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Technical Efficiency of the Longline
Fishery in Hawaii: An Application
of a Stochastic Production Frontier
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Abstract This paper examines the level and determinants of technical effi-
ciency for a sample of domestic longline fishing vessels operating in Hawaii in
1993. The data on per-trip costs and revenues, fishing targets, vessel ownership,
experience and education level of fishermen, vessel size, and vessel age are ana-
Iyzed using a translog stochastic production frontier, including a model for
vessel-specific technical inefficiencies. Output elasticities, marginal
productivities of inputs, and returns to scale are also examined. The technical
inefficiency effects are found to be highly significant in explaining the levels of
and variation in vessel revenues. The mean technical efficiency for the sample
vessels is estimated to be 84%. Vessels that target swordfish, and those varying
target by season, set, or trip, tend to be less efficient than those vessels target-
ing tuna and those mixing targets in all trips. Owner-operated vessels seem to
be more efficient than those operated by hired captains. The experience of fish-
ermen has a strong positive influence on technical efficiency. Although
insignificant, vessel size and fishermen’s education level have a positive influ-
ence, and vessel age has a negative influence on vessel efficiency.

Key words Hawaii, longline fishery, pelagic fishery, stochastic production
frontier, swordfish, technical efficiency, tuna.

Introduction

The management and regulation of ocean fisheries continues to be one of the biggest
challenges for fishery agencies worldwide. In most cases, the regulations which
have been developed based on traditional bioeconomic models have failed to deliver
the expected results. Several economists have provided a number of reasons why
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traditional measures have not been successful when analyzing the characteristics of
multi-product (multi-species) technologies of fishing firms in terms of profit or rev-
enue functions. Most frequently cited reasons include the disregard of jointness-in-
technology (Kirkley and Strand 1988; Squires 1987a), substitutability among regu-
lated versus unregulated inputs (Dupont 1991), and the possibility of rent dissipa-
tion through inefficient fleet composition (Dupont 1990).

In addition to technology characteristics, the knowledge of the productive
performance of individual fishermen relative to the available technology and its
interaction with other socio-economic factors can also be useful for fishery
managers in formulating appropriate regulations. Depending upon the availabil-
ity of data, the productive performance of multi-product firms can be deter-
mined by estimating production, cost, or profit frontiers (Kumbhakar 1996).
Despite recent developments and widespread use of various production frontier
approaches to assess the various measures of productive efficiencies of firms in
many industries, the application of these techniques in commercial fisheries is
very limited.! To our knowledge, Kirkley, Squires, and Strand (1995) and
Campbell and Hand (1997) have produced the only two studies that have em-
ployed production frontiers to commercial fisheries issues. The lack of frontier
studies in marine fisheries can largely be attributed to their inherent complexity
and consequent difficulty in collecting necessary production data. Furthermore,
fishery management authorities are generally more concerned with biological
aspects of fishery resources than with the economic performance of fishermen.
However, both the sustainable management of fish stocks and the efficient utili-
zation of resources associated with fishery production (such as labor, capital,
etc.) are crucial in order to maximize the social benefits of the fishing industry.

Given the inherent, stochastic nature of harvesting marine resources, the
stochastic frontier production function approach developed by Aigner, Lovell,
and Schmidt (1977) and Meeusen and van den Broeck (1977) appears to be ap-
propriate for assessing technical efficiency in a commercial fishery. Technical
efficiency measures the ability of firms to produce maximum output using a
given set of inputs and technologies.

The main objective of this paper is to examine the level and determinants of
technical efficiency of a sample of Hawaii-based, domestic longline vessels,
based on their 1993 operating cost and catch data. Due to its flexible properties,
a translog stochastic production frontier is estimated utilizing the Battese and
Coelli (1995) model for firm-specific technical inefficiency effects in order to
identify the relevant vessel- and operator-specific variables that may influence
technical efficiency.?

Output elasticities, marginal productivities of inputs, and returns to scale
are also investigated. Other efficiency measures, especially allocative effi-
ciency, are important in fisheries management, but due to data constraints, this
paper focuses only on technical efficiency.

! See Coelli (1995a) for the most recent review of these approaches, including their estimation proce-
dures.

2 Kirkley, Squires, and Strand (1995) also specified a stochastic translog frontier for the analysis of
technical efficiency of the mid-Atlantic sea scallop fishery, but they used a second-stage procedure to
determine factors explaining technical efficiencies. Recently, several authors (Battese and Coelli 1995;
Kumbhakar, Ghosh, and McGuckin 1991; Battese, Coelli, and Colby 1989) have questioned this second-
stage approach by arguing that such factors should be incorporated directly into the estimation of the
production frontier model because they may have a direct impact on efficiency.
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Hawaii’s Longline Fishery

The longline fishery in Hawaii has been in existence since the early 1900s, but sig-
nificant growth did not occur until the late 1980s. This was due to the entry of mod-
ern longline vessels, development of local and export markets for fresh tuna, and
improved swordfish fishing methods. The longline fishery is now the largest domes-
tic commercial fishery in Hawaii (Boggs and Ito 1993).

In 1993, longliners landed over 25 million pounds of pelagic species with an ex-
vessel value of $54 million. The longline catch included 79% of total pelagic catch
and 84% of the total ex-vessel revenue in Hawaii. Landings of important pelagic
species by Hawaii’s longline vessels include four tuna species (yellowfin, bigeye,
albacore, and skipjack), three billfish species (swordfish, blue marlin, and striped
marlin), dolphinfish, and wahoo (Acanthocybium solandri). The Hawaiian pelagic
fishery also lands small quantities of shortbill spearfish (Tetrapturus angustirostris)
and black marlin (Makaira indica). Swordfish (Xiphias gladius) and bigeye tuna
(Thunnus obesus) are the two major species targeted by the longline fleet. In 1993,
the longliners landed about 13 million pounds of swordfish and 4.7 million pounds
of bigeye tuna. Other selected pelagic species landed by Hawaii’s longline fishery
included 1 million pounds of striped marlin (Tetrapturus audax); 1.4 million pounds
of yellowfin tuna (Thunnus albacares); nearly 1 million pounds of albacore
(Thunnus alalunga); 0.8 million pounds of blue marlin (Makaira mazara); and 1.7
million pounds of shark, mostly blue shark (Prionace glauca) [WPRFMC 1994a].
Statistics for subsequent years can be found in various annual reports on the Hawaii-
based longline fishery (Ito 1995; Ito and Machado 1996, 1997).

The present longline fleet in Hawaii includes a few older wood vessels, wood and
fiberglass vessels, and many newer steel vessels, most of which were previously en-
gaged in the U.S. mainland fishery (WPRFMC 1995). In 1993, there were 167 longline
vessels registered with federal limited-entry permits, of which only 122 were active.

Hawaii-based longline vessels are categorized by length into three size classes:
small (< 56 feet), medium (5674 feet), and large (> 74 feet). Of the 122 vessels op-
erating in 1993, 30 were categorized as small, 48 as medium, and 44 as large (Dollar
1994). Some vessels target either swordfish or tuna, while others shift targets by
season, trip, or set. Furthermore, some longline vessels engage in the longline fish-
ery year-round, while others may switch to other Hawaiian fisheries or move to the
U.S. mainland during part of the year (WPRFMC 1995).

The older longline vessels are 42-70 feet in length and are capable of taking
two-week trips. The newer, modern vessels average 70-98 feet in length and can
travel up to 2-3 months. These vessels are often equipped with water, ice-making
machines, and modern electronic equipment for navigation, communications, and lo-
cating fish. When targeting tuna, longliners typically take 14-21 day-trips with a
captain and a crew of three. When targeting swordfish, longer trips of 30-45 days
are usually taken with a captain and a crew of four (WPRFMC 1995).

Expansion of longline activities in the early 1990s heightened the conflicts be-
tween longliners and the troll and handline fisheries. In addition, concern over im-
pacts on endangered species (e.g., sea birds and turtles) and the possibility of local-
ized overfishing led to tighter regulations for the domestic longline fishery in 1990
(Pooley 1990; Boggs and Ito 1993) and subsequent regulations for longliners under
the Pelagic Fishery Management Plan (WPRFMC 1994b).

After a rapid increase in the early 1990s, swordfish catch by the Hawaii-based
longline fleet experienced a significant decline (almost 50%) in 1994, and further
slight declines in 1995 and 1996. The reasons for these declines are still under in-
vestigation. Some preliminary explanations include a decline in catch-per-unit-effort
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(CPUE) for swordfish trips in 1994, combined with a subsequent decline in longline
effort directed toward swordfish (Ito and Machado 1997). Due to poor swordfish
catches in the central Pacific, several swordfish vessels migrated to the U.S. main-
land, and many of the remaining swordfish vessels shifted their fishing activities to-
ward targeting tuna. The recent decline in swordfish catch has generated consider-
able debate whether the swordfish stock can sustain any further increase in longline
activities. Examining the productive efficiency of the 1993 fleet can potentially shed
some light on possible future changes in longline fishing strategies. Furthermore,
the information on longline cost and production structure and its underlying technol-
ogy can be useful when considering new fishery regulations.

Data and Variables

The data for this paper came primarily from two sources. The first was a cross-sec-
tional survey of longline vessels which was undertaken for a cost-earnings study of
the Hawaii-based domestic longline fleet (Hamilton, Curtis, and Travis 1996). (0)3
the 122 longline vessels operating in 1993, 101 vessel owners and/or captains were
interviewed during May through December of 1994 to collect detailed information
on various aspects of the longline fishery, including vessel characteristics, fishing
targets, and operating costs. The second source was the 1993 sales and revenue data
from the Hawaii Department of Aquatic Resources (HDAR) commercial catch re-
ports, and dealer reports of pounds sold per trip by each vessel. Since inputs (crew
size, fuel, gear, and other supplies) were collected as averages of all trips for the en-
tire year, trip level outputs/revenues reported by the sample vessels in 1993 were
also averaged to form an estimate of output/revenue variable. Information on trip
length (days at sea) was obtained from the National Marine Fisheries Services
(NMFS) vessel inventory database, and the average days per trip for 1993 was esti-
mated in the same manner as the output/revenue variable. With the omission of six
vessels due to incomplete data, the number of vessels considered in the cost-earn-
ings study was ninety-five. For this study, another four vessels were dropped due to
missing information. Thus, ninety-one vessels were analyzed. Some key characteris-
tics of the longline fleet are discussed next, followed by a description of variables
used in the estimation of the stochastic production frontier.

The selected vessels showed considerable heterogeneity in terms of size, age,
and fishing targets, as well as experience, education level, and ethnicity of fisher-
men. Vessel size for the sample longline fleet ranged from 46 to 93 feet, with an av-
erage length of 69 feet. Similarly, gross registered tons (GRT) for the selected ves-
sels ranged from 10 to 127 GRT, with a sample mean of 95 GRT. The age of the
longline vessels varied from 3 to 68 years, with a mean age of 13 years. Of the 91
vessels analyzed, 21 targeted swordfish, 31 targeted tuna, 30 were mixed (“catch
whatever you can”), and the remaining 9 vessels varied their target by set, trip, or
season.

On average, the tuna vessels were generally smaller (64 feet) and older (21
years) than the others. Interestingly, fishing targets followed an ethnic line, with
most tuna vessels owned and operated by Koreans, most varied and mixed vessels
owned by Vietnamese, and the majority of swordfish vessels owned by Caucasians
(Hamilton, Curtis, and Travis 1996).

All output and input variables used in the production frontier analysis were
measured on a per-trip basis as, except for trip days, all data on input variables were
collected as per-trip averages. Landings of longline fleets typically feature multiple
species, often receiving different prices in the market. Thus, the aggregated quantity
of fish landed is not a suitable measure of output for the stochastic production fron-






