap

The EU council annually determines the TAC for the purpose of management, capacity output has been
guota species in the exclusive economic zones (EEZs)assumed to be related to a number of physical inpsis
of the EU member states. A fixed scale (called the used by the vessel. The inputs are GRT, length, widtky
principle of relative stability) divides the TACs among depth, hold capacity, and engine power. However, the
the member states into national quotas. The mem- relationship between these physical measures of ©a-
ber states then decide the distribution of their respec- pacity and capacity output of vessels is not straightfesz
tive national quota among fishermen. Since there is ward, and capacity can be increased through changimng
no banking of national quotas, the member states de-the combination of these inputs, or through changas
sign the regulation to ensure full utilization of their
quotas. . . ] Tspossible in a number of cases for the fishermen to transfer

The Dgnlsh regulathn of the fishery for pod, had- 1 from one period to the next.
dock, saithe, and sole is based on the Danish share of 7 sometimes a fishery is closed if the quarterly quota is caught.
the TAC's divided into quarterly total quotas for the The fishery opens again at the start of the next quarter.
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in other inputs not included in the management defi- sumption fishery in the North Sea and Skagerrak:
nition of physical capacit§. which can probably be divided into several differents
The primary purpose of the regulations is to har- fisheries; given the available data, however, it is b
monize the total capacity of the fleet to the resource possible to precisely further divide the fishery intss
stock conditions. Regulation of the total existing ca- other fisheries. 586
pacity is based on control of the physical inputs re-  There is no information available about the lengsar
lating to the capacity of the individual vessels. This of the trips? and hence, no information on the variabkas
system can regulate the individual vessels, but cannotinputs per trip was available. It was decided to aggees
control the total fishing effort, because the access to gate the trip-level information to annual activity peo
each fishery, in general, is non-regulated. The most vessel. For each vessel, therefore, the total landings
economically attractive fisheries will attract effort and (output) and the number of trips (representing varialste
each fisherman will try to use his ration first, because input), together with information on the KW and GR¥e3
once the quarterly quota is exhausted, the fishery is (representing fixed factors or the capital stock), were
closed. The conclusion is that the overall limited ac- used in the analysi¥ 595
cess to the Danish fishery and limited possibilities to
extend the existing capacity will not reduce the over
capacity in the most profitable fisheries, although the 5. Results and discussions 596
effort in the least attractive fisheries may be reduced.
From the point of efficiency, the result is that too much ~ Of the 69 Danish gill-net vessels, 36 (38) vessely
effort is attracted into certain fisheries. Therefore, the had a (ray) CU based on technically efficient produss
situation emerges where the overall capacity problem tion (CU based on observed production) less tharssd
is solved on the sector level but not in all fisheries.  (Fig. 1). Nearly 2/3 (43 vessels out of 69) of the fle@bo
had a CU higher than 0.9, while 10 vessels had a G
4.2. Data less than 0.8. Using the CU measure based on eh-
served output shows that 40 vessels had a CU higéwr
Data necessary for analyzing capacity output and than 0.9 and 20 vessels had a CU less than 0.8. st
CU were available only for gill-net vessels larger than average CU was 0.92 (0.88) with a standard deviatien
20 GRT. As a consequence, the analysis was limited of 0.11 (0.16) Table 1. These CU values illustratesos
to 69 vessels (i.e., only those vessels larger than 20that a minor, but significant part, of the gill-net fleeb
GRT). Available data pertained to trip-level data and had relatively low levels of CU. These results are s
vessel operations during 1993, and consisted of the accordance with those obtainecuestergaard (1998) eoo
following information: (1) the volume and value of Where the gill-net was shown to be more efficient thamw

the landed catch of each of the following species: cod, Other types of gear in the Danish human consumptian

haddock, saithe, plaice, sole and other species (addedishery. _ 612
together); (2) the month of landing; and (3) the fishing ~ The second-stage analysis sought to determine
area. whether or not the homeport might explain some ef

annual fishery activity based on month and area. The from the port of Hvide Sande. Of these 48 vessetss
gill-netters participate only in the mixed human con- 30 had a CU less than 1. The observation that 30 et
of 48 vessels from the port of Hvide Sande had a Glé
8 Equating the capital stock (physical inputs such as vessel score less than 1 s_uggests that this fleet may hae
size and engine power) to capacity implicitly assumes a linear More excess capacity than the rest of the fleet. Teae
relationship between the capital stock and capacity. In general,
these coincide only if there is but one fixed input or stock of 9 Since the fisheries in question are human consumption fisheries,
capital, all variable inputs are in fixed proportions to the fixed where the trip length varies between 1 and 5 days, it is not assumed
input, production is characterized by constant returns to scale (a that the use of trips instead of number of days will give biased
1% increase in all inputs, both variable and fixed, increases catch results when looking at similar vessels.
by one percent)Rerndt and Fuss, 1989In fisheries, there is an 10 Because of the lack of better data on the variable inputs, the
added condition, that of a constant fish stock(s). relatively homogenous vessel group of gill-netters was selected.
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1 0.95- 0.90- 0.85- 0.80- 0.75- 0.50-  <0.50
0.99 0.95 0.90 0.85 0.80 0.75

HE CU{(efficient) B CU(observed)

Fig. 1. Distribution of capacity utilization scores.

Table 1
Average CU, variable input utilization, number of vessels with CU equal or different to 1
CU(observed) CU(efficient) VIU Cldd CUpaice
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

8CU: ray CU; VIU: variable input utilization; Cdaq and Cuyyaice: partial CU of cod and plaice, respectively.

result of the test of the null hypothesis that CU was species and aggregated to obtain an estimate of gy-
equal for all ports could not be rejectedxa value of cess capacity for each specidslfle 9. For example, g4q
8.19 with a probability of 0.085), at the significance the total fleet production of cod could at full capacity;,

level of 5%. have been 651,730 kg higher, which corresponds togan
The distribution of the variable input utilization
rates had the same pattern as the CU ratés. Q). 35

About half of the vessels could increase the use of ,,
variable inputs, although doing so would increase out- 53
put by only one-half the difference between observed ™

output and capacity outpuTgble 2. On average, the 20
variable input utilization rate is 1.27 (standard devi- 15
ation is 0.16), indicating that vessels should increase g
-

the number of trips compared to the optimal number _ |
of trips by 27% Table J) if vessel operators desireto :D
>2

operate at full capacity output.
Capacity output and technically efficient output
were calculated using the estimated scores obtained -
from the DEA problems. The capacity and techni-
cally efficient output levels were calculated for each  Fig. 2. Distribution of variable input utilization scores (VIU).

1.5-2 1-1.5 1 0.5-1 <0.5
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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 17.0 121
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 excess were not very different on an aggregate basab(e 23,

660

capacity for each species shows fundamentally the which indicated that cod was one of the species that
same results and varies within the same range as thoseletermined the capacity. For plaice, the situation was
on the vessel basis with CUs around 0.85-0.95. Cod slightly different. The partial CU for plaice was lesss3
and sole have the highest excess capacity, which isthan both the CU (observed) and CU(efficient), whichs

in accordance with how the regulation proceeded this

showed that the potential output of plaice was highss

year. Surprisingly, saithe has a lower excess capacity than both the actual and capacity output. This resest

than plaice, which could indicate that plaice is a more

important species for the gill-net fleet than saithe.

Haddock and saithe have the lowest excess capacity.
The distribution of the partial CU measures for cod

suggests that the vessels had excess capacity irssits

production of plaicé! 668
Analysis and results were applied to only a singes

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

and plaice shows that a very high share of the vesselsconditional on the regulatory and resource conditiosia

did not have the ability to increase outptid. 3).

However, the average partial CU for cod and plaice
was significantly lower than 1. The partial CU and
the CU (observed) (or CU(efficient)) measure for cod

60

1 095 0.90-
0.99 095

0.85- 0.80-
090 0.85

0.75- 0.50- <0.50
0.80 0.75

B CU(Cod) B CU(Plaice) \

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

that prevailed in 1993. Changes in these conditiosrs
might alter the results, which our analysis would nets
depict. As a consequence, the results presented in ¢his
paper might not be very indicative of capacity outpets
levels and CU under different regulatory and resourse
conditions. An additional shortcoming of the approaehr
used in this paper to estimate capacity output is tve
deterministic nature of DEA? That is, DEA assumess7o
all deviations from the frontier are caused by ineffiso
cient operations, which in fact, some deviations mag.
be induced by events beyond the control of the vesz
sel operator. The use of annual data, however, likebg

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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