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Buyback Programs: Goals, Objectives, and
Industry Restructuring in Fisheries

James E. Kirkley, John Walden, and James Waters

National Oceanic and Atmospheric Administration Fisheries has conducted several buy-
back programs to reduce harvesting capacity in fisheries. These programs have attempted
to maximize capacity reduction given a fixed budget. However, restructuring issues have
not been considered. We explore the possibility of satistying three different buyback ob-
jectives. We examine the black sea bass trap fishery and determine the number of vessels
given different allowable catch levels and objectives of maximizing technical efficiency,
capacity utilization, and vessels in the fishery. We find considerable variation in the number
of vessels allowed to remain in the fishery given the different objectives.
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Eliminating excess capacity in fisheries has
become a global issue. National Oceanic and
Atmospheric Administration (NOAA) Fisher-
ies, the Food and Agriculture Organization
(FAQ), and various member nations have all
embarked on an ambitious plan to measure ca-
pacity and subsequently determine methods to
climinate excess capacity in fisheries, In the
United States, there have been several buy-
back programs implemented to help reduce
excess capacity in fisheries. These programs,
however, have been viewed as being only mar-
ginally successful (U.S. General Accounting
Office). One major problem recognized by the
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present study was that these buyback pro-
grams did not restrict individuals from return-
ing to other fisheries or the same fishery.

In 2002, NOAA Fisheries prepared a report
on overcapacity in five federally managed
fisheries and the cost of eliminating the over-
capacity (Kirkley et al.). The five fisheries ex-
amined were the New England and West Coast
groundfish fisheries, the large coastal pelagic
shark fishery, the Gulf of Mexico shrimp fish-
ery, and the Atlantic swordfish fishery. All
fisheries were determined to have substantial
excess capacity. It was also determined that
nearly $1.0 billion would be required to elim-
inate the overcapacity in all five fisheries.

In recent years, NOAA Fisheries conducted
several buyback programs. The apparent pri-
mary objective of these programs was to en-
sure that capacity was reduced as much as
possible, given a fixed amount of funds avail-
able for the buyback. None of these programs,
however, had goals or objectives other than to
reduce as much capacity as possible given a
fixed budget. Alternatively, issues such as
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whether or not the reduction should yield the
most technically efficient fleet, a fleet consis-
tent with the maximization of capacity utili-
zation, or some alternative objective were not
considered in these buyback programs.

We present the results of an analysis of a
buyback program that was designed to satisfy
three objectives. We selected the South Atlan-
tic trap fishery for black sea bass. The three
objectives considered are as follows: (1) max-
imization of technical efficiency or reducing
the fleet such that technical efficiency for the
fleet is maximized subject to varying total al-
lowable catch (TAC) levels; (2) maximization
of capacity utilization or reduce the fleet such
that existing capital stock of the fleet is fully
utilization subject to various TAC levels; and
(3) maximize the fleet size to harvest the de-
sired sustainable yield or TACs. The third ob-
jective may appear to be the most undesirable
objective relative to economic concerns, but it
is one often under consideration by manage-
ment councils,

We initially estimated capacity, technical
efficiency, and capacity utilization using data
envelopment analysis (DEA). Capacity was
estimated for all vessels and fleets operating
between 1995 and 2001 and, subsequently,
relative to average or customary and usual op-
erating procedures (CUQOP) between 1995 and
2001. It was determined that the fleet, on av-
erage, had the capability to harvest approxi-
mately 2.1 times the average annual landings
actually harvested between 1995 and 2001.

We then ordered the estimates according to
the three objectives (e.g., for the case of max-
imum technical efficiency, we ordered the es-
timates from most to least efficient). Next, the
various outputs consistent with the objectives
were cumulatively summed and compared
with stated TACs or desired sustainable yields.
We found that, depending on the stated objec-
tive, the number of vessels to remain in the
fishery substantially varied.

Data
Data about vessel and gear characteristics,

such as vessel length and engine horsepower,
were acquired from the permits database at the
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Southeast Regional Office. Data about gear
type and number of gear used, along with
landings data, were obtained from trip reports
in the logbook database at the Southeast Fish-
eries Science Center and weigh-out files. The
analysis assumed vessels’ characteristics, gear
type, number of gear, and hours fished to be
fixed. The vessel characteristics are, in effect,
fixed factors of production. The assumption
that number of gear and hours fished were
fixed was made to estimate capacity given
CUQP. Data on days at sea and crew size per
trip were also obtained and considered to be
variable factors of production (i.e., they could
be relatively easily changed by the vessel op-
erator but only within certain bounds). The
data covered fishing operations between 1995
and 2001 (Table 1).

The data were subsequently examined for
missing information. After a review of the
data, we decided to examine capacity only for
the trap/pot fishery for black sea bass. This is
the primary gear used to harvest black sea
bass and had the fewest number of observa-
tions with missing information (Table 2).

As is apparent in Table 2, there are consid-
erable differences in the number of vessels
landing black sea bass and the number of ves-
sels used to estimate capacity. For example,
370 vessels reported landing some sea bass in
1995, and 75 vessels reported landing some
sea bass in the trap fishery. The 370 vessels
represent all gear types and vessels reporting
landing sea bass in 1995; the 75 vessels rep-
resent vessel operators reporting landings of
sea bass and participating in the trap fishery.
Of the 75 vessels participating in the trap fish-
ery in 1995, however, only 54 vessels had in-
formation that could be used to estimate ca-
pacity output, Landings by trap gear for
vessels having complete information account-
ed for approximately 60%—-73% of the total
landings between 1995 and 2001.

Methodology

Ballard and Roberts were among the first to
estimate capacity in fisheries. They used the
method of Klein, which has become known
as the ‘“‘peak-to-peak’” method, to estimate
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Table 1. Vessel Characteristics, Landings, and Effort in the Black Sea Bass Fishery, 1995—
2001

1995 1996 1997 1998 1999 2000 2001
Fleet size (no. of vessels)
Total 370 339 357 339 310 260 243
Trap 75 80 93 77 72 68 57
Used in analysis 54 73 81 71 63 61 51
Vessel characteristics
Horsepower
Minimum 130 40 115 120 120 120 175
Mean 310 320 333 348 355 342 360
Maximum 671 800 800 800 735 735 650
Length (feet)
Minimum 21 22 20 18 18 24 24
Mean 34 38 34 36 35 35 36
Maximum 48 50 50 68 48 50 50
Crew size (no.)
Minimum 1 1 1 1 1 1
Mean 1.7 1.9 1.8 1.9 1.8 1.9 2
Maximum 3 3 4 4 3 3 3

Fishing effort
Days absent

Minimum 1 1 1 1 1 1 1

Mean 17.4 185 18.1 18.6 17.2 13.5 21

Maximum 85 92 131 107 94 69 149
Hauls per trip

Minimum 2 1 1 1 1 1 1

Mean 52 52 40 48 46 47 60

Maximum 217 367 270 370 529 638 720
Traps per trip

Minimum 2 2 2 1 2 2 3

Mean 27 24 25 - 26 28 25 30

Maximum 100 151 150 101 118 120 117

Landings (lbs.)
Black sea bass

Minimum 3 69 21 36 70 30 55

Mean 5,533 6,343 6,005 6,594 7,084 5,470 7,075

Maximum 34,565 48,417 57,046 47,282 44,526 30,715 43,166
Other species

Minimum 0 0 0 0 0 0 0

Mean 1,219 958 1,105 780 2,132 876 1,189

Maximum 15,569 17.057 16,385 10,917 11,458 12,325 13,139

capacity. It attempts to extrapolate estimates cation of Ballard and Roberts’s work,
of capacity on the basis of fleet landings di- numerous methods have been developed to
vided by the number of operating units ad- estimate capacity. Kirkley and Squires pro-
Jjusted for technical change. Since the publi- vided an exhaustive summary of various ap-
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proaches that can be used to estimate capacity
in fisheries.

The methods explicitly incorporate eco-
nomic behavior, stochasticity or noise, and
other concerns. For the most part, however,
methods that attempt to estimate capacity from
a rigorous economic perspective cannot be
used to estimate capacity for most fisheries in
the United States. This is because the cost and
earnings information required to estimate an
economic concept of capacity are typically not
available.

In the present article, DEA is proposed as
a method for estimating capacity. DEA is a
nonparametric, mathematical programming
approach that has been used to estimate tech-
nical efficiency of production. Charnes, Coo-
per, and Rhodes initially proposed DEA.. It has
subsequently been expanded to deal with is-
sues other than simply estimating technical ef-
ficiency (Fire, Grosskopf, and Knox-Lovell).
For example, it can be used to estimate the
optimum allocation of inputs or the optimum
production of outputs in a multiple product
technology. Fiire first proposed DEA as a
method for estimating capacity. Fire also of-
fered a framework for determining the level of
variable inputs (e.g., labor and days at sea)
required to produce the capacity output. Fire
et al. provided a comprehensive introduction
to using DEA to estimate capacity in fisheries.

In addition to being nonparametric and
nonstatistical, DEA imposes no underlying
functional form of the relationship between
outputs and inputs (i.e., the production func-
tion or technology). DEA is used to construct
a linear, piecewise technology relative to an
ideal or best-practice frontier technology. The
best-practice frontier technology is a reference
technology that depicts the most technically
efficient combinations of inputs and outputs.
There are three possible orientations of DEA:
(1) determine the minimum level of inputs re-
quired to produce a given output; (2) deter-
mine the maximum level of outputs that can
be produced given existing levels of inputs; or
(3) determine the maximum expansion of out-
puts and minimum level of inputs such that
production is technically efficient.

For the purpose of estimating capacity in
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fisheries, an output orientation was used. That
is, we desired to estimate the maximum po-
tential output levels that can be produced giv-
en existing fixed factors and the potential level
of variable inputs. Estimates of capacity are
obtained by solving one mathematical pro-
gramming problem (in actuality, a linear pro-
gramming [LP] problem) for every observa-
tion. This traces out a best practice frontier
and permits capacity to be estimated for each
observation. The basic LP problem is as fol-
lows:

(1) TE,;=Max 8
[FXAY
subject to
7
B, = 2 Zitjms m=1, , M,
=1
J
2 ZXiw = Xy, ne F,
=1
J
2 ZiXin = NjnXins ne Vv,
=1
> 3z =10
i
ZJ 09 7= 1, 2’ . ] J
N, =0,

where 0 is a measure of technical efficiency
(TE; 8 = 1.0), F is a vector of fixed inputs, V
is a vector of variable inputs. z is a vector of
intensity variables used to construct the piece-
wise technology, and u is a vector of outputs.
If we multiply the observed output by 8, we
obtain an estimate of capacity output. Capacity
can also be estimated by solving the same
problem without the variable input constraints,
which indicates that they are, in fact, decision
variables. With either the equality constraint
included on the variable inputs or the omission
of the variable inputs, the solution to Equation
(1) yields values of z that can then be used to
calculate the level of variable inputs required
to produce the capacity output.

Equation (1) imposes strong disposability
in outputs and variable returns to scale. That
is, it is assurned that a producer has the ability
to dispose of any unwanted commodities with-
out incurring any production cost (strong dis-
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posability) or experiencing a loss in revenue,
and increasing all input levels by the same
proportion will result in a different rate of
change in output levels (e.g., if all input are
doubled, output levels might increase by a fac-
tor of 2, less than 2, or more than 2). The
important aspect of variable returns to scale is
that it permits different rates of change in out-
put levels given different rates of change in
input levels. Alternatively, a technology may
exhibit more than one type of returns to scale
(e.g., constant returns, decreasing returns, and
increasing returns are all possible with vari-
able returns to scale imposed on the technol-
ogy). The constraint that the sum of z; = 1.0
imposes variable returns to scale.

Equation (1) was initially proposed by
Fire, Grosskopf, and Kokkelenberg for as-
sessing capacity when data were limited to in-
put and output quantity information; that is,
economic data such as cost and earnings in-
formation and information on input and output
prices were not available. As such, Equation
(1) is a technological engineering concept of
capacity. Because estimates are based on ac-
tual data, however, estimates of capacity ob-
tained from solutions to Equation (1) implic-
itly reflect the underlying economics.

In addition to obtaining an estimate of ca-
pacity, Equation (1), together with the same
problem but including all inputs, may be used
to estimate an unbiased measure of capacity
utilization (CU). Fire, Grosskopf, and Kok-
kelenberg demonstrated that the ratio of an
output-oriented measure of TE (TE,), with
fixed and variable inputs included, to an out-
put-oriented measure of TE (TE,,), with var-
iable inputs excluded, yielded a relatively un-
biased measure of CU:

TE,,
2) CU =—<%,
(2 ' TE,,

The Fire, Grosskopf, and Kokkelenberg CU
measurement permits an assessment of wheth-
er or not deviations from full capacity are be-
cause of inefficient production or less than full
utilization of the variable and fixed inputs. In
most calculations of CU, it is determined in a
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nonfrontier framework (e.g., peak-to-peak
methods).

The solution to Equation (1) also may be
used to estimate a variable input utilization
rate. The ith variable input utilization rate is
estimated as follows (Fire, Grosskopf, and
Knox-Lovell):

J
2 Z_?‘xjw'
3) A=

Kjvi

nevV

X

where A* equals the ratio of the level of the
ith variable input required to produce the ca-
pacity level to the observed usage of the ith
variable input; the numerator equals the opti-
mal level; and the denominator equals the ob-
served usage of the ith variable input. A value
of A > 1.0 indicates a variable input whose
usage should be expanded to achieve capacity
production; A < 1.0 implies that usage of the
variable input should be reduced.

The use of DEA to estimate capacity need
not be restricted to the primal or technological
engineering concept of capacity. If sufficient
data on input or output prices are available, it
is possible to estimate TE, capacity, CU, and
optimal variable input usage using a cost or
revenue-based DEA problem. Fire, Gros-
skopf, and Kirkley illustrated how TE, capac-
ity, and CU for a multiple product, multiple
input technology can be estimated either di-
rectly by solving respective revenue maximi-
zation or cost minimization DEA problems
similar to Equation (1) or by exploiting the
properties of duality. It is also possible to es-
timate capacity from a profit maximizing ori-
entation.

Although DEA has gained widespread rec-
ognition as an approach for estimating either
technical efficiency or capacity, it does have
some limitations. First, it is not stochastic and,
thus, the most efficient producers define the
frontier. Alternatively, estimates of capacity
and TE attribute all randomness or noise to
inefficiency. In the case of fisheries, therefore,
it would be possible for “high-liners” or the
lucky catch of the trip to define the frontier
for the entire fleet. Capacity, therefore, could
be easily overestimated. Second, if there are
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large horizontal or vertical sections of the
frontier, it is possible to underestimate capac-
ity; Coelli, however, has offered a multistage
DEA approach to address this latter problem.
Third, the DEA approach that we have used
provides a short-term measure of capacity; this
should not, however, pose a serious problem,
because capacity is a short-term concept.

Kirkley et al. and Walden, Kirkley, and
Kitts offered alternatives for addressing the is-
sue of nonstochasticity. Rather than basing ca-
pacity strictly on actual observations of out-
puts and inputs, both studies suggested that it
is possible to partially incorporate noise by us-
ing mean or expected values of outputs and
inputs; this is mostly applicable, however, to
very large data sets. Another approach, the
one that we have used, is to first form clusters,
then estimate capacity output for each cluster,
and then base the estimates of capacity on the
expected value (means) of the estimates.

Two basic black sea bass fisheries were ini-
tially considered. The first fishery is strictly a
single-species fishery (i.e., trips for which
only black sea bass was reported as being
landed). The second fishery is a multispecies
fishery but restricted to two categories: black
sea bass and all other species. There were a
total of 6,529 trips during which black sea
bass were landed by trap gear between 1995
and 2001. Of this total, 1,732 trips landed only
black sea bass, and 4,797 trips landed black
sea bass and some other species.

Each fishery was further disaggregated into
five clusters. Cluster analysis is a nonpara-
metric method for grouping similar observa-
tions (Kaufman and Rousseeuw). Clustering
was done to reduce the possibility of overes-
timating capacity, which might occur if the es-
timates of capacity for all trips were primarily
determined by high-liners or lucky catches.
'The partitioning of observations or clustering
was accomplished by K-means clustering. K-
means clustering assigns observations to a
cluster to reduce the within-groups sum of
squares. We arbitrarily considered five clusters
for each of the two categories; a total of 10
clusters were thus considered in the analysis.
Clustering was based on vessel characteristics,
variable input levels (days away and crew

339

size), output levels, and gear usage (e.g., num-
ber of traps, effort or number of trap hauls,
and hours fished). Trip level information was
used to estimate the clusters. It is possible for
a boat to appear in more than one cluster. This
should not, however, affect the estimates of
capacity. Capacity output was calculated by
aggregating capacity output over all trips on a
per-vessel basis. Capacity was estimated for
each trip and each vessel operating between
1995 and 2001. These estimates were subse-
quently averaged to determine the possible ca-
pacity output under customary and usual op-
erating procedures.

For the purpose of estimating capacity, the
following variables were considered to be
fixed and variable. Fixed factors were vessel
length, engine horsepower, number of traps,
number of trap hauls (effort), and time fished
(fished); variable factors were crew size per
trip and days at sea per trip. It would be pos-
sible, however, for fishing operations to
change the number of traps, hauls, and time
fished, which would increase the estimates of
capacity output. Without more detailed infor-
mation, however, it would be difficult to assess
the feasibility of individual vessel operators
changing the number of traps and time fished.
In addition, it was believed that, by restricting
the number of traps and hauls and time fished,
the analysis would better reflect customary
and usual operating procedures,

Estimates of capacity output, however,
should be viewed as lower bound estimates.
This is partly because the estimates were
based on only one fleet, the trap fishery; partly
because data were incomplete even relative to
the trap fishery; and partly because some of
the factors that were assumed to be fixed (such
as the number of traps and hauls and time
fished) could actually be changed by vessel
operators.

Analytical Results

Capacity was estimated using DEA for all
years and clusters. In totzl, the analysis re-
quired 10 separate estimations. Trip-level es-
timates were then summed over individual
vessels and years; subsequently, total fleet ac-
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tivity was summarized by year, over all ob-
servations, and then relative to mean values
over all years (Table 3). We again stress, how-
ever, that estimates of capacity output repre-
sent lower bound estimates. The data used to
estimate capacity represented approximately
73% of all reported landings between 1995
and 2001. In addition, some of the inputs that
were assumed to be fixed factors are factors
that might possibly be changed by vessel op-
erators (e.g., number of traps).

In general, vessels had the capability to
harvest two times the level they actually har-
vested between 1995 and 2001 (Table 4).
Crew size could have been marginally de-
creased; statistically, however, there was no
difference between observed crew size and
that required to produce the capacity output.
Mean days at sea per year per vessel would
have only had to marginally increase to realize
the capacity output. The highest mean level of
landings per vessel occurred in 1999, when
vessels averaged 7,084 pounds per vessel. The
highest mean capacity output occurred in
2001, which was estimated to equal 14,361
pounds per vessel. Of 51 vessels operating in
2001, 8, or 15.7% of all 51 vessels, had annual
landings more than 14,361 pounds. These
eight vessels averaged 66.6 days at sea per
year in 2001, Twenty-one vessels, or 41.2% of
the 21 vessels operating in 2001, had annual
landings in excess of 5,000 pounds. These 21
vessels averaged 40 days at sea per year. On
the basis of reported landings, these vessels
had a mean level of landings equal to 14,365
in 2001. In contrast, 43 vessels in 2001 landed
less than the estimated capacity output of
14,361 pounds. They landed, on average,
3,690 pounds per vessel and accounted for a
total of 158,667 pounds or 43.4% of the total
landings in 2001. The average engine size was
434 horsepower, the average length per vessel
was 36 feet, the average days at sea per year
was 13.02, and the average crew size was
1.84.

Buyback Programs: Goals, Objectives, and
Industry Restructuring

A major concern about reducing capacity is
the potential reconfiguration of a fieet. The re-
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duction of capacity could result in several out-
comes, such as increased technical inefficiency
or lower fleet profit than is possible. NOAA
Fisheries and the various fishery management
councils have not offered clear goals and ob-
jectives relative to the possibility of downsiz-
ing fleets or changing fishing strategies. Thus
far, the only clearly stated goal is the maxi-
mum reduction of capacity given funding
available for reducing capacity.

We examined technical efficiency and ca-
pacity utilization that would result from three
possible objectives of a buyback program:
maximization of technical efficiency, capacity
utilization, and the number of boats to allow
in the fishery. For comparative purposes, we
also considered a capacity reduction program
that removes predominantly part-time opera-
tors. We imposed arbitrary TAC levels; these
are arbitrary because the South Atlantic Fish-
eries Management Council has not yet deter-
mined a TAC for the fishery. We initially es-
timated the number of vessels required to land
the TAC, given that each vessel lands either
the mean capacity level or the median capacity
level (Table 5).

The next sets of analysis were for each of
the three possible buyback program objectives
(Table 6). The first considered the number of
vessels required to harvest each TAC, given
an objective of maximum technical efficiency
for the fleet; for this analysis, we used annual
estimates of capacity for each vessel averaged
over the 1995-2001 period. For this case,
technical efficiency scores were ranked from
1.0 (the most efficient) to higher values (the
least efficient). The second analysis consid-
ered the number of vessels required to harvest
each TAC, given the objective of maximizing
capacity utilization. For the determination of
the number of vessels given an objective of
maximizing CU, CU scores were ranked from
1.0 (full capacity output) to lower values (low-
est capacity utilization). The third analysis
considered the objective of maximizing the
number of vessels to remain in the fleet and
harvest the TAC. For this analysis, capacity
output levels were ranked from lowest to high-
est and then cumulatively summed and eqguat-
ed to the TAC. The capacity output levels rel-
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Table 4. Average and Optimal Values from DEA Results

1995 1996 1997 1998 1999 2000 2001
Landings (Ibs./vessel)
Black sea bass
Average 5,533 6,343 6,095 6,594 7,084 5,470 7,075
Capacity output 11,803 12,413 13,138 14,767 14,361 10,987 15,361
Cap./actual output 2.1 2.0 2.2 2.2 2.0 2.0 2.2
Other species
Average 1,219 958 1,105 780 920 876 1,189
Capacity output 2,761 1,996 2,547 2,013 2,132 1,965 3,009
Cap./actual output 2.3 2.1 23 2.6 1.0 2.2 25
Effort
Crew size (no./trip)
Average 1.7 1.9 1.8 1.9 1.8 1.9 2.0
Optimal 1.6 1.7 1.6 1.6 1.6 1.6 2.0
Days absent (no.)
Average 174 18.5 18.1 18.6 17.2 13.5 21.0
Optimal 17.3 20.1 20.6 19.6 19.0 15.7 24.0

ative to the rankings were then cumulatively
summed to develop and overall or fleetwide
measure of capacity utilization.

If management desired to reduce capacity,
under the assumption of mean capacity over
all vessels, to ensure that the fleet could not
harvest in excess of a TAC of 250,000 pounds
{Table 5), the maximum fleet size would be
approximately 19 wvessels. Alternatively, if
managers desired to match the median capac-
ity to the 250,000 TAC, the maximum fleet
size would be approximately 52. Alternatively,
if management desired to promote technical
efficiency and match capacity to a TAC of
250,000 pounds, the maximum fleet size

Table 5. Fleet Size (no. of vessels) Required
at Alternative TAC and Capacity Levels

1995-2001 Capacity Output

Potential Mean Median
TAC {13,253 1bs./ (4,853 lbs./
(Ibs.) year/vessel) year/vessel)
250,000 19 52
500,000 38 103
750,000 57 155
1,000,000 75 206
1,250,000 94 258
1,500,000 113 309

would be approximately 47 vessels (Table 6).
In this latter case, however, management
would need to explicitly target the vessels to
remain in the fishery. Next, the maximization
of capacity utilization and a TAC of 250,000
pounds would require a fleet size of 34 vessels
(Table 6); again, however, management would
have to explicitly identify those vessels to re-
main in the fishery. If management desired to
maximize the number of vessels in the fleet
with a TAC of 250,000 pounds, 81 vessels
would remain in the fleet (Table 6).

A TAC of 1.5 million pounds and vessels
operating at the overall mean annual capacity
would require an approximate fleet size of 113
vessels. If the objective of management was
to maximize either technical efficiency or ca-
pacity utilization, the fleet size, respectively,
could be as high as 102 or 100 vessels, which
represents all vessels operating between 1995
and 2001. A TAC of 1.5 million pounds, how-
ever, is more than three times the level of land-
ings reported in any year between 1995 and
2001.

Although it might be anticipated that rank-
ing by technical efficiency would result in the
least number of vessels, this is not the case for
this fishery. There is no apparent pattern of
technical efficiency relative to size. For ex-
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Table 6. Results at Alternative TAC Levels Under Maximization Objectives

Ratio of Reported

Max. TAC Fleet Size? CU to Capacity
Ob;j. (lbs.) (no. of vessels) Mean CU Mean TE Landings®
Technical efficiency (TE)
250,000 47 0.91 1.94 0.59
500,000 57 091 2.20 0.54
750,000 72 0.91 2.61 0.49
1,600,000 79 0.91 2.81 0.47
1,250,000 87 0.90 3.04 0.44
1,500,000 102 0.90 3.56 0.40
Capacity utilization (CU)
250,000 34 1.00 492 0.46
500,000 43 0.99 5.43 0.42
750,000 64 0.98 5.17 041
- 1,000,000 83 0.97 5.78 0.39
1,250,000 91 0.96 5.94 0.38
1,500,000 100 0.95 6.04 0.36
Fleet Size
250,000 81 0.91 5.02 0.40
500,000 101 0.91 542 0.37
750,000 113 0.91 5.73 0.35
1,000,000 122 0.90 6.06 0.34
1,250,000 130 0.90 6.06 0.33
1,500,000 135 0.90 6.12 0.33

* Average annual efficiency scores sorted from 1.0 (most technically efficient) to higher values (least technically effi-
cient) and capacity output cumulatively summed until it approximately equals the TAC.

® CU may be calculated using either the ratio of technically efficient output to capacity output or the ratio of reported
output to capacity output. Fiire, Grosskopft, and Kokkenlenberg suggest that CU should be calculated as the ratic of
technically efficient output to capacity output. Many government agencies, however, often use the ratio of observed or
actual output to capacity output as a measure of capacity utilization. This column reports the latter concept of CU.

ample, the engine horsepower required to
maximize efficiency for the 47 vessels, given
a TAC of 250,000 pounds, ranges from 80 to
671; the vessel length ranges from 18 to 68
feet. In essence, small vessels can be as effi-
cient as larger vessels. The same reasoning ap-
plies to the determination of the number of
vessels to maximize capacity utilization. Sim-
ply put, it is possible for many small vessels
to more fully utilize their productive capacity
than large vessels; thus, a larger number of
vessels may be allowed to remain in the fish-
ery for a given TAC,

In recent years, management has tended to
promulgate regulations that either address is-
sues related to fuill-time operators or to pro-
mote full-time operations. If a buyback pro-
gram was designed to primarily eliminate the

part-time operators in this fishery, the required
number of vessels to remain in the fishery
could be extremely low. Using days at sea as
an indicator of level of activity in the fishery,
and sorting from highest to lowest, the re-
quired number of vessels to remain in the fish-
ery relative to each TAC would be as follows:
(1) one vessel for a TAC of 250,000 pounds;
(2) two vessels for a TAC of 500,000 pounds;
(3) three vessels for a TAC of 750,000
pounds; (4) five vessels for a TAC of 1.0 mil-
lion pounds; (5) seven vessels for a TAC of
1.25 million pounds; and (6) 10 vessels for a
TAC of 1.5 million pounds,

Summary and Conclusions

NOAA Fisheries is quite concerned about the
possibility that there is excess harvesting ca-
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pacity in U.S. fisheries. It is recognized that
excess capacity typically equates to economic
waste and the potential for biological overfish-
ing. NOAA Fisheries, the FAO, and various
agencies of numerous foreign mnations are
seeking ways to measure capacity and, sub-
sequently, reduce excess capacity in fisheries.
One way of reducing capacity is the use of
buyback programs. At present, the only objec-
tive apparently pursued by NOAA in con-
ducting buyback programs is to reduce as
much capacity as is possible, given a fixed
budget for purchasing vessels.

We present results of an analysis of capac-
ity and the subsequent restructuring of a fleet
given different objectives of a buyback pro-
gram. We selected the trap fishery for black
sea bass because it is one of the less complex
fisheries of the United States, but it still has
many of the problems occurring in other fish-
eries. The analysis was based on DEA which
is a mathematical programming approach that
determines technical efficiency and capacity.
The analysis required estimating capacity for
two basic groupings, which were based on
whether or not trip landings were only for sea
bass or landings were composed of sea bass
and other species. Subsequently, each group
was further divided into five groups on the
basis of a cluster analysis of vessel perfor-
mance.

It was determined that there was excess ca-
pacity in this fishery in all years between 1995
and 2001. The fleet had the capability to har-
vest approximately 2.1 times the level of re-
ported landings. The primary reason that the
vessels did not operate at full capacity appears
to be mostly related to technical inefficiency.
The required increase in the number of days
to operate at full capacity was quite small, rel-
ative to the reported number of days vessels
actually operated in each year.

The results, however, reflect lower bound
estimates of capacity output in the black sea
bass fishery. First, because of inadequate data
on vessel characteristics and variable input us-
age, it was not possible to estimate capacity
output for all vessels landing sea bass between
1995 and 2001. Second, the estimates of ca-
pacity output pertain only to a subsection of

Journal of Agricultural and Applied Economics, August 2004

the trap fishery; again, data limitations pre-
cluded consideration of all trap-fishing activity
between 1995 and 2001. Third, some of the
input or productive factors, which were as-
sumed to be fixed factors of production, could
be changed by vessel operators (e.g., number
of traps and hauls and time fished). It would
be expected that increasing the number of
traps would increase the productive capacity
of vessel operations.

A remaining issue is what should be the
goals and objectives of any capacity reduction
program. NOAA Fisheries and other agencies
have not provided clear goals other than en-
suring that capacity cannot exceed desired sus-
tainable levels, and a buyback program should
attempt to remove as much capacity as is pos-
sible subject to a fixed budget. For example,
the capacity of a fleet should be less than or
equal to a level to ensure that landings cannot
exceed the maximum sustainable yield or
some other biological target, and as much ca-
pacity as possible should be reduced, given the
budget. As our analysis illustrates, different
goals and objectives could result in different
fleet configurations and the number of vessels
remaining in the fishery. For example, if re-
source managers decided on a TAC of 250,000
pounds for the trap fishery and used the over-
all mean capacity output per vessel, a fleet size
of 19 could be allowed in the fishery. If max-
imization of TE was of concern, a TAC of
250,600 pounds would require that only 47
vessels remain in the fishery. Alternatively, if
managers desired to maximize CU, a TAC of
250,000 pounds would require a fleet size of
34 vessels. An objective of maximizing the
number of vessels to allow in the fishery per-
mits 81 vessels to remain in the fishery, given
a TAC of 250,000 pounds. Last, if manage-
ment desired to reduce capacity such that full-
time vessels characterized fishing operations,
a single vessel could remain in the fishery giv-
en a TAC of 250,000 pounds. Given such
wide differences in the number of vessels and
the associated differences in technical efficien-
cy and capacity utilization, it is thus extremely
important that NOAA Fisheries and the Coun-
cils establish clearly articulated goals and ob-
jectives of capacity reduction programs. Al-
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ternatively, they consider the potential
ramifications of buyback programs on industry
restructuring.

References

Ballard, K., and J. Roberts. “‘Empirical Estimation
of the Capacity Utilization Rates of Fishing
Vessels in 10 Major Pacific Fisheries.” Wash-
ington, DC: U.S. Department of Commerce,
National Marine Fisheries Service, 1978,

Charnes, A., W.W. Cooper, and E. Rhodes. “Mea-
suring the Efficiency of Decision-making
Units.” European Journal of Operational Re-
search 2(1978):429-44.

Coelli, T. “A Multi-Stage Methodology for the So-
lution of Oriented DEA Models.” Paper pre-
sented at the Taipei International Conference on
Efficiency and Productivity Growth, June 20-
21, 1997.

Fire, R. *“On the Existence of Plant Capacity.” In-
ternational Economic Review 25,1(1984):209—
13.

Fire, R., S. Grosskopf, and E. Kokkelenberg.
“Measuring Plant Capacity, Ulilization and
Technical Change: A Nonparametric Ap-
proach.” [International Economic Review
30,3(1989):656-66.

Fire, R., S. Grosskopf, and C. A. Knox-Lovell,
Production Frontiers. New York: Cambridge
University Press, 1994.

Fire, R., S. Grosskopf, K. Kerstains, J. Kirkley, and
3. Squires. *“Assessing Short-Run and Medium-
Run Capacity at the Industry Levels and Its Re-
allocation.” Paper presented at the 10th biennial

345

conference of the International Institute of Fish-
eries Economics and Trade, Oregon State Uni-
versity, July 2000.

Fire, R., S. Grosskopf, and J. Kirkley. “Multi-Out-
put Capacity Measures and Their Relevance for
Productivity.” Bulletin of Economic Research
52,2(2000):101-12.

Kaufman, L., and PJ. Rousseeuw. Finding Groups
in Data: An Introduction to Cluster Analysis.
New York: John Wiley & Sons, 1999,

Kirkley, J.E., and D.E. Squires. ‘“Measuring Ca-
pacity and Capacity Utilization in Fisheries.”
Managing Fishing Capacity: Selected Papers
on Underlying Concepts and Issues. D. Grébov-
al, ed. Food and Agriculture Organization
(FAQ) Fisheries Technical Paper 386. Rome:
FAO, 1999,

Kirkley, J., J. Ward, J. Walden, and E. Thunberg,
“The Estimated Vessel Buyback Program Costs
to Eliminate Overcapacity in Five Federally
Managed Fisheries: A Preliminary Report.” Sil-
ver Spring, MD: Division of Fisheries Statistics
and Economics, National Marine Fisheries Ser-
vice, National Oceanic and Atmospheric Ad-
ministration, 2002,

Klein, L.R. “Some Theoretical Issues in the Mea-
surement of Capacity.”  Econometrica
18(1960):272-86.

U.S. General Accounting Office (GAO). “Entry of
Fishermen Limits Benefits of Buyback Pro-
grams.” Report to the House Committee on Re-
sources. Publication No. GAO/RCED-00-120.
Washington, DC: 1U1.S. GAQ, 2000.

Walden, J.B., JE. Kirkley, and A.W. Kitts. “A
Limited Economic Assessment of the Northeast
Groundfish Fishery Buyout Program.” Land
Economics 79,3(2003):426-39,






