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The Soviet Union’s Fishing Industry and
USSR’s Foreign Trade in Fishing Industry Products

Jan Solecki
University of British Columbia
Vancouver, British Columbia, Canada

The last tea years, or as the Soviet economists would put it, the period of tne last two five year plans
{1976-80 and 1981-85) have not been kind to the Soviet economy. As can be seen from Table 1, the

per formance af the Soviet economy has been disappointing. Qutputs of the primary industrial commodities,
such as steal, ceoal, fertilizers, tractors, have suddenly leveled out or even declined. Grain harvests,
measured against plans or &gainst a standard per capita norm of 750 kq. per person per year, fell far
short of the reguirements (see Table 2). The need for the fishing industry to step in, to ease the
difficulties in food supplies, was cbviocus, but the introduction of the 200-mile economic zome has
resulted in catches below the expected planned ones (see Table 3). And this is not surprising. Within
the sea areas declared 200-mile zones by other countries the Soviet Unicn used to harvest six million
tons (mil, 1.} of aqua-products (K.A. Bekiashev, #9, 1977). In the remaining years of the X Five Year
Plan, after the introduction of the new restrictions in 1§76, Soviet landings instead of rising as
planned to 11,142 mil. t. have acteally declined and in 1982 were still below the 1976 Jevel {see Table
3.

Neither the current X1 Five Year Plan (1981-85) nor the Supplies Program (Prodovolstvennaia Programma)
issued in mid-1982 gave target figures for fishing industry landings in 1835 or 1990. The XI FYP bids
the industry "to increase the volume of commercial edible fish products {inciuding canned) by 10-12%...
to increase the yield from inland waters and coastal seas of the USSR, and at an increased rate to
enhance the production of fish in pens, pends, lakes and other fish breeding enterprises tg insure an
increase in the output from these enterprises by 1.8 to 2 (Anon. Ekonomicheskaia Gazeta, #49, 1980) times
by mzans of strengthening cooperation internationally and forming joint ventures to maintain at a
sufficiently high level Soviet catches in the fishing zones of other nations (N,P. Kudriavtsev, #1,
1981). Per capita consumption of fish in 1985 is to rise to 18.2 kg. per year compared to 7.0 kg. in
1950, 15.4 kg. in 1970 and 16.8 kg. in 1975 (see Table 5). But this was to be achieved by using 80% of
the landings for food production compared with 63.9% in 1975 and 72.4% in 1980 {see Table 4).

But the main emphasis in the future will still be given to the use of the open seas cutside of the
200-mile zones, to the USSR's own 200-mile zone and the Z00-mile zones of other countries. In spite of
the official pronouncements calling for increased landings from inland waters the situation has not
improved. The catches from these waters dropped from 350 thousand t. in 1976 to 203 thousand t. in 1980,
mainiy due to pollution by industrial and agricultural effluents and to the gperation of water intake
points without fish protection devices (I.V. Nikongrov, #6, 1982).

X1 FYP provides for an increase in the output of live and chilled fish of 40.8%, smoked fish 12.3%, dried
24.6%, delicatessen (balyks) and culinary products 16%. The increase in catches from fresh water bodies
is to be 1.7-1.8 fold (N.P. Kudriavtsev, #1, 1981), The Supplies Program (Anon. Prodovolstvennaia
programma 355R, 1982} introduced on May 24, 1982 appears to have raised the targets for the fishing
industry. The output of commercial fish from fish breeding enterprises was to increase during the decade
about three times. Output of edible fish was to rise by 1985 to 4.2 mit. t. and by 1990 to 4.3-4.5 mil.
t. Canned fish production figures are 3 billion and not less than 3.2 billion standard cans
respectively, The total volume of landings is to rise to 9.77 mil. *_ and the rataut ofF Figh meal to
reach 500 thousand tons (E.A. Romanov, #12, 19B2).

To cope with its assignments the fishing industry has at its disposal 90 scientific research, design and
construction orgamizations, 68 academic institutions, 351 production and research/production

" .
Unless stated otherwise, the number refers to the Russian language journal Rybnoe Khoriaistvo
(Fisheries Economy), published in the USSR, '
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Table 2. Grain Qutput Planned, Needed and Harvested, Mil. T,

Year Planned Needed* Harvested

1950 - 133.8 Bl.2

1960 - 159,13 125.5%

1961 162.2 130.8

1962 165.0 140.2

1963 187.6  837.0 107.5 651.7
1964 170.0 152.1

1965 172.2 121.1

1966 174.1 171.2

1867 1 176.1 147.9

1968 847.2 177.9  B88.9 169.5 837.8
1969 179.6 162.4

1970 181.¢2 168.8

1471 195 x 5 182.9 181.2

1972 2 184.7 168.2

1573 975 186.4 932.1 222.5 907.7
1574 188.72 197.5

1975 189.9 140.1

1976 215 x & 191.7 223.8

1977 220 x 5 3 193.4 195.7

1978 1075 195.0 975.¢2 237.4  1025.:
1979 1100 196,8 179.2

1980 198. 3 189.2

1981 238 x 5 3 199.9 160.0

1332 243 » & 1190 (714) 201.6 6D4.9 180.0 530
1983 1215 (729} 203.4 190.0

1984

1985

* It is assumed

1. Directives of
the USSR over
output during 1961-65 was 651.7 mil. t.: therefore, 1966-70 was to be B847.2.

Moscow, 1966, p. 30.

2. Directives of
economy of the USSR over 1971-75.

that 3/4 of a tonpe per capita per year i3 needed.

lzd.

XX11I Congress of CPSU on the five year plan for the development of national economy
1966-1970 vequired an increase of 30% aver the output of the previous FY period. The

Polit, Lit,

the XXIV Congress of CPSU on the five year plan for the development of the national
Izd. Pol. Lit. Moscow, 1971, p. 33.

3. Main directions of the development of the mationa) economy of the USSR over 1376-80. Politizdat,
Moscow, 1976, p. 50.

A. Main directions of the economic and social development of the USSR for 1981-85 and for the period
to 1990.

Pclitizdat Moscow, 1981, p. 46.
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Table 3. Output of the USSR Fishing Industry

Fish, etc. Landings Canned Fish Qutput Edible Fish Products
Year Mit, T. Mil. S.C.* Mil. T.
1917 893
1920 257 4
1922 483 329.7
19390 1,283 161,2 a
1940 1,404 124 823.7
1950 1,755 200
1960 3,541 726
1961 5,774 a a77
1970 7,828 1976-50 1,393 5
1975 10,357 Plan 2,207 4,000
1976 10,478 10,514 2,377
1977 9,651 10,671 2,467
1978 9,230 10,828 2,669
1879 9,359 10,985 2,813 3 3
1980 9,526 11,142 2,830 P, 3000 4,700p
1981 9,600 2,927
1982 10,000 2,853 &
1985p 3,000 4,200°
1990p 3,200 4,300-4, 500

*s.C. = standard can = 353.4 grams

1. Marodnoe Khoziaistvo SSSR (USSR National Economy) Statistical Year Books. Statistika Moscow.

2, MNarcdnoe Khoziaistvo SSSR 1922-1977 (USSR National Economy 1922-1977). Statistika Moscow, 1978,
p. 21.

V. Kamentsev. Perspektivy rozvitia rybnogo Khoziaistva Planovoe Khoziaistye 1978, #1, p. 9-18.
4. E.A. Romanov. Rybnaia promyshlennost za 0 let. Rybroe Khoziaistve 1982, #12, pp. 3-11.

5. M.6. Ilchuk, L.P, Kuzmina, N.F, Kalishchuk, 0.1. Rodionova, T.v. Senko, M.G. Spitsina, L.4.
Filippovich, ¥.V. Chernova. Ekonomika organizatsis i planirovanie proizvodstya na predpriatiakh
rybnoi promyshlennosti (Ecanomics, Organization and Planning of the Qutput at the Enterprises of the

Fishing Industry). Legkafa i pishchevaia promyshlennost. Moscow, 1982, p. 303.

6. Prodovolstyennaia Programma SSSR na period do 1990 goda (USSR Supplies Program for the Perigd up to
1990). Pravda, 27.v.1982.

Table 4. ytilization: Percent of the (atch

1975 63.9¢ 63.83

1980 70.0l 74.43 72,44
1981 7312

1982 75.01

1985 75.01 75.02

——— e

1. MN.P. Kudriavisev, Prodovolstvennaia prograsma | rybnoe Khozlaistvo (Supplies Program and the

Fisheries). Rybnoe Khoziaistvo 1982, #9, pp. 3-4,

2. E.A. Romanor, Rybnaia promyshlennost' zs 60 let (60 Years of the Fishing Industry}, R
Khoziaistvo. 1982, #12. pp. 3-11. Ybnoe
3. N.P. Kudriavisev, 1st Deputy Ministar of the Fishing Industry of the USSR,

odinnadtsatot piatiletke {Fishertes in the Eleventh five Year Plan).

fybnoe khoziaistyg v
w. 3-70

Rybnoe Khoziaistvo, 1981, #1,

4. L.I. Borisochkina, Puti povyshenia vypuska pisichevo! rybaod prod

_ uktsﬁ (Ways of ] .
Dutput of Edible Fish Commodities). _.M Khoziaistvg 1983, .12’ BP. 60-63. nCreasing the

L



Table 5. Per Capita Fish Zonsumption in the USSR

1913 6.7+
1950 7.0!
1955 3.1}
1960 9.9}
1965 12.6"
1970 i5.4°
1975 16. 8}
1980 17.67
1981 18,02
1982 18.47
1985p 18.2°
1950P 19.0

1. N.P. Sysoev. Ekonomika rybnoi promyshlennosti {Ecomomics of the Fishing Industry). Pishchevaya
Promyshlennost) Moscow 1976, p. 7.

2, Statisticheski yezhegodnik stran-chlenov Soveta Exonomicheskoi Vzaimopomoshchi 1983. Finansy i
Sratistika (Statistical Year Book of the Comecon Memher Countries 1983). Moscow 1983, p. 48.

3. V.M. Kamentsev. Zadachi rybakev v razvitii Prodovolstiveanoi Programmy Strany (Fishermen's Tasks in
the Development of the Supplies Program). Rybnoe Khoziaistvo, 1983, #1272, op. 15-17.

4. S.A. Studenetski. Prodovolstvennaia programma i zadachi rybokhoziaistvennoi nauki {Supplies Program
and the Tasks of the Fisheries Economics Science). Rybnoe khoziaistvo 1983, #1, p. 3.

amalgamations and industrial enterprises, 440 trading grganizations (382 of these retatl outlets of which
116 were opened during 1975-80 period), over 250 refrigeration plants with one time capacity of nearly
400,000 tons of fish, 1In all the fishing industry has 54 fishing, refrigeration basis for the fleet, 19
ports, 244 fish processing, 198 fish breeding, 66 ship repair and metal working plants, 17 packaging
material manufacturing and 7 net knitting enterprises (E.A. Romanov, #12, 1982).

The Ministry of Fishing of the USSR was instructed to undertake measures to considerably expand and
renovate the assortment of fish products, improve the quality and taste, gouble the output of live and
chilled fish during the decade. During the current decade 200-240,000 tons of refrigeration capacity is
to be commissioned.

The pressure to meet the targets, to produce more edible products from constant and even diminishing
catch has indeed led to increased output, but with some undesirable consequences. “The wholesale trade
system handled by Soyuzrybpromsbyt (A1l Union Fish products Selling Organization) and the retail
organizations of the fisheries enterprises amalgamations (centres) began to experience difficulties in
selling some types of fishing industry products, including such items as frozen ocean fish classed as
small group 11 and I11, in particular moiva, frozen sardines, salted and marirated products, pastes from
scad, mackerel and some other species of fish. Delays in selling these products resulted in tying up
transportation and other vessels and box cars which in turn affaected the wark of fishing vessels at sea
and resulted in certain restraints to production® {E.A. Romanov, #12, 1983). .

An important consideration from the Soviet point of view is to secure an adequate resource base for
fichaeriss aperations. Being the cwner of the largest fiching fleet the USSR has tried to establish and
maintain good reiations with other countries. At the start of the eighties tme Soviet union had 66
bilateral agreements with 39 countries and 13 multilateral (V.M. Kamentsev, #2, 1982).

Fishing Fleet

The mainstay of the Soviet fishing industry is its fishing fleet. In 1978 it gave the country S0% of the
tota! catch, about 85X of fish products, 40% of canned fish and nearly all the fish meal. Eighty percent
of the industry's production capacity was its fishing fleet (Kamentsev, #1, 1978). However, by the

5




beginning of 1981 this figure dropped to 79% indicating a tendency towards giving a greater importance to
shore installations (N.P, Kudriavtsev, #1, 1981).

As is the case with many other resources in the USSR there is a considerable disproportion between the
production capacity and the demand for fishing industry products. MNorth Western, Baltic and the Far
Eastern regions of the USSR with only 10.8% of the country's population had 86.8% of the capital _
equipment of the industry. 1In 1977 they employed 72.5% of the industry's labor, caught 77.8% of fish and

produced 73.9% of industry's gross output (Sysoyev, #1, 1980). Given below are details of the
composition of the Soviet fishing fleet (see Table 6).

Table 6. Fleet of the USSR's Ministry of Fishing Industry Registered in the USSR on July 1, 1982 (Self
Propelled Yessels of Gross Capacity of 100 reg, tonnage and above)
Type of Vessel Number Gross Registered Tonnage Deadweight Tonnage

1, Passenger and Passenger/Cargo 11 6,653 5,650

2. DOry Cargo 544 1,436,297 1,361,298

3. Tankers ' 107 230,256 286,012

4, Technical 30 18,377 8,530

§. Fishing Z,56% 3,307,442 1,839,886

6. Specialized 214 1,589,286 1,211,586

7. Auxiliary _ 33 138'234 90,770

TOTAL 3,811 6,726,545 4,804,730

1. A vessel carrying more than 12 passengers,

2. A vessel for transporting non-liquid cargo,

3. A vessel for transporting liquid cargo.

Cranes, dredges, barges, floating workshops, pump stations, etc.
5. Fishing and fishing-and-processing vessels,

Research expeditionary, geographic, training vessels, whalers, processing vessels which do net do any
fishing.

7. Tugs, rescue vessels, messenger carriers, pilot carriers, oil cleaners, divers, fish protection
sanitatton vessels, port fuel supply vessels, vessels for collecting waste oil, bilge water
tollectors, etc. (Rybnoe Khoziaistve 1983 No. 4, p. 54)

Fishing Industry's Position in the Soviet Economy

Difficuliies experienced by the USSR in agriculture enhanced the position and the status of the fishing
industry. Due to the increase in the volume of landings and especially due to more intense yse of the
catch, the per capita consumption of fishing industry products already in 1982 reacked 18.4 kg., which
exceeded the growth rate envisaged by the Supplies Programme and the inftial norm estahlished b_;‘ the
scientists (E.A. Romanov, #12, 1983). As can be seen from Table 1, whereas 1980 consumption of meat
amounted to only 0% of the norm recommended, of milk 78%; of egys B2X that of fish was 97%, ang positi
of fish had further improved betwsen 1980 and 1982. By 1983 in meat/fish contribution to g on
accounted for one quarter of the total amount. Furt

jet, fish
hermore to obtain one kilogram of fish t
state has to spend only about one third of what is needed for meat productiuno?s.k. Studenegzggeiglthe
1943, ' |

In 1977-78 fishing industry employed 800,000 people of whom 160,000
training (A.A. Ishkov, #11, 1977). This is equivalent

force as a whole. According to 3 later source (M.G.
fishing industry organization were employed over BS0,
were 438,000 people engaged directly in the producti

; had university or specialized

to 20% compared with 23, 6% for the natin:al labor

ganuk. et al.), on January i, 1981, in the complex

e people of whom in the Fish handiing branch ther
brocesses  ¥alue of capita) ®

assets of tha
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Tanla 7. per Capita Annual Censumption of Selected Food Products in the USSR

Recommended Percent

Commoaity Nort Per Year 1565 1970 1975 1580 of the Norm 1990P
Meat and neat 52 4l 43 57 58 {70) 70
prodqucts, Kg.
Milk and milk 405 251 iov 316 34 {78) 330-340
products, kg.
Eggs, units 297 124 139 216 239 (82) 260-266
Vegetables, «9. 146 72 8z 2% 93 126-135
Fruit, kg. 113 28 35 37 R 66-70
vegetable oil, g 7.l 5.8 L) 8.8 13.2
margarine, kg.
Fish and fish 18.2 172.6 15.4 16.8 17,6 {97} 19
products, k4.
Bread, pastry 110 156 149 141 139 135
products
Potato, kg. 97 142 130 70 112 110
Sugar, kg. 40 34.2 38 40.9 444 5.5

Source: S.A. Studenetski. Prodovolstvennaia programma i zadachi rybokhoziaistvennoi nauki (Lonsumer
Suppliers Programme and the Task of the Fisheries Science). Rybnoe Khoziaistvo. 1983, #1,
p.

industry amounted to 10 billion. v...Fishing industry accounted for 8% of the gross output of the food
producing industries of the country (M.G. Ilchuk, 2t al.}

1n spite of the set back caused by the introduction of the 200-mile economic zone, the Soviet uynion takes
an optimistic view of the future possibilities for the fishing industry. [t is said that "the present
day knowledge about worid oceans makes it possible to assert that its biological production amounts to
hundreds of billions of tons, while only an insignificant amount is ubilized; 75 miliion toms. It is
pointed out that according to FAQ, in 1980 approximately 30 million tens of bioresources of shelfs have
not been used (S.A. Studenetski, #1, 1983},

One of the features of the Soviet Union's stand in respect to the fisheries resources is her stressing
the cutsiders* right to unutilized resources of the 200-mile economic zone of other countries. While
discussing the ILI UN Conference on the Law of the Sea ¥.l. Ikriannikov of the Ministry of the Fishing
Industry of the USSR states “The most important stand of the convention in respect to live resources of
the economic zone is the obligation by the coastal state, side by side with the conservation of the
resources, o insure their optimum utilization, and arising from this a position aboui the obligation to
parmit foreign fishermen to enter the economic zone 1o harvest residue of the allowable catch® iv.l.
fkriannikov, #3, 19837. (Emphasis mine, J.5.)

Natural Resources of the Soviet Fisning Industry

Restrictions placed on the Soviet fishing industry operations by foreign countries have encouraged the
Soviet scientists to take a cleser look at their gwn resources, consisting of continental shelf, the
resources of the shore line, and those of the inland waters. ’

The USSR's continental shelf area, excluding Aral and Caspian Seas, amounts to 6.6 million sq. km. or
approximately one fourthn of that available in ihe world. Furthermore, tha area of the cshelf jess than 50
m, deep (also excluding Aral and {aspian Seas) amounts to 3.2 mii. sq. km. or nearly 50% of the shelf
area of the USSR and 11.8% of the world shelf. The overall Tength of the shore Tine in the USSR is more
than 60 thousand km. (V.P. Zaitsev, #8, 1978), However 80% of the USSR's shelf is in the Arctic region
and requires special attention (A. Alekseev, L. Dushkina, et al., Pravda 4, Augusi i978). For example,
the White Sea is comsidered particularly vulnerable because of the pollution coming from rivers emptying
intp it and which already now threaten the flora and fauna of the sea (A. Aleksesv, L. Dushkina, et al.).
The area of the shelf adjoining oil and gas bearing regions of the USSR amounts to 2.5 mil. sq. km. or

?




nearly 40% of the total. The most promising as possible sources of mineral resources are_taspian,
Okhotsk and Bering Seas, a fact not necessarily favoring the fishing industry. (For details of the
US5R's continental shelf see Table 8). Furthermore, the Soviet Union has in all 377 thousand sq. xm. ¢
shoreline waters less than 25 m. deep of which 38 thousand 5Q. km. are thought to be suitable for
mariculture, It is estimated that between 348-800 thousand t. of plant vegetation, 290-350 thousand t.

of crustaceans and 340-900 thousand t. of fish could be bred within this shallow 2one alare (P.A,
Hoiseev, #Z, 1980) (see Table 9},

Table B. USSR's Continental Shelf, Thousand 5q. Km.

Sea Total Area Shelf Area Shelf Less Than 50 1. Jeep Length of Coastlir
Aral 66 66 65 6,617
Caspian 194 250 156 6,100
Azov 39 5 39 2,686
Black 413 120 45 2,040
Baltic 385 385 216 1,200
White 89 89 60 2,500
Barents 1,405 660 70 4,600
Kara 883 g00 880 950
Laptev 650 430 370 7,500
E. Siberian 901 860 660 5,918
Chukotka 582 hg2 190 1,620
Bering 2,304 1,020 4430 5,251
Okhotsk 1,590 620 150 10,440
Japan 980 B0 30 3,070

TOTAL 6,051 3,374 60,492
Note: The area of the shelf of the Barents and Kara Seas is shown within the limits of 200 M.

isobath, the length of the coastline of Caspian, Black, Baltic, Barents, Crukotka, Bering and

Japan Seas - portions within the limits of the USSR,

Source: V.P. Zaftsev. Ispolzovanie prirodnykh resursov shelfa i €90 dreobrazovanie (Dtilization of th
Natural Respurces of the Shelf and its Re-shaping). Rybnoe Khoziazistva. 1978, No. 8, pp. 8-1

The size of the Soviet Union guarantees the availability of natural conditions for inland fishing and
fish cultivation, Within the USSR there are 600,000 km, of rivers that can be of value tg the fishing
industry, there are 280,000 lakes with an area of 25 million hectares, and there are over 200 large
reservairs with an area of nearly 6 million ha. (V. Kamentsev, #1, 1978).

Mariculture in the USSR {(similarly as elsewhere) is a relatively new field.
neglected it are: (1) traditional orientation to fishing in seas and oceans
commitment of labor and material to it, (2) relatively severe climate over the large portion of the
shelf, {3) anthropogenic action upon inner seas, {4) unfavorable geomorphology of the coastline in many
regions and (5) absence of experience, and Yack of a material and technical base necessary for
cultivating marine organisms on an industeial scale. In the USSR, mariculture has ceased to be an objet
of purely scientific research and development but has mot a5 yet become a sphere of industrial
tultivation of valuable sea species. However, promising lines have been chosen, and these aro:
East: Breading of salmon, okhotsk herring, scallop, mussels, oysters, sea cucumbers, laminaria,
gratsilaria and kostaria. For the Sea of Azov and the Black S5ea: mullet, fleunder, sturgeons, bandad
sea perch, steelhead salmon, mussels, glacilaria, Ffor the European Nerth: Atlantic salmon, ¢oho salmor
mussels, laminaria. For Baltic basin: rainbow trout, sea trout and coho salmon. Ranching forms of
marine aquaculture have been developed and popuiarized. These are combined with artificial repreductior
mainly of salmon and sturgeons. Over 60 fish rearing enterprises located within coastal regions and on
inner seas release annually over a billion juveniles of salmon and over 100 million of sturgeons
Regional enterprises of ranching type are mainly for salmon in the Far East and for in
South of the country, where {n the face of intense anthropogenic interference it was possible not only 1
naintain but also to increase the populations of the very valuable diadeomous fish, |In the Sea of d
Okhotsk natural spawning conditions have baen improved since 1976, Here 50,000 sy. m, of ariiticiai
spawning grounds have been put sut which has helped in rebuilding t

he population of Okh i
1985 1t is planned to put out some 700,000 sa. m, of such spawning grounds. orsk herring. By

The reasons given for havit
and the consequent

Far

The USSR has had some experisace with successful results in pen breeding of sturgeons ;
coastal waters of the Baltic, Sea of Azov and the Black Sea, mainly in fishing cg,}ectggg ::l::ns in the
{kolkhozes}. Further success would depend on build

ing storm resistent pen structures, on i
rearing methods, better medical care and the supply of the appropriate food, Cultivaiion g:rgﬁﬁzlngrae
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and especially bivalve molluscs comearcially is the most common. }
particulariy favorable conditions, though opportunities alsa exist in Azav Sea, It is possible to
cultivate commercially Yezo scallop, Pacific oyster and Mediterranean nussels. Since the late seventi:
in Posyet Bay experimental /commercial cultivation of sea cucumbers ang oysters has been carried out.
Arnually up to ten million sea cucumbers have been collected and placed in pens, The first batches of
commercial product have now been collected, Work is also being done on acclimatization of species.
Thus, Far Eastern mullet is being introduced into the Caspian and 81ack Seas, Black Sea mullet is be?ﬂ!
introduced into the Caspian and the Far Eastern pink salmon have been introduced into Barents and Whitd

>ess (S.A. Patin, #2, 1384). Sterlet and Lena sturgeon were introduced in the Oka [V.K. Kiselev. 16,
1978).

In the Far Eastern JSSR there exist

Enthusiasm is expressed about breeding fish in ponds. This type of fish breeging was started in the
thirties. In 1960, the area of ponds amounted to over 50,000 na. and 14,100 tons of fish were grown it
them, mainly carp. Ouring 19560-1975 the area of ponds trebled and the output increased tenfold., 3y 1!
pond darea increased still fyrther ta reach 208,700 ha. and the output of fish climbed to 166.4 thousan

t. Yield reached 1060 kg./ha. of marketable fish (E.A. Romanav, #12, 1982). By 1985 65,000 ha. of ne
ponds are to be built while 30% of the existing ones are to be rebuilt and re-egquipped. The output of
commercial fish from them is to rise to 300,000 tons. Yield from ha. in ponds is to reach 1480 kg. Tt
1982 yield from feeding ponds was 1220 k

g./ha. and the plan for 1984 sets a target of 1380 kq./ha. {E.}
Romanov, #1, 1984).

Reservoirs. Extensive hydroelectric construction programs carried out in the USSR during the past thre
cades have resulted in an area of reservoirs covering gver 11 million ha., 50% of which are considert
to be suitable for fishing industry operations. There are in the USSR over 200 large reservoirs of wh

120 serve hydroelectric projects. In addition next to thermal power stations there are cooling ponds
with a total area of 140 thousand ha.

Arnual catch from large reservoirs has been 50-60,000 tons.
kg./ha., but in some reservgirs the yields have been cons ider
Resarvoir 50 kg./ha., at Kremenchug 40,

The average productivity has been lD—?Z
ably higher, for example in Tsimlanski
in Kahovski approximately 30 kg./ha.

Based on the reservoirs there are at present 18 fish breeding plants and hatcheries capable of groducir
250 million larvae, 141 million yearlings and 69 m

illion two-year old fish, Over the past two decades
3.2 million breeders, nearly 30 miliion different size fish, 400 million young and over a billign of
Tarvae of 33 commercial species of fish have been introduced into reservpirs. Among the plant eating
species introduced were braam, zander

» wild carp {sazan), carp, carassius, sturgeon, peled, omul,
white-fish, cisco, blue bream, vimba, roach and others,
From the reservoirs are caught annually 10,000 tons of acciimated fish, of which 6,000 tons wers plant
feeding.

Over the same perlod of time 361 million food or
Yadders and platforms, fish lifts (hydraulic and
instatled {M.L. Kashintsey),

ganisms have been introduced tnto reservoirs, fish
mechanical) and fish sluices and other devices have be

Utilization of hot water from thermal, and atomic power stations and alsa of geothermal waters ig
considered to be promising in fish breeding and is being given considerable attention. It is stated th
in such water fish grows and reproduces 2-3 times faster than can be reared all the yaar vound. They
grow more intensely and have a high rate of survival during the subsequent rearing in ponds. OQutput of
fish in such cooling bodies of water can in the not top distant future reach 100,000 tons, In the
cooling pond of Imievskaia power station in Kharkov oblast and in floating pens the yield obtained was
over 100 kg. of carp per sq. m. At Mironovski enterprise in the Ukrain eguipped with pools, in winter
the yield of trout has been 60 kg. per sq. m. of the rearing area. “Utilization of warm waters makes i
possible to create a new, more progressive branch of industrial fish breeding. 1t results in 4
considerable saving of agricuitural land, the production base is ciose to industrial centres, it can ba
fully mechanized thus resulting in a rise in labor productivity 2.5-3 fold, The area occupied far such
installations is hundred times less and the yield exceeds the yield from pond

Kamentsev, #1, 1978). It is suggested that in the future construction of fisg
should be included in the preparation of the plans for the construction of th
financed as part of such construction,

s by thousand timegn (V.
h breeding enterprises
B power stations and be

The optimistic forecasts and valuations found in the Soviet press and technical literatur

take:pas likely to be realizable. There is evidence to show that tike any other eccnomy.et;203331:gt o
is prone to maifunctioning. For example on 1} February 1983 Pravda published some of the results of an
examination of 20 fish breeding enterprises, which over the previmg:s SEHER ¥RAT3 received some 49 ml?n
Rubies in Mivesliealy, Tne results ot the examination showed that the prodiction capacity in them b
being utilized only 64%. The Don carp was found so debilitated that its weight dropped froq 500 tongga
gr. More than 25% of the feeding area became shallow due to neglect. (ut of 13 reed cutting machi
eight were out of commission. A model enterprise could not even upply 1tself with figp stocks .
result the Kovecherkask combine of Donrybprom, created in 1975 ‘

: As a
» Q4ve in 1982 2.7 §
8,000 and the situation in others was even worse. +700 k9. of fish instead o
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Expenditure of feed exceeded the norm by 1.5 times. 1In Kuibyshev production group the Suskanski
enterprise produced less than 50% of 10,500 kg. planne¢. One third of the ponds were found to be
salinated, overgrown with weeds, becoming mud patches. Fish food was s0ld on the side, part of it was
stolen. For example in Solutsevski fish breading enterprise oot of 395 tons of fish food 217 were sold
illagally. Awverage weight of fish was 200 gr. A similar situation was found in Briansk in Kaluga
Oblast. Trained specialists hired by the industry left their jobs. Out of 590 specialists hired one
year earlier 360 left. As A result the head of the Administration of pond fish breeding of the Ministry
of Fisheries of the Russian Soviet Federated Spcialist Republic, A. Korenevski, was sacked, Deputy
Minister P. Sypugin was reprimanded and other correct ive measures were taken (Pravda, 11 February 1983},

An interesting manifestation of the Soviet desire to held on to the right to use common marine resources
is their attitude to the restriction on whaling which they have been vigorously fighting.

Analysis of the material data on the evaluation of the state of reserves of whales
shows that there are adeguate grounds to maintain into the future the axisting
rational whaling in various regions of the World ocean on the essential condition
that it is aone in accordance with the objective recommendat ions of the Scientific
Committes of the Tnternational Whaling Commission and observing the currently
operative regulations for whaling, while maintaining strict international control.

Certain decisions taken during the last few years by the iWl, specifically banning
pelagic hunting of whales {except for Balaenopteridae), and also complete banning of
the aperations afzer 1985, (apart from hunting by the aboriginees} nhave no scientific
basis. Furthermore, they have been taken in the shsence of any recommendations of
this kind from tne Scientific fommittee.

Such an action by IWC only shows the cne-sided and extremely tiased approach by a
number of countries, with the U.5. at the head, with respect to whaling, all of which
harms international cooperation in the field and also contradicts the principles of
rational utilization of the rescurces of the World Ocean...

...Although there exist full possibilities to retain whaling on scientific grounds,
the actions of the opponents of whaling are in essence directed at changing the IWC
exclusively into an environment protection agency {M.¥. Ivashin, R.G, Borodin, #10,
1981).

Two months later the subject was raised again in the same tone.

The Soviet Union strictly adheres to the princinle laid down at the International
Convention on regulations of the whaling industry {1%46) and the existing regulations
on whaling. In these circumstances it is so much more surprising that a number of
environment protection organizations accuse the USSR of violating some of the
positions of the convention. Furthermore, some of them presume to have the right to
check upon the actions of the USSR, as for example in respect to the utilization of
grey whales (which have been killed for their own needs by the Chukotka population).

In spite of the tense situation in the IWC, the Soviet specialists, on the basis of
the present level of knowledge with respect to the various problems of piology,
support the idea of raticnale use of resources of whales, bearing in mind the
recommendations of the Scientific Committee of the INC {(1.¥. Nikonorov and M.V.
Ivashin, #12, 1983},

USSR's Foreign Trade in Fishing Industry Preducts

&< can be seen from Table 10 the share of the fishing industry products in the Soviet Union's exports in
recent years has steadily declined from 0.73 of one percent in 1970 to 0.28 in 1982. Furthermore,
although exports continued to grow in absolute terms until 1979, so did the imports, so that after 1979
there has been a perceptible drop in the net exports by the industry amounting to over 50 million rubles.

Looking at the individual commodities (see Table 11) we can see that the volume of fish exports dropped
from 434 thousand tons in 1980 to 303 thousand in 1982, or by 59.7% while the value declined from R,122.6
million to 89.7 or by 36.6%. During the same period the volume of exports of canned fish dropped from
91.9 million standard cans (s.c.} to 70.0 or by 30X and this value dropped from R.38.8 million to R.34.2
million or 13.4%. Exports of canned salmon dropped from 18.0 to 11.6 million s.c. or by 55K while the
value declined from R.12.1 millron to R.16.3 miiiion or Dy i7%. Cxparts of canmed crab dropped from 5.7
miltion s.c. to 5.0 million or by 4% while the value jncreased from R.17 million to R.17.5 aillion or by
3L. Exports of whale meat decreased in volume from R.10.3 to R.10.0 mi1lion or by 1% while the value
rose from 12.9 to 13.4 thousand tons or by 4%. Exports of fish mea) dropped in volume from 22.5 thousand
tons to 8.9 or more than two and one half times while the value dropped from R.5.24 million to 2.4, or a
1ittle more than two times. We can see therefore that in almost every case the drop in value of enporis
was lass than in volume, indicating that the USSR was able to raise the prices, {See Tables 11 and 12).
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Table 10. LSSR's Foreign Trade in fishing Industry Products Kil. R.

Total Fish, Ind, Total Fish Ind. Net
¥ear Siports Exports 1 of A Imports Imperts % of B Exports
1970 11,520 83.8 0,73 10,565 14.9 0.14 68.9
1975 24,030 157.4 0.66 26,669 25.0 0.09 132.4
1976 28,027 157.8 2.56 23,7313 20.3 0.07 137.5
1977 13,756 155.3 0,47 30,097 33.5 0.11 121.8
1978 33,668 174,86 0.52 34,557 29.9 0.09 14,7
1979 42,426 215.% 0.51 37,881 5.1 0.0% 181.8
1980 43,635 214.4 0,43 44 4BZ 58.9 0.13 i55.5
1981 57,108 199.1 0,34 52,631 55.7 0.1 143.4
1982 63,16% 178,2 0.28 56,4:1 31.6 0.09 127.6

U.5. %100 = R.81.45 Ekonomicheskaia Gazeta #28, 1984, July.

Sgurce: Ymeshuiaia Teryowla SS5SR (USSR Fareign Trage) Finansy i Statistika, Moscow, Yearhooks 1970-1972.

The most important importers of fish from the USSR were Japan which in 1982 took 63,293 tons wvalued at
R.12.4 millign. Cuba took 41,962 tons valued at R.24.4 million, Portugal 29,997 tons valued at R.7.9
million, Egypt 21,942 toms valued at R.8.2 million and Nigeria 18,663 tons valued at R.4.9 million. The
prices these countries paid per ton were: Japan, R.196.2; Cuba, R.582.2; Portugal, R.265.7; Egypt.
R.374.4; Nigeria, R.313.5. The average price was R.296.3.

The mest important importers of canned fish were (zechoslovakia which took 23,444,000 s.c. valued at
R.9.2 million, followed by Cuba with 13,357,000 valued at R.6.3 million, France 5,004,000 valued at R.3.3
million, Poland 4,430,000 valued at R.1.8 and Hungary 3,621,000 s.c. valued at R.1.4 million, paying
respectively: Czechaslovakia, R.0.39; Cuba, R.0.47; France, R.0.67; Poland, R.0.41; Hungary, R.0.40;
with the average price being R,0.49,

The most ‘mportant importers of canned crab were Frange, which took 2,332,000 s.c. walued at R.7.1
million, Japan 1,419,000 s.c. valued at R.6.2 millign, Belgium 585,000 s.c. valued at R.1.9, Netherlands
142,000 s.c. valued at 0.4 million and West Germany 119,000 s.c. valued at R.0.5 million. They paid
respectively: France, R.3.02; Japan, R.4.33; Belgium, R.3.37; Netherlands, R.3.15; W. Germany, R.3.93;
with the average price being R.3,5%3 per standard can. £Zxcept for a very small ampunt going to
{zechpslovakia all canned crab went to hard currency countries.

The USSR's imports of fishing industry products came primarily from Iceland which supplied R.36.2 million
worth out of the total R.51.5 millicn imperted. From Iran came R,1.7 million worth of fish and R.5.7
million worth of black caviar.

A1 difficulties notwithstanding the Soviet fishing industry has managed to give the economy in 1382
R.127.6 million worth of exports net, or 156.7 million U.5. dollars.

Internal Trade

In Table 13 are given figures of the USSR's retail trade inside the country and the position of the
fishing industry products in it. As can be seen from the table, the rate of growth of the fishing
industry preoducts sales, taking 1940 as one, has been 14,53 times compared with the rise in the overall
value of retail trade for the country of 13.10 times,

The share of fish products in total retail trade has declined from 3.9% in 1940 to 3.4% in 1982, The
share of fish in the fishing industry sales reached the peak of 60.6% in 1970 and by 1982 dropped to
52.7%, the share of herring dropped steadily from 32.8% in 1965 to B.4%3 in 1982 while the share of canned
products of the industry grew from 9.2% in 1940 to 40.8% in 1981, It dropped 2% in 1982 to stand at
38.9%. The current aim is to give the country more fresh and lightly chilled fish as against frozen, and
also to provide the population with fish products packaged for individual comsumption rather than in
Yarge contziners (=eec Table 12).

Conclusion
In conclusion it can be said that the fishing industry continues to maintain its important position both
at home and in terms of its contribution to foreign trade. In the future the main efforts will be

directed towards securing as much as possible of the resources of the open oceans, even though it is
recognized that to da this will require heavy investments to improve the metheds of locating and
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harvesting the riches of the sea. This will involve expenditures on new types of fishing vessels and
gear,

Otitization of resources of other nations' economic zones will continue to be another important goal to
be achizved through negotiations and cooperation inm pperatisns. Falliowing the general trend of the day,
wore effort will be put into maricultuyre andé to developing and utilizing inland water resources, but
because of the clash with the needs of agriculture and in particular with the industries, which are
accorded a higher degree of priority, some lack of success in tnis area will be tolerated.

The priority accorded to the fishing Industry will depend on how well administrative problems in
agricultyre will be resolved and to a considerable extent on the vagaries of weather and international
relations. In spite of its huge size, the Soviet Union has a Vimited amount 2° agricultural land; only
abost 10% of the land area, while her population continues to grow adding the equivalent of the
population of Wew Zealand every 18 months. Providing the papJlation with food will continue to be a
cnallenge and there will always be a place for the fishing industry. Most important from the rest of the
world®s poiat of view is that the Soviet fishing industry will be encouraged to be aggressive in the
struggle for the resources of the world's oceans.
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The year 1977 will have a special place in history. By the end of that year, most of the coastal nations
of the world, both developed and developing, had declared extended fishing zones, The significance of
this development is that it ‘...brought the bulk of the world's commercial fish stocks under undisputed
Management authority® (Copes, 1982, p. 39). an expected consequence of this extension of fishery
Jurisdiction by coastal states was a "...more economical use of fish resources, in which stock depietion
through overfishing is aveided ang higher returns are obtained per unit of fishing effort® (Copes, 1933,
P. 39). Whether there ware to be concomitant increases in world seafood production would depend on the
profitability of harvesting underexploited species and the impacts of public management on stocks
currently being fished (Crutchfield, 1980),

What of the impacts of extended fishery jurisdiction an internationat trade in seafoods? It ij¢ tempting
to predict that, even with little or no increase in production, trade would increase. After all, prior
to extended fishery Jurisdiction, distant water fleets accounted for a significant portion of the world's
catch. Thus displacement of these fleets by the countries off whose coasts they fished could be expected
to lead to an increased import demand by the distant-water fishing mations and resulting export activity
by the newly-endowed coastal states. Indeed, the data support such a prediction. Between 1976 and 1982
world harvest of fish, crustaceans, and molluscs increased from 69.4 to 76.7 million metric tons, an
increase of 10,5% {FAQ, 1983}, During that same period, seafood trade, on a valume basis, rose by more

than 27% (jgig);l/ Thus, world seafood trade increased more than did world seafood production. In
addition, the world's leading distant-water fishing nations experienced harvest reductions during the
period, while significant increases in lTandings were posted by a number of coastal nations with expanded
fisheries jurisdiction,

Here, then is a major development with potentially important impacts on wor ldwide economic activity,
including international trade. This paper examines the hypothesis that extended fisheries jurisdiction
{efj) has led to an increase in International seafood trade at both global and national levels. The
laboratery for the latter is the United States. Discussion of the underlying thecretical issues appears
in the Appendix. The alternative hypothesis is that, while there have been significant developments in
international seafood trade since the advent of efi, these developments may have had more to do with
overall world economic conditions than with territorial changes in the oceans,

Extended Fisheries Jjurisdiction and Global Seafood Trade

To determine whether the extension of fisheries jurisdiction during the mid-1970s generated an increase
in interrational seafood trade, a relatively simpTe model was developed in which it was hypothesized
that, over time, seafood trade has been positively related to world landings, efj, and global economic
conditions, The rationale for the last hypothesized relationship is that factors which increase or
decrease economic activity in total will have a similar effect on trade, including seafood trade. In the

Specfal thanks are due Susan Hanna and Bruce Rettig for helpful comments on an earlier draft and to Mary
Brock for computaticnal, typing, and editorial assistance. Earlier versions of this paper were presentead
at the 72nd Statutory Meeting of the International Council for the Exploration of the Seas and the Eighth
Annual Seminar of the University of ¥irginia's Center for QOcean Law and Policy. Suggestions by
participants in these conferences are very much appreciated. This work ic a result of research
sponsored, in part, by the Oregon State University Sea Grant Coliege Program supported by NOAA Office of
Sea Grant, U.S. Department of Commerce, under Grant Number NASBLAA-D-00084 .
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presence of an economic recession, for example, it is likely that demand for seafood will fall, with a
commensurate de¢line in both imports and exports,

To test these hypotheses, the following equation was estimated via ordinary least squares:

WT = 62737.2 - 452.93 GDP + .004 (WL)(GDP)

{2.15} (-2.09) {3.02)
- 7796,12 8y + 288.59 (GDP)(8,) - 52536.6C 3, (1)
{-4.16) (2.32) (-2.01}

where WT = world trade in fishery products, on a live weight equivalent basis, in 1000 metric ton units.
GDP = index number for world gross domestic product, where 1963 = 100,
W = world landings of aquatic organisms, in 1000 metric ton units.

B1 = binary variable assuming the value unity for 1970-1982 and zero for 1950-1963. This variable
was included to account for a change in the way marine mammals and aguatic plants were
reported by the FAD.

32 = binary variable assuming the value unity for 1950-1976 and zero for 1977-1982, the "ef]
variable,"

and t statistics appear in parentheses,

This particular functiomal form was selected, in part, because preliminary analysis uncovered a high
degree of collinearity between WL and GDP. In addition, this specification permits B2 to serve as both a

shift variable and as a determinant of how changes in global economic conditions would affect world
seafood trade. (In terms of the production possibilities curves of Appendix A, this specification allows
for a shift in the curve and a change in its slope.)

Data were yearly for the period 1950-1982 and principal data sources were annual volumes of the U.N.

Statistical Yearbook and the FAQ Yearbook of Fishery Statistics. The R2, F, and Durbin-Watson statistics
for the above equation were .92, 58.2 and 1.09, respectively.gj

The estimated coefficients suggest a pesitive relationship between seafood trade and fish landings, as
expected. The results also suggest that seafood trade and g1obal economic activity (GDP) are affected by
similar factors but that this relationship changed with the increase in extended fisheries jurisdiction.
In particular, the results suggest that:

T . . . .
360F -452.93 + .004 (W) + 288.59 (B,)

-452.93 + 004 (W) + 288.59, for the years before 1977, and

-452,93 + 004 (W.), for the years 1977-1982,
At the mean value of WL {52,500 thousand metric tons)

3WT
SEOF 45.66, for 1950-1976

-242.93, for 1977-1982

Thus, it appears that international seafcod trade and global economic activity were positively related
before the plethorz of extended fishing zones in the 1970s, after which the relationship became a
negative one. However,

5

= 288.59 {GDP) - 52536.60.

5

which is 4604, a positive number, calculated at the 1977 level of GDP.QI This result suggests that
extendad fisheries jurisdiction has been associated with decreased levels of international seafood trade.

Another interpretation is possible, however, When %%I-is calculated at the mean level of GOP for the
2

entire 1950-82 period (BOP = 128, approximately the 1967 value), its sign is negative, suggesting that,
had efj occurred earlier, it would have been associated with increased seafood trade.
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This highlights one of the difficulties of using time series data to uncover the inf luence of a variable
which is collinear with other key explanatory variables. At the time of efj, worlg landings of aquatic
organisms were increasing, At the same time, economic expansign was occurring gliobally, perhaps wasking
any influence of extended fisheries jurisdiction on international seafood trade. The somewhat
surprising, albeit tentative, finding of a dampening effect of efj on trade could be the result of
exporting nations experiencing reduced harvest opportunities and importing nations finding expanded
harvest ooportunities. Had efj oaccurred earlier, it could have had a positive effect on trade Decause of
different trading positions of the affected nations. Studies of the impacts of public policies often
abstract from the time of policy implementation. Here is a case wnen timing may have been important
because the policy change took place when trading relationships were being realigned.

A Simultaneous Eguations Approach

in the discussion to this point it has been assumed that the relationship between seafood trade and
global landings is causal in one direction. However, it could be argued that both the decision ta fish
and the decision to engage in seafood trade are made in response to similar economic signals. If so,
this calls for anather approach to uncover economic relationships. 1n particular, it suggesis the need
to specify a model which recognizes the interdependence between seafood trade and landings of aquatic
organisms.

To estimate the parameters of such a model, a simultaneous equations procedure, tWo-stage least squares,
was used to estimate the following equations:il

WT = -04254,1 + 9,42 WL - 2651.35 GDP + 88121.0 DS

(31332.3) {3.16)} {931.30) {31108.5?7
+ 684,71 By - B.74 (WL)(8,) + 2548.56 (GDP)(E,) (2}
(3181.173) (3.28) {989.40)
w = -2561.98 - .58 Wi + 1.30W, , - 3731.38 B,
{3887.58) (.44) {.22) {2026.04)
- 322.93 8, (3}
{1075.37)

where B3 i5 a binary variable introduced to account for an apparent structural change which may have
occurred in 19?2,2’f H‘tﬁl stands for world Jandings in the previous year, and all other variables have
their earlier definitions. Figures in parentheses are calculated standard errors.

The reduced form equation for WT, estimated via ordinary least squares,Ef is

Wl = -1232.33 - 089.63 GOP - 1219.92 BZ - 8359.03 B3

(-.09r (-1.37) {-.08) {-4.37}
+ 375.98 (GDP}{B,) + A6 Wy 4 - 3764.65 8y (4
{5.23) {3.87) {-2.80)

where the figures in parentheses are t-statistics, and the Rz, £, and Durbin-Watson statistics are .99,
1573.6, and 2.30 respectively. The results are consistent with the earlier findings, atthough a somewhat
different interpretation emerges. Ffrom egquations (2}, (3) and (4) it appears that the direct influence

of efj, represented by 32, on seafood trade depends upon the assumed levels of world landings and GDP‘zf

Had efj occurred before 1958 (i.e., had WL and GOP been at their pre-1958 levels) the influance would
have been negative. For the 1958-76 period, the effect would have been positive.

However, inspection of the estimated coefficients in equation (4) reveals that, when the interdependence
between landings and trade is considered, permitting efj to affect world trade both directly {equation
(2)) and through landings (equation (3)), the "met™ effect is negative. That is, the results suggest
that, no matter when efj occurred, it would have had a dampening effect on world seafood trade.

The coefficient on the “structura® change“ variable, 83,§f in equation {4) suggests that, whatever
occurred in 1972, it had a dampening effect on global seafood trade, although the reasen for this may lie
in how landings and trade are related to each other. CLonsider, for example, the estisated relalionsihip
between WT and M. According to equation (2) international seafood trade is positively related to wor 1d
Jandings. Equation (3), however, suggests that world landings are negatively related to seafood trade
and positively related to lagged values of landings. A possible explanation for this is that, as
opportunities to participate in international trade increase, there is expanded pressure on the fishery
resource, leading to a decline in yields. On the other hand, if landings do increase, so will trade.
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Thus, the 1972 structural change appears to have expanded trade, which in turn dampened Tandings and,
eventually, reduced trade. The "pet effect is a negative relationship between the 1972 structural
change and seafood trade. The issue requires further study, including the impact of 83 on th_l.

What about the relationship between global seafood trade and international economic conditions? As
before, the results suggest that, had efj not occurred, the net effect of a change in GDP would have been
a change in world seafood trade in the same direction. Extended fisheries Jurisdiction appears to have
changed the relationship to a negative one. This could be the resylt of fish importing nations becoming

net exporters at terms of trade which dramatically favor non-seafood items {see discussion of Figure A-6
in the Appendix},

While there may have been an impact of afj on total world landings, this impact has not been uncovered by
the present analysis. World landings did increase over the 1977-82 period; it is not apparent, howeyer,
that this growth differs from the pre-efj rate. However, ef] does appear to have affected global seafood
trade, perhaps through a reallocation of property rights in the world's fishery resources.

These results are highly tentative. Furthermore, they are somewhat mixed. Statistical estimation is
hampered by multicollinearity., The most one can conclude from this exercise s that, while global

seafood trade has increased in recent years, it cannot be concluded that this is a result of extended
fisheries jurisdiction,

For any given country, however, this may not he the case. In the next section, discussion focuses on cne
country, the United States, and the impacts of that country's extended fisheries Jurisdiction on its own
imports and exports of fish and shellfish products.

Extended Fisheries Jurisdiction and U.S. Seafood Trade

One cbjective of the Magnuson fisheries Conservation and Management Act of 1976 (“the Magnuson Act“} was
"to achieve full domestic utilization of the marine fishery resources available for U.S. exploitation,
including those resources not under U.5. jurisdiction" (Gorden). The extension of the 1.5, fishery

conservation zone to 200 nautical miles was expected by many to increase production possibilities for the
U.s.

With the deciaration of tne Magnuson Act it would not have been unreasonable to anticipate increased
domestic landings and, thus, either less reliance on seafood imports or increased export activity by the
U.S., or both. In fact, what has happened? The average annual harvest by U.S. commercial fishermen
during the three years immediately prior to the MFCMA was 5 billion Tbs. By 1980-82 this figure had
increased to 6.8 billion Tbs., an increase of over thirty percent. The dollar value of fishery exports
(measured in 1972 dollars) rose from an average of $251 million to one of 35572 million, an increase of

over 120% over the same period!gj On the import side, the dollar value also rose, from a 1973-75 average
of $1,428 million to a 1980-82 average of $2,126 million, On a per-capita basis, this represented an
increase of 38%, Thus, while imports have increased over the period, exports have increased aven more
significantly, lending support to the hypothesis that, at least for the U.S., extended fisheries

Jurisdiction has ted to increased export activity and a substitution of domestically harvested seafoads
for imports.

A cleser look at the data suggests the need for caution in attributing changes in trade activity to
extended fisheries jurisdiction, however, A comparison of trends in the seafoods sector with trends in

other sectors displays some remarkable similarities.lg/ Indeed, both imports and exports show the
following pattern over the 1962-82 period: relatively steady growth between 1962 and 1971, rapid growth
between 1971 and 1973, a dip in 1974-75 followed by exponential growth to 1980 and a decline since then ;
{with some evidence of recovery in late 1983). :
Of particular interest to the authors was the "take-off," beginning around the time at which the Magnuson E
Act was passed, in both imports and exports. Certainly there has been a substantial increase in the :
volume of U.S, salmon exported since 1976. Much of this can be attributed to the Magnuson Act, which
strengthened the ability of the U.S. to control the interception of North American salmon by the Japanese .
distant water fleets. One result has been increased salmon landings by U.S. fishermen and concomitant
increases in exports to Japan. With respect to groundfish, the U.S., a net importer, has increased
domestic landings, Through various joint venture arrangements, this has been accompanied by expanded
exports of "underutilized” species. On the sther hand, imports of all groundfish, taken together, have
increased substantially since 1976.

What is going on here? In a recent article, McCalla argues persuasively that agricultural trade is
importantly affected by international monetary policy. He further argues that, especially since the
early 1970s, following the movement to a more flexible exchange rate system, global economic conditions
have resulted frem foraign government responses tc real interest rates, the strength of the U.S. dollar,
and its role as a reserye currency, This allows him to explain the worldwide inflations of 1973-74 and
1979-80, as well as the 1975-76 and 1981-82 recessions. These have heen accompanied by income and price
fluctuations in the U.S. agricultural sector.
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It is unlikely that seafood markets are immune from such changes in worldwide economic conditions. Data
Timitations preclude the development of an econometric model to separate roles of macroaconomic,
microeconemic, and property rights changes in seafood trade but some preliminary analysis merits
consideration. Table 1 contains estimates of the following relationship:

Y = a +

0 X+ M {6)

1 2

where Y represents U.S5. exports of fishery products, X represents U.5. exports of agricultural products,
and M is a binary variable designed to capture the possible impacts of the Magnuson Act (M = O for
1961-77 and 1 for 1978-82. Implementation of the Act did mot occur until 1977 and it was hypothesized
that resulting effects on trade would not appear until the follawing year.)., Various versions of this
equation were specified. For example, a similar eguation was estimated for U.S. imports of fishery
products, with X then representing U.S. imports of agricultural products. Other modifications ineluded
specification of X as U.5. imports or exports of all merchandise {as opposed to agricultural products).
Finally, separate equations were estimated for "edible" and "edible plus non-edible” fishery products.

The reasoning uncerlying the model is as follows: it is unlikely that either the agricultural or the
“all commodities" sectors of the U.S. economy have been directly affected by the Magnuson Act. If
seafood imports and exports can be "explained" by changes in the non-seafood sectors of the B2CONOMY, with
Tittle "left over" to be attributed Lo the Magnuson Act this would suggest that recent macroecanomic
{(and, perhaps, microeconomic) events may have swamped any effects of extended ficherieg Jjurisdiction on
seafood trade. Clearly the model is naive, in that it does not permit the uncovering of cause and effert

relationships. Nonetheless, the results are instructive.ll/

The first four equations of Table 1, which pertain to seafood exports, suggest a strong relationship
between U.S. exports of fishery products and export activity in other sectors of the economy. These
equations alsc suggest, however, that the Magnuson Act may, indeed, have had a positive effect on U.S.
seafood exports.

In the last four eguations of Table 1, which pertain to seafood imports, the results are somewhat mixed.
U.S. seafood imports are related to imports of other goods, both agricuitural and non-agricultural,
However, the effect of the Magnuson Act on seafeod imports is less clear. Part of the difficulty may lie
in the collinearity between the two "independent" variables in the estimating equations, although for no

eguation in Table 1 was the calculated r2 value in excess of .65,

Inclusicn of a variable to represent annual U.S. landings of fish and shellfish had little effact on the

magnitudes of the estimated coefficient.lg} For all of the revised export equations {(1-4) the estimated

ceefficient on the landings variable was negative, For the import equatigns it was negative for

equations 6 and 8; positive for 5 and 7. For the export equations the calculated t-statistic ranged from
-1.34 (equation 4) to -2.13 (equation 1). For equations 5-8 the standard error consistently exceeded the
estimated coefficient. Thus, inclusion of the landings variable does not affect the conclusion: U.S.
exports of seafoods have been affected by general economic conditions and by the Magnuson Act. The
relationships between seafocd imports and imports of non-seafood items does not appear to have been

affected by extended fisheries jurisdiction.lgj

Conclusions

Both global trade in seafoods and U.S. exports of seafoods have very likely been affected by both
worldwide economic conditions and harvesting opportunities afforded by extended fisheries Jurisdiction,
This is suggested by a preliminary analysis of aggregate trade data. At the global level, however, the
impact of efj seems to have been a negative one. A downward shift in the relationship between trade and
its determinants accompanied efj, accerding ta the preseat analysis. In addition, the impact on trade of
changes in worldwide economic conditions appears to have changed with efj. Prior to 1977, increases in
global GOP were associated with increases in seafood trade among the countries of the world. After efi
this relationship appears to have changed to a negative one. Because of statistical problems with the
analysis, it is probably safest to conclude simply that there is mat sufficient evidence to support the
hypothesis that recent increases in global seafood trade can be attributed to extended fisheries
jurisdiction.

U.5. trade in seafcods has no doubt also responded to changes in landings and economic conditions.

Again, the role of extended fishery jurisdiction is not clear. Perhaps it is too soon far this rale to
have shown itself, Nonetheless, it appears reasonable to conclude that any attempt, either caonceptual or
empirical, to understand the relationship between seafood trade and the changing ownership of the sea
will have to consider macroeconomic factors as well. This finding, while not particularly surprising,
suggests some challenging research and points to the need to recognize the interdependence between the
seafood sector and its non-seafood counterpart.
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Table 1.

Estimates of J.S. Seafood Import and fxport Sguations.

Eguation Depgndent Constant Estimateg [oefficients for Adjusted Durbim Watsc
Number  Yariable Term ExAG  AREAL 1AG IREARL 7T W Re Statisiics
1 EFPR ~-44943 15857 258825 .94 1.50
{-1.55} {6.38) (7.45)

Z EFPR -50208 341 213691 .95 1.53
{-1.80) (6.82) {5.65)

3 USEXR -36444 17868 258434 .96 1.4p
(-1.37y 7.8y (8.07}

4 USEXR -38385 3.76 Zl2z19 .96 1.43
(-1.42) {7.78) {5.80)

5 {FPR -314273 195910 130805 LB 0.80
{-2.00) {7.04) (1.21}

6 1IFPR 355081 11,15 -23499) .93 1.41
(6,33) (11.24} (-2.48)

? USIR -377094 227339 450965 .87 1.41
{-1.63) {6.61) {3.36)

8 USIR 463175 13.06 169400 .54 .62
(5.50) (10,62) (0.14)

yariable Definitions and Means Mean

{1961-1982 )

EFPR Uu.5. exports of edible fishery products in real terms 219640
USEXR U.S. exports of edible and nonedible fishery products in real terms 2541410
IFPR LS. imports of edible fishery products in real terms 1058910
USIR 4.5, imports of edible and nonedible fishery products in real terms 1353970
EXAG U.5. exports of agricultural comodities in real terms 12.98
JREAL  U.5. exports of all merchandise in real terms 64950
IAG t.S. tmports of agricultural commodities in real terms 7.18
IREAL U.S. imports of all merchandise in real terms 67937
M Binary variable assuming value D for years 1961-1977 and 1 otherwise

All value figures were deflated by the GNP deflator (1972=100}.

Data Sources:

Note:

National Marine Fisheries Service, Fisheries of the United States, various volumes.

u.5. Government Printing Dffice, Economic Report of the President, various volumes.
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Footnotes

1. These figures pertain to the 148 countries covered by the FAD data. wWhile there are aggregation

problems associated with wsirg product weignt in measuring trade volume, they are provably less
severe than those associated wilh the corresponding value figures.

2. Caution must be Jsed in interpreting these results. There is stiil scme malticolitinearity present,
especially arcng 30P, (W.MGDP) and Bl' ingeed, the equation estimated to correct for

sutscorrelation {as suggested by the relatively low vatae of the Turbin-wWatson statistic) generaied
lower estimated t-statistics, although tne signs on the tpefficients were retained,

1, Recall that B? ascumes the value "1* for tre pre-efj periog. Thus the sstimated effect of efj am

WT, taken in isplaticn, ‘s a negat ive one,

4, fquation (2} differs from equation (1) because 1t was expected tnat two stage least squares would
reduce the effects of collinearity betwesn WL and 0P,

5. This was uncovered through an inspection of the ratio of trade to landings and may be tne result of
changes in o0il prices, currency realignment, or shifts in the wor"d money supply. See McCalla.

€. Rather than througn solution of structural equations t2) and (3}, The resulting estimated
parameters are urbiased, though less efficisnt (asymptoticaily) than those derived through solving
{2) and (3) simultanscusly. See Kennedy, p. 122.
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8. A variable added to give & name to our ignecrance.

% 0 as W % 10.0095 + 291.6 GDP, from equation (Z2)

9. These figures include direct sales by J.5. fishermen to foreign pracessors but exclude deliveries by
1.8, fishermen to foreign ports.

10. See Johnston for a more thoraugh discussion of the issue.
11. Annual data for 1961-82 were used in the aralysis.

12. Exceptiens were equations (5) and (8}, where the spefficient on wvariable M were cut by approximately
50%.

13. Susan Hanna correctly points out that this analysis considers only extended fisheries jurisdiction
by the 4.5. and that the relationship may have been affected by extended fisneries jurisdiction
elsewhere.
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Appendix

A Diagrammatic £xposition of the Effects of Increased Availability of fish gn Trade

In Figure A-1, PP represents the production possibilities for twa goods, F {(fish} and G (other), in a
two-good world, prior to extended fisheries jurisdiction, for a given country, say, the Urited “tates.
(To abstract from the open-access phenomenon it is assumed that the fishery has been “raticnalized.”

This begs one of the central questions of fisheries economics but does little damage to the argument,

For further discussion see Anderson (126-140) and Wilson.) For diagrammatic simplicity is is issumea
that the forms in which G and F are produced are the same as those in which they are consumed. <{onsumer
preferences are represented by “community indifference curves," as exemplified by Ul’ Uz, U3. at

relative prices given by the slope of MM, the U.S. produces at poiat & and consumes at point Y. That is .
at this set of relative prices, the U.S. is willing to export Of units of F and import OX units of G. At
different prices (different slopes of MM), the Y.5. is willing to engage in gifferent trades. In Figure
A-Z, this 15 expressed through “offer curves, which depict the U.5.'s willingness te trade at various
relative prices {now given by the slopes of straight lines emanating from the originj. Thus, as befere,
a1 relative prices given by the slope of OM (which are eguivalent to those given by the slope of MM in
Figure A-1) the U.S. is willing to export 0X units of F and import OY units of G. AL lower relative

prices of F (a steeper UM}, the U.S. is willing to export less F. Indeed, at low enough prices of f the
U.5. may switch to being an importer of F and exporter of G. Suppose a similar set of offer curves can

be drawn for the rest of the wor'd and that free market conditions prevail. In Figure A-3, the “dotted™
lings are the offer curves for the rest of the world (ROW). They are assumed to differ from those of the
U.5. because of different production possibilities, different preferences for F and G, or both. In the

situation depicted, the U.S. imports OY' units of G from and exports Of' units of F to the rest of the
wor 14, in equilibrium.

Now suppose that, fallowing the declaration of extended fisheries Jurisdiction (efj},
possibilities curve for the U.S. shifts to PP', as in Figure A-4.

levels of £, the slope of PP’ is greater than the slope of PP (repr
each level of F), the U.S. will be willing to export more F and imp

than bafore efj.l/ In Figure A-4, M'R' 15 drawn parallel to MM and tangent to PP’. Exporis of F and
imgorts of G increase from 0X and OY to Q'X* and O'Y", respectively, Thus, this particular outward shift
in the production ocossibilitias cyrye ewdfie the 1 o @ ero . veg unamoiguously. [f there were ng

change in the offer curves of the rest of the world (an untenable assumption, made here only for
expositional convenience. Relaxing it would strengthen, not weaken, the argument), this would lead tg
increased trade with the rest of the world, as demonstrated in Figure A-5, where, in the new equilibrium
the i.S. ﬁxport:_O:"' (g;gater :@an 3:;] of F a?d imports 0Y'*' (greater than 0Y') of G. Thus, it ’
appears that a fish exporting nation ch experiences a shift in it ibiliti

s?gilar fo that depicted in Figy p s production passibilities curve

- re A-4 1s likely to increase its fish exports. Accordingly, world
seafood trade increases. \ : _ _

the production

If this shift is such that, at given
esenting a lower marginal cost for
ort more G, at given relative prices
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Some useful extensions follow from this analysis:

1.

A fish importing nation which experiences a shift in its production possibilities curve similar to
that depicted in Figure A-4 ig Tikely to decrease its imports of F (and decrease its exports of G),
This would lead to a decrease in world trade. It is also possible, however, that such a country
could become a fish &xporting nation and, in the extreme, that this could lead to an increase in
international seafood trade. Thig may lie behind the recent growth in world seafood trade in excess
of the growth in landings, at least in part (see the discussion in the introductien to this paper).
Such a situation is depicted in Figure A-6, where the offer curves of the F-importing "nation” (ROW),
rather than those of the F-exporting nation, are assumed to shift with efj. The new offer curves
could have a number of different configurations, leading to a variety of equilibrium trading
situations. In the particular case depicted in Figure A-6, the U.S. has shifted from being an
exporter of F {of OX') to being an importer of § (of 0X°). Total world trade in fish has increased

(from 0X' to 0X°) while, in this case, total world trade in G has decreased (from OY' to 0Y°);g/
Again, it is important to point out that this is only one of several results, the nature of which
depends upon the characteristics of consumer preferences in the trading countries, the pre-efj
production possibitities curves, and the nature and magnitude of the shift in the latter.

A1l bets are off if (a) F (and/or §) is an inferior good, (b) the shift in the production
possibilities curve is such that the MC of F does not decline for all levels of F, o¢ {¢) both. In

such cases, trade could increase, decrease, or remain the same. The issue, then, is an empirical
one, .

These are circumstances in which a shift in the production possibilities curve of the F-exporting
nation is such that this country is worse off in the post-efj period than before. This is the case
of immiserizing growth (see Batra, chapter 6) and is depicted in Figure A-7. Here, the post efj
equilibrium terms of trade (specifically, the slope of M'M, and the slope of MM, both of which, in
this diagram, are assumed to represent equilibrium terms of trade) represent a decrease in the

relative price of F which is large enough to place this country on a lower community indifference
Curve,

In Figure A-7, U1 represents a lower level of community satisfaction than does Uy, In the words of

one analyst, "It i$ possible for this deterioration in the terms of trade to be so large as to
outweigh the physical increase in output and leave the country worse off than before" (Witliamson,

p. 284). It has been pointed out that this situation can be "corrected" by the impositign of an
"optimum tariff," by the F-exporting country (Batra, Chacholiades). In the case of a fishery,
however, there are other alternatives. If the fishery is unexploited, it may appear to be in the
interest of the F-exparting country to forestall utilization of the resource., If the F-importing
nations {who, in this case, woyld he made better off by encouraging exploitation) saw this as a
foregone opportunity, they might be willing to “"bribe" the exporter to increase its production {e.qg.,
through subsidy programs, which is tantamount to offering improved terms of tradel), or they might be
willing to pay for the right to harvest the resource themselves.

In the case of an F-importing country, it is possible that, while an increase in its production
possibilities would increase domestic well-being, allowing another country to exploit the resource,
and charging for the right, would generate even greater domestic gains. This is especially likaly inp
the case where the costs of exploitation by another nation are lower than those of the domestic
country (As may already have been demonstrated by the presence of distant-water fleets in the waters
now included in the domestic country's efj zone,). For example, the production possibilities curye
may shift out even further in some sense, for other countries then for the country whose boundaries
are increased by efj, if the former are given access to the efj waters. Payments for this right
could take the form of a user fee (Stokes, Stephen Crutchfield), or a less direct payment, as
exemplified by the U.5. "Fish and Chips" policy (Hayes). An analogous rationale may lie behind the
plethora of joint venture arrangemants now seen worldwide {(Chen and Hueth, Kaczynski).

What seems to be clear is that, while existing models of international trade can provide some guidance in
understanding the impacts of efj on seafood trade, the world's fisheries have some unique attributes
which merit more detailed analytical and theoretical treatment,

1.
2.

Appendix footnotes

This may not be the case if & has the properties of an inferior good.

The equitibrium terms of trade have changed also, with a decrease in the relative price of F.
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Extended Jurisdiction, Factor Mobility and Seafood Trade

james R. Wilson
National Marine Fisheries Service
Juneau, Alaska, USA

Introduction

With passage of the Magnuson Fishery Conservation and Mamzgement Act (MFCMA), there has been considerable
speculatian on what the far-reaching impacts of implementing such a Taw might be in the United States,

Of particuldar foportance has beer the possibility of positive trade effects resulting from the assertion
af stronger praperty rights. The expectation hes been that, with gradual removal of foreign fishing
effort in the L.5. Fisheries {onservation Zone [FCZ), the trade avenues available to the United States
would be more evident. However, recent written testimony by tre Commerce Department, reports, “the
decade past has been one of forced adjustment to new patterns in fishing and in trade" [International
Trade Staff Report B4-3], The report goes on te say that in 1971, fishery imports totalled just over 1
bi11ion dollars, while exports totalled 139,245 milTion dsllzes. However, 14 joint ventures are ignored,
an iwpressive export expansion appears to Se slow in coming, and the year 1983 had the largest deficit o
record for seafood trade {4 billion dollars), despite exports of just gver 1 billion dollars. Table I
Tists the yearly trade accounts for the U.S. in fisheries products.

Table 1. The Yearly Trade Accounts for U.S. Fishery Products, 1971-1983, in Thousands of Dollars

Year Imports Exports feficit
1971 1,704,201 139,245 934,956
1972 1,494,411 157,888 1,336,523
1973 1,583,133 299,168 1,283,965
1974 1,710,878 262,132 1,448,746
1975 1,637,099 304,729 1,332,370
1976 2,332,345 384,690 1,947 655
1977 2,662,191 520,456 2,101,635
1978 3,076,564 505,534 2,171,030
1979 3,811,052 1,082,366 2,728,686
1980 3,648,082 1,006,154 2,641,528
1981 4,086,995 1,156,995 2,930,000
1982 4,467,013 1,045,303 3,421,710
1983 5,088,527 1,008,684 4,079,843

{t was pxpected that external trade in seafood, in the Tong run, would be enhanced by the implementation
of the MFCMA, all other events held constant. However, passage and implementation of the MFCMA was the
culmination of activities which were essentially global in proportion. The passage qnd imple@eutat1on of
the MFCMA did not occur under a static world oceans regime. Ratner, it occurred during the time when
oﬁ:er countries had already changed their ocean jurisdiction or were in the process of making such a
change.

This paper witl arque that extended jurisdiction might affect the structure and performance of fishing

Tndustries worldwide, by altering the amount of one factor (ocean space) available to them. That is, one
wuld expect a direct result of extended jurisdiction te be changes in the relative factor shares ysed in
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nof fish. Indeed, for firms base ne C ohich bee peer alat
Tw;?‘:h?r:()d:f';;o \:Ee relative vroductivity of some of their inputs (thosE Factors;gaah a
distang water'" fishing) has declined. This was due 16 reduced access to geean . .

- : i ishing ~ations experiencir
The MFCMA was reasanably likeral in giving cor_mderat'lnn to those fursw.gTH‘::i;:n%,r;:;jo.‘c HF?MA o tge‘l
hardships due to rapid decrezse im prime Fighmg_grqundg. Howeve:, t:bir‘f Hf‘nls: hff: ar anparens
to minimize, and eventually to exclude foreign ﬁshq_ng 1nyﬂ]\:'emen“_:w.;c,: : '_1 re e;:c}"enced wides pread
response to MFCMA, there have been some areas (SPE(;]‘FICEI] iy 51a5k?‘.lc.-4:.c._.rﬁ.:.1: . ."-:O"Cs‘- ' those eres i
foreign direct investment in processing. In addition, the fisheries ..ama_.]hm:“ Pr‘eg* ?engt'ﬂs S0 manty
tlosely monitored and lobbied by foreign interests apparently prepared tc QOr 'UO? TS
their foreign directed allocations, Some other countries have *akeq _adv“if‘:tﬂ}gf_?rk e *-‘:..:reesingh
coaperative fishing arrangement - Joint ventures, A1l of these ;hsno.::gqu, w.rl_ !b'-liq? jn\;é;ted "
obvious from the mid-1970s otward, strongly suggest that productive factors arc E jb.eq pred I
countries which have experierced net gains in ocean resource zones. Thre [:»rccesf,T.].as.“&Uc e Stats
accelerated by the recent "fish and chips" amendment to the MFCHMA, since, roW, & oglare d‘("f’i':”.‘{_)’ “eten
Bepartment to foreiogn fisheries are contingent on technology transfer znd joint ventu ot

. . Jl_r.i ’I
fareign nations and U.5. firms. Also, relaxation of trade barriers to .S, products is another “chig
which affects fish allacations,

- . - £ K] T i h .
A theoretical issue addressed in this paper is: Given the U.5, Taws fcrb:dd}_rjg_ use 0 :‘0{“&12::2:9 t:l:’
in domestic fisheries, it is expected for some fisheries, such as the_groupdfisr] frﬁrery in;_ ;i n,hu!]s
Joint ventures will persist as an option to domestic directed groundfish fisheries Secause foreig !

themselves are not easily traded.y In & sense, trade in seafood is expanding, but it i3 occyr:;:‘,la”d
within the context of production, which uses factors from different countries. For example, laz

rapital are employed in a process which allows producers tg take advantage of Fishing grounds that woutf
be closed, if some other process were used. Since the host country m

ay not have the same labor-capiti]
capabilities, they may be willing to hire these factors from outside. This trade of “effort" _(pmd“ﬂ”!
factors for producing fish products) for raw product could arise from the inability of cour}trles to se
physically mobite factors to the host country (the U.S5., in cases presented hgre] for use in ‘;he .
production and trade expansion of i + The present situation contributes to the maintenance ¢
the vigiting country's seafood trade pesition over a more extended period of time. Within Ems »aper,
theoretical resylts will be presented which reinforce those abservations described above. Further, the
results will be derived under the assumption of an open access resource with gne productive factnr‘lfﬂteaﬂ
area) redistributed between two countries. In this analytical framework, a trade solution 15 possible,
although it 15 not unique,

er which such chanrge cauld be observed. Models are then desigred
which explicitly account for drrangements such as joint ventures. Alternatively, commodities and
be selected for which there is 1itele interference from mobile factors. An empirical
Example of the latter type 1s presented for the Japanese export market shares gf shrimp, prawns, and
lobsters to the 4.5 ang Canada, An example of the former type ig Suggested for Joaking at the U.S,
exports of fresh, chilled, and frozen finfish to Korea.

Mobile Factors and Joint Ventyre "Trade"

A brief review of the major results of genera] equilibrium trade models is helpful to provide 4 basis for
later sections. For this discussian, two countries wity be assumed, X ang Y. Both country X and country
Y are small, relative to the worid. In each coyntr » X and ¥, two industries Bxist: fishing and the
production of all gther goods, The Industriag produce commodities f (fish) and g (goods). Pecyliar
conditions arising from common Property, as well as groduction surfaces which are non-homogenous are
fgnored for the oresant

That is, both production surf, ce ¢
fndustriss of each country (X ar v¥) possess the follgy g functionay” (orare ¥ell Pehaved.=
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5 analysig
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of other ds iz - h > ative ¥ more oCean
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the utae nf éhe .

; The immediate
%t ian far the Broduction of.uhep:u@;tion of fish is re_latfve]y Wore productive than #s
“land” varfable will pe assumed {ocasn wp) teres m)!utﬂa::r in t::":::;ysm. factor fixity in the
Two tmportant cases axisy whare facegp mobitig “ﬁ. L '
€ase occurs ulm; the changing factor w?imefgL@’mﬂ:Laight be considered, The first
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assuned, mobile factors will ither ne traded or will enter into productive proce ses yielding the
highest wage. Tnis can De Seen fror the first order conditions cf profit maximizat.on:

X

Pf gXe = w; (36)
¥oqe .
Pt 95 = wv"e' (3bh

As acean area 13 redistributed fram ¥ to ¥, Pr in A incresases, while the price of fish in ¥ declines.

dpwever, the partiat decivalive, wite vespect to the corposite input, effors, £, in {3s) decrcases, and
fporeases in (36]. 0 IF Lve factors conprising effart ave aghysica®ly notite between countries, pr can te
traded pn the open market, thes for g reduction in K's erdowment of cresn erea and FOr an increase in ¥'s

andowment, labor and capital will “lgw to courtry Y, if w“: > w: Additionally, if factors can be traded,

ther % will sell labar and cepital to ¥, until the margiral productivity of thesc two factors increases
in country X. facior priccs will Le equalized. However, if factors are prysically mabile between
countries, but rot ftradeabTe [fn the sense that tnere are impediments to tne transfer of ownership
rights), then two likely‘resuhs are the trade of F and G or the formation of a productive activity which
takes advantage of the high output price in ¥ and the nigh productivity of labor and capital in country
¥, whichever has the Tawer transaction cost, These latter two cases have cccurred ona regular basis as
a result of worldwide claims on ocean space. Some countries have made new jurisdictional claims which
have made it necessary for them to explore ways of combiring these newly owned factors with other factors
of production. MNHowever, these new jurisdictional claims have constrained other cauntries who had large
fleets, and who had taken advantage of the fact that ccean rights were poorly defined,

However, 1t would be interesting to investigate other cases to determine whether factor ravement is more
generally observable, given sore change in endownent. For example, will small countries experience the
same factor movemert phenomenon?  Also, will common property consideratiors change the direction of
factor movement or trade?

To address the first question of factor movement and small ¢ountries, a model was designed such that the
effect of changes fn endowmerts on the factor and output prices is 0. That is, if the endowments change,
under the model assumptigns listed here, there zre no effects on the isput prices. This is because of
the combined assumptions of linear homogensity 2nd perfect competition in output markets, i.e., changes
in quantities oroduced do not change cutput price. These results are well known inm the international
trade literature and are embodied in the factor-price equalization theorem, the Stolper-Samuelson

theorem, and the Rybczynski theorem.z’( A dvality exists between the latter two theorems, under the
assumption of linear homogeneous functions. This observation will be advantageous in developing further
arguments, since, if the putput price ratios are not assumed to be changing, then factor-price ratins
will not change throughout the analysis. Further, factor-price ratios will remain equal between
industries throughout the analysis.i‘! Given the assumption of comstant relative factor prices, with the
values of (t and T constant, suppose the bBracketed functions ff and fg (Equations {1} and {2)) represent
*
the amount of an intermediate product {call it effort [ ), which will be produced at a given [constant)
factor-price ratic. 1In this case,

F e g([;. 0%, 19, (4)

6 = k(E;, 0°, 1°%. . (5)

These are functions in one variable with parameterized T and 0. A production possibilities frontier can
be shown for F and 6 {Fiqure 1, Frame a}. However, the relationship between E; and G {Hittl T a:d 0
tonstant) is a production function in oce variable. 4Using the constraint condition that Eg + Ef = E, the
fl:nctiun can be redefined as 6 = k([E-Ef).OD,To}. Taking the inverse of the function would yield

Ef = k*I(E.E,UO,TD}. This function, then, is analogous to a production possibilities curve for effort in
the fisheries {E;} and goods {G).

If a linearly homogenegus wtility function is assumed, the income consumption path for constant prices
{world prices) is aG. This function is the solution of the condition;

OIS
F = - . 6
e, (6)

where f{(U) is the first derivative of utility with regard to F and G, respectively. [n this small

country, X, the world price, production points, and consueption points all happem to coincide at A, on
Production possibilities curve B. ThiS is a no trade solution. With an avtonomous decrease in the ocean
area available, the production possibilities curve shifts down to B. However, world price ms mot
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Figure 1. Changing Production Possibildties Curves Between fish (F) and oods (&) {Frame a); An Inverse
Production Function of Effort {(E} and (g) (Frame b).

changed. Under these conditfons, the new production point is 0, the new consunption point is R, and G is
traded for F. Specifically, 0Q of § is traded for OR fish, Factor prices have been unchanged in the
process, thereby satisfying the factor price Bqualization theorem, In addition, with the decrease in
available ocean area, the production of Tish 15 decreased rather than increased, and more § tends to be
produced than F. This fs the prediction of the Rybczynski thegrem. The implication of this new
equitibrium, where factors are iemgbile between countries, {s that effort is taken oyt of production of
fish and entered into the production of go0ds (Figure 1, frame b}, These geods, in turn, can be used to
buy fish.

However, what 1f some factors, such as effort, are physically mobive From country X wo ¥, such that % ang
Y can enter into an agreement where v': TEICUTLe iS5 combined with X's Physically mobile factors? Suppose,
inllad of pruduction point Q, some production point, 2, within the shaded area was obtained, thus
partiatly avoiding reduced catches In fish that both X and ¥ would experience if factors could not be
combined between countries. A complate shift of x°

5. production possihilizies curve to B fs unlikely,
because the assumption has been made here that the furndamental ¢ a!e.ia ecean-rights wil? also affgct

the production possibilities of both countries. The amoumt, WM&FMM be given up for & production.

However, the amount YU would be used #n a new production pracess. ' ;@jﬁm Z is one point on some
lacus between A and | made of tangencies. betwaen dlmt_m’lh"m#tﬂ-l;ties {corresponding to




changes in host courtry ccean availability) ard the Fixed price ratio. In .ther v rds, a new productive
process could be formed; call it ri = h{Li,Ki,Ufy]. where otean resources fn country ¥, {nij are

accessed, If Oj is tre pcean area available under a given production orocess, where Fj = g{Lj,K,.Uj).

then under factor-prize equalizatior and the Hyhesynski theorem {and under the assumed furctional
characteristics), trade could occur in effert and fish, as well as in gands ard fict. This tendency
would he especially strong 1f:

(1) It was more sifficult or time consuring for effort to be used in 5 production than in fish production
in ceuntry X;

{7} There is factcr fixity among different uyses in the "lerd” cunstraints (whicn include ocean area
svailable for fishing, as well as the land variable;.

With these assurptions, the results under factor-price pqualization and the Rybcrynski theorem follow,
These results will be discussed in the next section. However, before *his topic is teft, several
clarifications are reeded. First, note the primary resylt is that consumption urder the new groperty
rights regime has increased wien effurt is allowed to be used in a new production process. 3econd, it is
impertant to realize that country Y, whick pstablished the acean property rights, will have production
possibility curves moving in the rpposite direction. However, with a new oroduction process, their
ahility to secure fish will also Se further erhanced. Therefore, this joint production process is
mutual 1y beneficial. This highly restricted rodel was used to give a simpie demorstration of how trade
in effort and fish mignt arise. The assumptions of Tinear homogene ity, while computatiora’ly attractive,
are not totally generalizablie to fisheries. The resJlt of factor-price egualization and the Rybczynski
theorem deperd on a symmetrical bordered Hessian of comparative statics conditinns fram net revenue
optimization. When functions which do not exhibit constent returns to scale arc postulated {for example,
a fisheries production surface), then trade solutions are less clear. Second, relative rates of capital
movement between different processes may be an ¥rportant factor in determining the occurrence of trade in
effort and in fish. Costs af redesigning capite] or reeducating labor for nther processes would play a
large part in determining direction of capital movemert. Tntermediate types oF droduction, such as
fishing ar tendering in the host countries’ Tisheries Ccnservation Zames {FCZ's), may be & refatively
ranid method of factor deployment. A comparative stetics analysis is shown in the next section for 2
three factor-three good economy under the assumption that the ccean factor does not enter into the
production of goods, nor does land crter into the production of fish.

Comparative Statics Results

Qomparative-statics sglutions, which compose the basic arguments of the Rybczynski theorem, are developed
in this section. The two objectives are to show, under assumpticns of linear homogeneity and perfect
competition in outputs:

{1} The Rybczynski theorem is upheld for the specified relationships between factor use and factar shares
for three productive processes;

{2) The aberrations in relative prices caused by open access will change trade results, butl the same
basic process of effort movement to joint wentures will still take place under the stated
assumptions.

To address the first point, assume there are three possible productive processes:

Fj = fj (EJ’ Oj}l {8}
G = fg {Eg. Tg}. (g9}

Fquation {7} describes an activity similar to a joint venture, where Gi is the ocean area accessed under
such a process. Equation (8) describes a fishing activity, which is essentially home-based, with Dj
fixed. Equation (9) is the production of all other goods, with Lg being a land variable. Both vaiues of
F [Fi and Fj) are fish {or fish ocroducts}. The endowment, “effort™, is a composite of labor and capital,

used in the same way as in standard fisheries economics theary., Land is not used in tee pruduiiion 3

fish. However, ocean space is used. Therefore, the caonstraints to this problem ave:

By +Ej+ Eg =f, {10}
=T, 1
Tg (11)
0 +0;=0 {12)




From the conditions of linear homogeneity, each production process can be expreéssed in terms nf «

aCtgr
shares:

V= fla,, a.ils f13_|

1= fj(aej, aoj), 4]

1= Fg(aeg’ atg}‘ 11%)

where & w3580, tand x =1, j, gis the respective factor divided by the de
q - L} -
is alse a set of prevailing prices, PF and PEI {output prices), and imputed wa

in the Lagrangian. Under g small country assumption, each country,
prices for commodities.

pendent varigble. Thess
ges He, No and ’.it embpdigd
X and ¥ perceives the same worlg

The following objective func

tion is obtained from a revenue maximization problem, with resgurce and uni:
isoquant constraints:

L= Pe (ri + FJ.} + PgG +WE W,T + uoo

- [Fi["e 2 * Hoaoi} ALY “'f'i{aei‘ "am'}JJ (16)

- iy , . (1-F . {a . 7
[FJ{HE 3gj * HUaOJ) + AJ {1 fJ(aeJ, aoj))j (17)

- [6 {He Gaq * Htatg} + Ag [l-fg{aeg. atg})]. {18)

{Sections of the above equation are numbered Separately for later reference.] Fach sybmode) (16 through
18) of the maximum provlem 1s a cose minfmization problem, subject to the production constraint, with

Fi' Fj' and G treated as Parametric, The first partial derivatives of each sub-mode] {call then Lx’
where x = i,5.9) are

aLx If,
e cFM +3 % ., 19
By  Xg o x EE P {19)

1 - f}( (aq!| aqx) = 0.
where g = ¢, o, t, and x = j, i 9.

+
ch submodel yields optimal values, T
which are themselves sole functions of the wages
T ; Paid to the factors Howeve
at the beginning of the analysis 1t wag assumed fa i ] N
Tinear homogene ity and berfect compet e, Upices did Merucnange.

§t102 in Qutputs, it ig g¢i
if endowments do Change. Therefore the

constraints, glven the model assumptions

r, as pointed out earlier,
Given the assumption of
11 true factpr prices do not change, even
aqx are treated ag constant. ff the a*x are placed inta the

» the result 1s. 4

a.F+* *
el Tty Fy e GnE

L 3
auiF1+aDij+0 =)

0 + 0 *a‘G T

Attention 1s now turned to the chap
postulated. Note that, since 0‘}.

Therefore, the problem

(21)

ge in the endowsent of
Is postulated s fixed, 5

or distribution that has been
can be written as:

0. given the facy,
¢ antamount to a change in 0,.

hange 5 g is ¢

[ T 17
* ™ * aFi
%1 %2y 20q Fim 0.
» - aFj
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by Cramer’s Ruie “cr the three unknowns yield:

Selution
*
aF
- R - -
i £]
- * ¥ * {23}
i 3 -a_.d
el “oj ej ot
*
TF, 4 -
1 - €1 .
- - * - * * {24..1
a4 . 04 . = & . -
Al el “oj CEJ am
£l .
71 B (25)
P by B . X s . - +* W
Ecuaticns {23} and 22 are rot determinato aniess relative magnitudes can be assessed for a ., a_ ., a .
ei' “ej* “oi

and a*.. Jre conditian contrisuting to a poiitive flow of mohile factors, such s effort, into the
;th process {'__Fi_;".[J 2 3, would Be 1¢ the factor share of ¢“fort in the aroduction of fish products under
the J.tn process (the home-basec fishery) is relatively great {effort irtensive), compared to the o
process. In addition, if the jth process (joint veature fishing) is relatively more ocean intensive than

the jth process, then &5 the distribution of available ecean area changes, factors, such as effort, will

try to flow out of the hame-based or dormestic fishery Tnte “he production of fish ty joint ventures.
Therefore, if egquaticns (03 anc {74 vepresent o situztion such as japar, wio had wholly domestic
near-shore and distant water “leets, tne production ir those acean intensive distant water fleets
decreased dramatically witt tre on-sc¢t of cxtended jurisdiction. By the same measure, the United States
represented a situation where cne of their factors, ocean, increased. Tisn produrtion atse increased,
mainly through reduced ccrcetitian for resources. However, the facter, effert, for off-snore fishing was
in very short susply in countries such as the United States, but was in plentiful supply in Japan.

Effort was tre mgst mobile and plentiful factor in Japan. The only remaining question to be resolved was
the problem of access and compersation in the post-extended jurisdiction world. An important
consideration is that most countries could not, for one reason or another, buy the effort components from
those countries whick rad aveilable supplies. The U.S., for example was, and still is, restricted by the
Jones Act. Cther countries simply did not have the currency to make such large purchases. The creation
of joint ventures in tke form of the purchase or barter of services of factors, hoth ocean and effort,
became a solution to twe probler af factor immobility.

The joint venture, then, could be expected to be organized around the mutual rental of factors. In the
United States, these participating in joint ventures almost always engage in over-the-side sales to
processing vessels. However, another settlemant occurs bhetween the representatives of each partner
country. This settlement involves the apportionment of either proceeds from sales or the fish from the
processing activity. Lither of these forms of apportionment could be thought of as a rental payment far
the use of ocean area [in Japan’s case) and a rental payment for effort (in the case of the U.S.}.
Praduction of both countries would he increased through the trade of both effort and ocean services.

A simple example has been presented, which shows if the assumption about relative factor intensities
I?egween home-based and distant water operations can be made, then a redistribution of factors in favor of
Jeint ventures will occur, even if world prices do not change with changing endowments. The example
lmplies that even small countries which have no control over world prices, would be expected to emgage in
trade" of mobile factors of production. Although a trade solution with all three praductive processes
s difficult to solve generally, a greater specificity of relationships between factor shares in
different uses, will result in more definitive trade solutions. The effects of allowing factors to move
between productive processes will be discussed in the following section.

Two questions which remain are:
(1) How reasorable is it to postulate the following?

a_. <A .
ei © 2ejo

(2} What are the effects of the open access condition, where the world price of fish is relatively

under-valued?

To address the first question, more detail is needed about each productive process. While requiring a
Significant amount ofqeffort..distanteﬂ:ter :isheries processes appear to be principally cnnce;rl'le:t:!th
Rining access to fishing areas, from which raw products aay be drawn. In other words, those TIAeS
“hick would Vikely enter joint ventures tend to be directed at gaining access to large areds ay, Y

. Poductive beeans. This could mean joint ventures are usfng the ocean respurce more 'mte;:“ tji’;n of
Pelitive ta their use of effort. Alternatfvely, wholly domestic fisherfes may not “"Eet re effort-
entaring & Jofnt venture fishery. Nith extendad jurisdiction, domestic fisheries may be o

*2




intensive, especially if fishing fleets are restricted to smaller, less productive areas. If these
hypotheses are valid, then not only would country X experience effort movement into joint venture
operations but, by the comparative statics results, would also experience a net gain of fish coming into
the country {as does country Y}. Country X's effort has been used, and fish has been and can be part of
the settlement for the use of ocean and effort in the bi-national production process. In a sense, the
joint venture circumvents a more traditional trade of geods for fish (Figure 2). As an example, the
point 7 of Figure 1 3s placed on Figure 2, to conform with the comparative statics results. (The
production possibilities curve upon which I lies has not been drawn in Figure 2 to reduce clutter in the
graphics.) It will be noticed from the comparative statics results (25) that, with a change in ocean
area, G does not change, However, the results show that if the assumptions hold, the total production of
F does increase. If the Engel curve, F = aG, represents the locus of tangencies between the preference
map of a country and the boundary of an opportunity set of different incomes with a slope of —Pf/Pg. then

Recall that the move from the pre-trade position R to that of 2 took place through a trade of the

trade will still occur in goods and Fish.
:
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Fi*FJ =F j
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Figure 2. Production of Fisk Through Joint Ventures, and the New Trade Solution. -g

services of productive factors. The diagram in Figure 2 most closely resembles what has occurred in
Japan, that is, an augmentaticon of production possibilities. At the point Z, IZ (or RK) goods are given
up for IT, of fish. This new trade solution is an improvement over the previous conditions of trade on

the production possibilities curve. The amount QK of goods are retained by the country, which is better

off than if trade of factor services did not occur {though not as well off as they might be with free _

access), Additiomally, the other country (nat shown in Figure 2}, which has experienced similar
production possibility gains, has been abTe to expand its production possibilities further than if trade
of factors was not permitted., Therefore, both countries benefit from the rental of each other's factars
after extended jurisdiction, and those rental payments may be made in fish or currency, whichever is the
most advantageous medium of exchange.

The second question regarding relevance of price in the determination of trade results, when changes in
factor endowments occur, is interesting. As Scott [1955] and later, Gould [1972] and Anderson [1977]
have pointed out, the commen property nature of fish resources of the oceans, both within each country
and between countries, causes the effort expended in the fishery to be under-valued, relative to its
potential value when combined with a resource endowment having strong property rights. This occurs
because each individual fishermen, in the attainment of the individual firm equilibrium, causes the
industry to be driven to the point where the average revenue of fish equals the average cost of fish,
However, at this point, rents te the rescurce are dissipated through free entry. If a production
function with a local maximum and regions, decreasing in their arguments, is assumed, the open access
solutien will have multiple equilibria, where average market costs equal average market revenue. Each of
these equilinria represents a substantial divergence from the monopolistic solution {where marginal -
market costs equal average social revenue) or the state-run fishery solution {where marginal social costy
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equal average social revenue}, suggested uy Copes [1972). This phenomenon of cpen access appears to be
widespread in fisheries, and yieltds price ratios for fish and goods, which are not tangent to the
production possibilities curve. Arderson's principal arguments will be used to show this result, except
both production surfaces will sti)1 te assumed Tinearly homogeneous, as well as concave. For an economy
producing 6 anc E, where [ is used in the cragurement of fish {F) the following conditions hold:

df _ df ¢k 25
=T b
dé  df 56 ° (26)

Ejuation {76) states <hat the s'ope of the production possibilities curve (PPC) for T and G is the
product of the slgpe of the yield-effert relationship and the PPC for effort and goods, respectively.
The change in total revenue with respect to a change in effort can be writter as:

P T (27)
dG Py (MPPL}
where Pg = price of G
Pf = price of F
HPPE = marginal physical product of I in production of F,

Fquation {(Z7) states that, in equilibrium, the slape of the production possibilities curve for effort and
geods should equal the price ratio of goods to fish, weighted by the inverse of the marginal physical
product of effort in the production of fish., This is a well known marginal condition deriving from the
satisfaction of first order conditions of revenue maximization. However, the same Splution is not
obtained for open access fisheries. The solution for open access is:
p
L ____iL_r_ s {28)
dG Pf (APPE)

where APPE = average physical praduct.

For the same point on the production possibilities curve for E and G (and consequently for the PPC of £
and F), the following relation halds in open access:

=- -2 gr (29)

5 -
MPPE

ML P
<2
G p
E f
That is, in open access, the price ratio will always be greater than the slope of the productien
possfbilities curve between goods and fish. The open access solution, therefore, changes the trade
solution., In addition, the trade solution becomes indeterminate. However, the open access condition is
interesting, because it has the potential for changing the trade solution in a number of ways. However,
a determinate solution is nat apparent, unless the more stringent assumptions made before are retained
and unless an additional assumption s made; that for every point on the production possibflities curve
(PPCY for F and &, there exists a price ratic steeper than the siope of the PPC at that poist. Further,
each price ratio associated with the PPC point is unique., Assuming the same linearly homogenecus utility
function as before (so that the Engel curve al can he produced}, Figure 3 compares the trade solutions
under open access fisheries with Pareto optimality in production, The dotted lise represents the same
Engle curve afi, and the line tangent to the PPC at R represents the Paretp optimal solution for
preduction, where RQ goods are traded for 01 fish. Suppose, however, this fs an open access industry,
*
where the true world price ratio is (Pf/Pg} . Figure 3 shows arother Engel curve lying to the northwest
of ab.  Tn thic corticglar case il has Leen dvawn undzr tho agzumntine that the slopes of the dotted
price lines will equal the slope of the community indifference curve along this new locus. MWhere fish 1§
consfdered @ normal good, the economy in country X will import proportiomally more fish for 2 umit of

goods, If a productive activity which will enable X to produce at Z, the result {predictably) will he
Cthat QOH/TT, T < II'/T,T,. That is, as the guantity 7 produced becomes larger, less goods are given up

for fish. Country X would eventually find it advantagesus to export fish itself if Z became large
enough. However, counter-acting this trend is the fact that open access conditions appear to accelerate
trade in fish; country X will tend to import more fish in 2 world with open access sulutwns, than if the
© world econcmy were Pareto efficient, ceteris paribus. Therefore, the open access solution in Figure 3

i tmdsh:elucure or play down the dampening trends joint ventures have on world trade of final products.
~Neepriheless, these trends are still evident, even appealing to the graphical solutisas, The reader can
- verlfy tlltt ‘Ehe amount of goods traded for fish becues progressively smaller, as the point 7 moves up

MFP




] i hothis resylt
i i f trhe price lires. Althoug €5
. hanges in the relative slope o P 5. ould 5e provin:
t‘he dotted 11nesﬁ:nthe;:eazsmg?ngtiog of open access conditions p]L_Js ractm'- ‘EOD;J;?tzaugh thepfisheryg
. r‘!gtaﬁgnsxggsic?;t ventures and traditional trading patterns ml] persist, e
:e:;u:{ces have been Yargely "rationalized" at the international Tevel.

Figure 3, Comparisons of Open Access Versus Paretg Efficient Trade SoTutions.

ptions presented for deriving the comparative statics resylts for 2 change in
ocexn area, ft has been shown that changes in factor endowments did not affect the prices paid for
factors., Only world prices affect th i i » if world prices are held
constant, factor prices wil] remain constant. As was discussed in the previcus section, this is a result
of the use of Vinear homogeneous functipns and of assuming a small country, with no control over world
price. Despite this restrictive assumption, it hat physical factor mobility of effort
» effort and ocean, will ensure movement of effort
ctor most intensively. Again, by the factor price
nd the other assumptions made in this amalysis, Price changes need not be
considered to show flow of factors, However, price thanges will a1sg Cause the same flow of factors.
This ts the duality between the Stolper-Samuelegn and Rybczynski theorems, referreq to earlier. Finally,
the model shown here g an example where the i i
alternative to the trade of factors, themselves

rented out to another producer, Structura) rigidi of some capital goods to
some countries. Then, the next best alternatiye may be to rent oyt the tapital goods. However, rather
than an explicit rental of the capitai good, a joint production process could be formed. The factors are
all paid out of the proceeds of t In this sense, trade hag occurred, where effget has been
exchanged for fish or currency, may not be g surprising conclusion, it does pose some
empirical problems for those performing trade analysas using data generated in the traditinmei mannne
Most trades of fish generated fram joTnt productinm TTICESSES never appear op a trade’t;afér'u':é sheet.

This mav bias the amatowss o Lne mpacts of extendad Jurisdiction,

Empirical Analysis of Extended durisdiction Trade Effects with

Mo Joint Ventures
The conditions under which exh

Jarisdiction oceurs must pe tleart if i
of fish is to be understood. Md1tionally. the common property arare” Pt s :-':e‘:: eff:Ctt:ntt:ade
unique or determinate trade selution, such as alght be Tound under assumg:g::n: ii not




i ive, Twd reasons exist f h ition:
possible to derive or such a condition: {1} th
$ish 15 not usually thought of 4s linearly homogeneous; and {2( ) the shape of the production surface for

; ) fish s :
are under«vﬂugdlre]atwe‘to the standard general equilibrium trade r:‘ﬁ]?e 'Fi;:grzo::?: to take fish
gither be explicitly modeled ar implicitly controlted by carefully Chogsiné cases to Delaz:‘a;;g;sbcan

¥
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simple models. The latter apiroech was chosen, in a3 study on changes in Japanese e

tke U.5. and Canada, in the commedity group of shrimp. prawn, and lobster (EPL} T:g‘;;t market shares to
specifically chosen for the following reascons: ) ’ Ca3ES were

{1, Japan has been hard kit vy the trend of worldwide extended jurisdicti i
W1, , : =N cticn

magnitude of Tcss 1n yccess to fishing grounds, ’ > from the stardpoint of the
f2) Shring, prewn, and latster [SPL} products are generally consi
Canada, and the Uni<ed States, and Fave wide consumer zopea’,
effects are expected to be rini:ized.

dered Tuxury commodities by Japan,
Therefore, fluctuating consumer

{3} The ﬁshemﬁs_-i?a'smg_uith S oare, r?}?t"‘“ﬂy speakirg, inshore; well within the 200 mile limit,
Also, a1_1 shrima species are fully utilized by domestic fleets in the 1.5, The inshore rature of
these fisheries s generaily a worldwide trait, related to the biology of the species,

{4y LS. and Canadian trawling vessels ind otver methods of capture are well developed and may even ne
in over-supply. Therefore, Tittle frcemtive exfsts for a trade in the yvarious forms of effort
between Japar, Lanada, snd thue 1.5, Furthermore, the dones Act {a J.S. law} forbids fishing in U,$
waters anc subsequent lardirg in U 5. sorts, with foreign-made vessels, o

51 The U.S. “lswa najor importn?r- of SPL,Iqs is? Japan. Caradian imports are smaller, but this is
probably related ts Camadz®: populaticn size, rather than differences in preference.

Japan's share *n the irport markets of Uanads and the 0.5. would be expected to fall between the years of
1959 to 1980, due Jargely o tne worldwide trend in extended jurisdictior. The fall would be prebahte,
even though marvets for these comeodities remained very strorg during this time period,

The role of extended jurisdictisn in the internatioral trade of seafood has nct been well studied.
However, Lin et at. [1381] raise issues regarding the remificetions of extended management zones in the
wirld commurity. A nunber of siudies bave been done using market shares analysis, in gererzl. To study
trade flows, direct or proxy measures of the import demand, and the price clasticities of that impart
demand are needed. Market shares agproaches have been used to estimate the effects ¢f price competiticn,
and their use avoids the more dicfigult empirical problems that develop when specifying import demand
functions. Studies by Hickman [1972, 1977] looked at changing trade patterns in the Pacific Basin
countries between 1955 and 1975. Hickman's unaltered Tog-linear model is specified in the following
manner:

- . ¥ oM
Lna. . d_ .. *a ..ln \P”;“Pjt) +a,..T

Tt o] 1ij 21

30
+ a3ijLnnijt_1 + Vijt’ {30)
where: o, = the share of the exporting country 1 in the import market of a country j in year t, for
J all imports defined as:
fnl
Xige/ gt
or, the ratio of the country i's exports te country j in year t (xijt] and the total
exports to country j

aoij the intercept term
4. = the short term elasticity of the market share with respect to price
H negative)

(expected sign is

p* p™ - the ratio of the export price for all goods of country i, based on F.0.B. price guotes,
Tty tc an import price index in market §, defined as:

n

X
’?t 1§1aijopit ’
where g.. = share of the exporting country to input market in year 0
1

jo .
: N i trade
= astimated trend growth rate {expected sign 15 positive or negative, depending on

a
1) relations)
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T

an index of time

U

a

345 estimated rate of response in market shares in year t to market shares in t-1 {expected
J sign is positive)
%3jt.1 T market shares of the previoys period
"ijt = error term

Hickman's model, used jn 26 countries or country aggreqates, yielded results which have considerable
theoretical and empirical appeal. For example, signs on the elasticity measures, regardiess of
significance, were consistently negative, and +he significance of the parameter estimates at 5 pereent
and 10 percent levels were common. Hickman included in his model the variable time, which, in this

Gaper's model specifications, is not included. Also, Hickman's time index is designed to capture secular
shifts din demand, but ignores determinants of supply.

Some supply determinant should be inctuded in the expart mode}

fisheries for SPL. The time variable has been removed, and the variable AREA (the percentage of 1981
world jurisdictional claims ip Square nautical miles, by year) has been added to the model, In addition,

the catch ratio of SpL between Japan and Canada, as well as the U.5., was included to account for short-
term supply fluctuations,

for Japan, especially in the case of the

The export-import price ratios are not strictly comparable between Hickman and the model specified in

this study. Hickman weights the import market price by the share of the exporting country in year 0.
This study computes the price ratio in the following manner:

Vi
p* Eist o,
it it

{31)
P Iy -V

My - G
where ; v = the total value of exports of dapan of SPL, year t (1959-1580)
04 = the total quantity of exports of Japan of SPL, year t (1955-1980)
(SVjt - V,jt) = the total value of imports of SPL by Canada {U.S.), less the value of Japanese
export to Canada (U.S., year t {1959-1980) )
Eijt = the exchange rate between dapan and the U.S. (1959-1980}

In this model specification of Japan's aexport market shares to the 0.5, and Canada, the shares are )
developed fn value terms (FOB), the catch is in metric tons, the variable AREA is substituted for time,
and §s in terms of percent (dectmal

fraction x 100), and the price ratio has been developed using U.5.
currency in year t. A1l product forms of SPL were incTuded in this analysis,

Model Tests. Actual specification of the export market shares modal was a logistic, or logit, form.
UnTTke the Hickman model, the independent variables were unlogged. The logit form of this type is the
familtar “S"-shaped function, common to such func i i

tions as the normal
which are asymptotic at 0 and L. It was felt that the unlogged form

to represent the actusl function being estimated, Logistic-types of transformations have been used to
investigate growth in the shares of partic

le board production [Oliveira and Buongiorno, 1977]. The
Togistic model has also been used in empirica] work, where adoption of new technology has been felt to be
time related. Another feature of logistic i
between 0 and 1, to be inswred. Since this
relevent values between 0 and 1
important.

The dependent variable was Lransformed to ogit

form by dividing each observation of the dependent
variable, JSHRUS {(JSHRCAN) by 1 minus the varfable; then taking the ratural log of this indea.

B cimplo Yo=it Lians formation allows the model to be used as 4 predictive tool in cases where it is known
the value of a depandent variable Jies Strictly between D and 1. . 8

- - If the prablem ¥s pne of binary chaice,
then a simple transformation would be TnappFopriate.
The foliowing independent variables {with a sample size of 21 years) for each Country were regressed
against the log of Japan's transformed export share to the U.5, {Canada), LISHRYS {CAN) :
LISHRUS(-1) (CAN{~1)}: The Tagaed (ane year} Togit fndex of Japanere export warket share of shrin .
' Prawn, and lobster (SM) 1n .5, [Caua@n§(=* ST - P
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BATIOJUSA (CAN): Japanese export price of sheimp, prawn, and lobster {SPL) divided by the import
price of SPL, without Japan's share included in the U.S, {Canada} {in doTlars,
J.50.

AREA:  The percentage of 1931 200 miie area claims of ocean held ty countries as
territcvial or fisheries zones,

JSLTHR, CHCTHR: The ratio of Japanese *¢ U.S. !Canadian) catch of 5py 2

DUM: A dummy variable, taking on the value af 0 for years 1939-7987 and 1 for ysars
1965 throush 19%0.

"ke dummy variable was included because, upon cluse inspection and carrchoration fraom ather SGUrCes, it
appeared Japanese export trade statistics, eitker left fresh chilled and frozen products out of the gar’y
years or had aggregated them elsewhere. Goth Fishery Statistics of tne United States, as well as F&0
production and export statistics, were consulted for severd] years im £Ris time -e+i0d ond it was
apparent Japan had an export trade in fresh/frozen SPL during this time period. However, compcsing
Japan's trade picture for a cormodity, which appeared never to have heen repirted would have been a
nearly impessible task. To correctly specify Japan's market share in the U.5., Japan's total export of
fresh, chilled, and frozen SPL viould heve to be inferred from import statistice of her trading partners,

Tosts on the ordinary least squares [0OLS) models fur the U.S. revealed mo hetercskedastic disturhances,
using methads outlined by Glejser [19€37 and Park [1966]. However, the Caradian madel did exhibit some
heteroskedasticity, caused by the variable JSHRCAN{-1). The parameter estimates fgr sicpe werc chtained
from the regression af JSHRCAN{-1) on the absolute value of the residuals. These were used in subseguent
generalized lteast squares (GLS) estimation of the original model. 1In cases where heteraskedasticity was
detected and corrected, the more efficient paraneter estimates are presented in the results, along with

the t-statistic. Since neither the Ra 6f the origfnal model nor of the transiormed model are appropriate
indicators of fit, the square of simple correlation between the efficiently fitted values of market
shares and the observed values are presented as an approxirate messure of goodness of fit, as suggested
by Pindyck and Rubinfeld [1981]. The GLS transformation was made before testing for autocorrelated
disturbances.

Tests for autocorrelation in bath U.S. and Canadian models yielded ambiguous results, since inflated
Durbin-Hatson statfstics occur as a result of using the Durbin-Watson test on models with lagged
endogenous variables. Attempts to use the Durbin h-test, whichk is dctually for large samples {r= » 303,
yielded equalty ambiguous results. A large sample test, alternative to the h-test, shows no
autocorrelation, but the prescription is suspect due to the small sample size {20 observations). for
this reason, both models were corrected using GLS estimation tecknigues, outlined by Beack amd MacKinnon
[1978]. The corrected models are shown for each country in Table 7. The uncoreected models are not
presented, since estimates were fnefficient. A& maximum 1ikelihood technique, used to search for a
generalized least squared weight p, was used to correct for autocorrelation.

Table 2. Models of Japan's Ixport Market Share Response in Shrimps, Prawns and Lobsters; GLS [stimation.

Part I. United States

LISHRUS = -4_81 + 1.489 DUM -0.3035 RATIOJUSA + 0.3386 LISHRUS [-1)
{=2.161)**(2.170)**{~ 254} (2.313)++
-0.0038 AREA + 2.956 USCTHR
(-.756) {1.393)%
R? - 8_64%%; Obs, = 21;

= .B1; F(5,15) =
OURBIN WATSON = 1.7173
Part Il. Canada

0.562 DUM -0.1045 RATIOJCAN + 0.486% LJISHRCAN (-1)

r A ; ner sy
VT edouy LT by :2-15?)**

LJSHRCAK = -4.64

Foa
[

=-0.0119 AREA + _7493 CNCTHR
(-0.6598) {1.099)

R® = .58; F{5,15) = 4.19%*; 0BS. = 21:
DURBIN WATSON = 2.0603
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Simple Correlatians
et Larrelatigns

(1) (2) (3) (4) (5) (6)
{1} LJsHRUS 1
{2) Dum .33 1
{3} RATIOJUSA -.38 -.19 1 )
(4} LisHRUS {-1) AL i) -, 28 1
{5) AREA - .18 .25 -1 14 1
(6} uSCTHR -.09 -.73 .01 .04 -.45 I
{1} LJSCHREAN 1
(2} DM - 1 1
(3} RATIOJCAN -.76 -.05 1
{4} LISHRCAN {-1) .61 -.32 -.16 1
(5} AREA -.37 .25 -.24 -.14 1 ;
(6} USCTHR -.06 -3 .83 .03 -.55 !

* and ** indicates significance at 90+ ang at 95% respectively.

It should be emphasized that the poor quality
meager results interesting, in their oun right
is rohust through al1 teansf

of data available for analyses such as this mide even these
- Also, the direction of effect {i.e., the sign] on AREA
ormations and throughout the analysis . Consequently, & gne-tailed test could
be done, and 17 70 percent ertainty, the parameter estimate would he _
significant., It would be fasignificant at confidence levels greater than 70 percert. One ahservation
made in respanse to both Canadian and U.5§. models, is the rgle of AREA a5 an explanatory variasle in
these models . Despite the efficiently estimated parameters {the magnitudes of which did nct agpreciably
change after using GLS, as expected}, both models still had multicellinearity, although it was not at

tigh levels, Interestingly, the simple correlationg between area and the dependent variables of the two
models reveal that area expla

ins about 37 percent of the variation in LJSHRCAN, but only about 16
percent in the U.5. model. Yet the catch ratio, which explains less than AREA, is relatively highly
correlated with AREA. This relationship between catch rate, AREA, and tpe dependent variables Tslthe .
topic of further discussign in the next sectign. The t-values for AREA suggest a fairly weak variable if

1 t-tailed test §s used, Inp addition, simple correlations suggest the catch ratioc and APEA s strongly
negatively correlated. For each mode}

- the catch ratips capture an important dimension of the market
shares isspe, The hypothesis is, relative catches d

etermine the amount of emphasis placed gn external
trade in 4 year. PBoth models suggest the ratie of Ja

Panes2 catch to the importing country's catch is
positively related to the movement of market gharesg. That is, as the ratig becomes smaller {either
clines or the importing country's catch experiences relative
clines. As would be expected, the lagged shares variable captures

Suggesting market development and presence in the U.5. and {anada,

increases}, the expart market share de
A substantial amount of the variation,
by Japan, has bean somewhat stahle,

Both the U.S. and Camada models rapresent g3 hybrid of demand and supply relationships. Because of
sfgnificant data constraints associated with well specifieg structural forms, estimation of a reduced
form was hoped to yield a mode! which would correctly predict the market shares response, given changing
ex0genous variables. However, there is st¥17] considerable varfatign in market shares, which remains
unexplained by both models,

Work by Lin et ad, £1981] on shrimp in Pacific Rim countries, states that data prablems encountered in
making models, such as these, operable, were very large and were not completely overcome in their work
efther. The necessity of incorporati

ng an inventory function and lessg aggregated data, gver Tanger
periods of time, has heen voiced by many economists, in

» Including Lin. This need must presently g0
unfilled, since little of this type o

Johnston [1984] has argued strongly that pther trends ware sccurring 1n the worly which could make
extended jurisdiction effects negligible, by comparison. One such possiple variabie could be changes in
internaticnal monetary polfcy. Since these monetary policy changes are thought to have dramaticaliy
affected the world economy, especialtly

in world agriculture, 1t js possible the same fluctuations are
accurring in sezfood trade, _

An Analysis of Extended urfedicsia; v, o Eftects Nith Joint Ventures

ple whare ng Joint ventures unQIQ'be expected to arise, even
though extended jurisdictiog took :l:$e.‘ Now consider a case where the 1.S., which gained a substantial
amount of ocean resources, does no Splay the type of export axpansipn espected with Korea, Korea,
however, has expanded th:1r ;1§bef1¢i- :ﬂtzs‘ge of Qlt:ﬂ:?‘ Jurtsdiction. . The sape mode! form was used
S une Japatese export models, except the dumey yarfable ven ot taciuded, because Korea had

:iﬂb]ﬁms with inconsistent reporting, txcept in !’ﬁzﬁiﬂ"ﬁﬁf’fgf-*'5;;§fi*§1¥s garlier than 1968Torz§g::s
were more aggfe¥atEd and did mot record trace Mmounts of trage, Yo e A0 fIrst observation was
assfgned an arbitrary shares value of . This mﬂlm s M trice shipments coutd
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have been made during this time period and not recorded. Additionally, sorroborating trade statistics
suggest sporadic trade occurred with the .S, prior to 1968, 1t is possible, then, some trade tould have
takem place in the intervening year.

The foliowing model variables (carple siZe = 13) were included in the study of U.5. export thares to
Korea:

LUSSHRK = The logit index of the 1.5, export market shares of fresh, cnilled and frozen fish
{excluding salmon and ornamental fish) is defined as:

Loy JSSHRK
9 [_USSHRK

RATUSK - The price ratic between weighted average price cf total Korean imports divided by the
average price net of U.S. exports.  Tts compasition 1is identical to that of Japan's
export market share.

LAGESK = Tne lagged logit index of market shares.

HARRAT, JWHRAT = The ratio of toral catch between the U.S. and Korea. The value of JVHRAT includes the
catch taken by joint ventures. The catch does not include sz2imonuids, crustaceans,
mollusks, or arpamenta) Fish.

NAREA = The percentage ¢f 1981 ocean area under extended jurisdiction.

Gntil 1979, when the Fish and Chips palicy began, U.5. exparts to Korea were sporadic and declining.
while the Korean catch frelative to the 1.5, catch of the same commcdity] was expanding. Since Korea has
bean aggressive, world-wide, with regard to fisheries agreements, it is not surprising extended
jurisdiction trends have had a timited effect on Korea. Although data on ¥orean trade are ‘imited, d
presentation of general effects from different treatments of joint ventures 0N nadel resuits are in Tab'e
3. First, observe that the models, on the whole, appear to give fairly stasle results, with respect to
the relative importance of variables within each model. That is, none of the variebles made & comptete
switch from being insignificant to being significant, with different model specifications. This lack of
change is because the joint venture data covers only from 1678 to 1981. Also, the Eish and Chips policy,
which began in 1975, may be making data interpretations of these latter ycars ambiguous, s¥nce the
adoption of this policy could be causing Korea to engage in more imports than they normally might.
However , incerparation of joint venture data caused some large changes of individual variables between
models. For example, the lagged market share index LAGESK, which should have been positive (and was
kighly significant in the Y.S./Canada share madels), was not al all significant in Table ¢ and also had
the wrong sign in Part 1 of the table. When joint ventiures were treated, first as Korean catch, and then
as U.S. exports, LAGESK did exhibit expeccted {positive] signs. Despite substantial jmprovements in
standard error of the estimate, hawever, the parameter for LAGESK never becamt significant. This was
also the case for the two other variables (RATUSK and NAREA), which were insignificant at the test
levels. However, each of these two variables, contributed more in terms of explaining variation in
narket shares than did LAGESK. The coefficient for HARRAT, the harvest ratio between the U.5. and Korea,
had minor changes and a slight decline in significance.

Table 3. Market Shares Models for U.S. Exports of Fresh, chilled and frozen Fish, Exeluding Salmon and
Ornamental Fish, to Korea: Correctad for Heteroskedasticity and Autocorrelation.
Part I. With U.5.-Korea Joint Venture Catch Not Included

LUSSHRK = -3.749 - 0,517 RATUSK - 0.520x10™5 LAGESK + 4.788 HARRAT
(-3.099)** {-1.000) (0.2187x107%) (4.313)**

+ 0.0063 NAREA
(0.609)

R2 = ,63: F(4,8) = 3.34%; QRS = 13; DURBIN WATSON = 2.1171
Part II. With Joint Yenture Caiciws lncluded With Korean Catch

LUSSHRK = =-3.73064 - 0.529 RATUSK + 0.00390 LAGESK + §.295 JVHRAT
(-3.08D)**(-1.021) (0.01623) (4.,2952)**

+ 00670 NAREA
{0.6466)

o = 62; F(4,8) = 3.30%; 0BS = 13; DURBIN WATSON = 2.1138
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Part II1. With Joint Venture Catch as a U.5. Export

LUSSHRK = -3.71871 - 0.559 RATUSK + 0.0208 LAGESK + 4.853 HARRAT
(-3.284)**(-1.079) {0.1147} (3.637)**

+ 0,00748 NAREA
{0.7901}

R2 = .63; F{4,8) = 3.33*; OBS = 13; DURBIN WATSON = 2.1089
* and ** indicates significance at the 90% and 95% levels, respectively.

Note the market shares relationships and their signs are exact analogues of one another, between Table 2
and 3. For example, the coefficient for NAREA is positive in the U.S. export model, since some export
activity has been attributable to the U.S. gaining ocean area, relative to Korea. Japan, on the other
hand, lost ocean area access to other countries. Hence, Japan experienced declines in market shares for
increases in ocean area, under extended jurisdiction. The harvest ratios are analogous between the
models, with the catch of the importing country forming the denominator. Therefore, the positive sign

reflects the observation that as the relative catch of the importing country increases, the less inclined
either country will be to engage in trade.

In the Korean models, a weaker negative relationship existed between HARRAT and NAREA {-.317), but a much
stronger simple correlation between NAREA and the price ratio RATUSK (.502) was present. The Jatter
relationship may be causing inefficient estimates of either HARRAT or RATUSK. Due to the Timited data
available, these models should be cautiously interpreted. However, it is interesting that relative
harvest rates appear to play a vital role in one model and not in another. Note also that, although the
model in Part III of Table 3 is biased in its representation of U.S. export market shares, it is stil}
true the U.S. is a major exporter, even when assuming joint ventures are exportis. (If U.S5. joint
venturas are considered exports, a more correct assessment would be to include all of Korea's world-wide
joint venture activities as imports.) Therefore, the divection of change in the models is not a bias,

and is an indication that the role of exiended jurisdiction under different definitions of "trade" could
change substantially.

One final issue concerns the differences between the general form of market shares model used in this
paper, and that of other authors., The main difference in the models is in the logit formulations. Price
glasticities, which are obtained from the Hickman madel, are no longer so easily derived. The general
form of the unlogged model is:

1
3= @ _-(a- ' (32)
1+ ytfl e-la-byr ¥ ¥b X T
3
_ t-1
where yt_l = ﬁt—_-l‘ .

If x| is the price ratio between the twe countries, then the elasticity of market shares with respect to
price would be:

35 Xy -blxl

o Ta<hx +...4b x} - (33)
3xy S 1+ ¥ro1 ©

The relationships between variables in the Tinearized model also held for the unlogged model. For
example, suppose the shares in this time period {t-1) were increased. The 1ikely effect on future shares
can be seen by noting that as St-l becomes large, Yeo1 also becomes large. However, as Yi1 increases,

the value of the right hand of the denominator in (32) becomes very small, so S approaches 1.
Conversely, negative values of parameters in the exponent of e tead ta make 5 small. Therefore, the

signs on the regression results correctly indicate the direction S will take for a change in the
variables.

Summary and Conclusion

Many of the results of each empirical analysis are what would be expected, since specific cases were
chosen to isolate the trade effects of extended jurisdiction. However, despite consistent results, both
in terms of sign and Tevel of significance, none of the results could be considered conclusive evidence
that extended jurisdiction has a direct effect on market shares. What is conclusive s where there is a
fairly strong negative relationship between harvest ratios and extended jurisdiction, there is also some
diminution of harvest ratio's explanatory power in the models. Where harvest ratios were very strong, as
in the Korean models, extended jurisdiction made less of an impact than in those cases where harvest
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ratios werg not strong, When ar ariitrary defirition was made, calling joint ventures transactions
vexports" (Table 3, Part [11}, the impact of extended jurisdiction was somewhat more pronounced.

The lagged share response is irportant in modeling the consistency and stability of Japanese export
markets, put was nol in tne forean modeis. Although the price ratic 1s ingignificant, this resutt 15 not
inconsistent with zther wark in this field:

[n most cases, the price of shrimp was found to be ctatistically insignificant in both
import dewmand and world supply fanction. .. joint ventures and shiprent contracts may be
ampng the factors tnat hinder, to sone degree, +ne movements of supply in response te
changes in price. The failure of including an inventcry functicn due to data
insufficiency might ne another major cause of this result [Lin 2t al., 1961].

Avart from data availability, the issue of data quality and sceuracy af reporting should be mentioned.
There were numerous cases where trade data could naot be garroporated or where grouns of commodities
either appeared to be missing or sggregated undev oiher commod ity headings. ThHis andoubtedly has
contrisuted to some nf the varfation in +he model. Additianslly, this study did not investigate the
impacts of worla monetary policy, and did mot control for these Q¢Currerces except thrpugh incorporation
of the exchange rate.

1t is important to rote there is a consistent relationship between ke AREA variable and export market
chare of the commodities (Jzpan) investigated. For those who gained ccean arca fthe U.5.), the
relationship was positive; for thase who lost, the relatienship was negative. However, it nas beer shown
tre relative catch rates between countries sometines play @ major vole in determining export markels.
Further, these countries whe have last, but who have cultivated their access to ccean area, may actually
be loss affected than thuse wio nave nol heer &s aggressive, There way be Lther commodities and/or
countries which would initiaily aopear to nave been hurt Ly extended jurisdiction. rut have actually heen
snaffected or even assisted by this trend.

tn conclusion, this analysis did succeed in showing relative catch rates, a5 They have deen affected by
extendad jurisdiction, can have substantial impact on export rarket shaves. Tnis 1s especially 50 1n
cases where aggressive negotiations have taken place to abtain rights 1o fisn. Joint ventures are but
ane example of where some rights have been canferred upon guest countries. However, what is interesting
gbeut joint ventures is their quasi-trade approach to the -roblem of resource access. This is what was
theoretically alluded to at the beginning of the paper. Those countries which have gained access through
joint wentures or thrcugh some other methods are less 1ikely to be affected by extended jurisdiction.

The subsequent trade can be a barter of effort and expertise in exchange for fish. Such a barter scheme
is thegretically plausible and the empirical work in this paper suggests such activity could be
occurring. Yowever, it is perhaps best to close with a more tangible abservation:

The Japan fishery has just learned that a Soyiet-Mauritania joint venture has agreed

to charter 34 Soviet vessels through the end of 1985, Charterage will be paid by
giving a percentage of the catch to the Soviets.,.[Atkinson, 19847,

Thanks to R.S. Johnston, R. Bruce Rettig, R.A. Oliveira, Mike ¥. Martin, and Melissa Witson for review
and tachnical editing. Thanks also to Lorraine Jacobs and Chris Stome for typing.

Endnotes

1/ In communication with industry and government Sources, it was learped that provisions of the Jones
Act have been waived in some cases.

2f By well-behaved, we mean: (1) each industry has a large number of jdentical small firms, and (2) the
lqdustry production factors ave assumed to be linear homogenous, such that, for each industry.
FJltlj.tKj] = th(Lj,Kj] = tyj, where t = a constant, Lj = labor, Kj = capital, j = industries 1ar
2. This type of function can be expressed in terms of the input-output coefficients by letting

t =1ty . 2nd ic completely desrribed by the unit #soquant. For details an the properties of this

function see Silberberg [431-465, 19781,
3/ For a succinct discussion on the duality between these two theorems, see Silberberg [1978}.
4] A necessary condition for this to occur is linear homogenaity in both industries.

5/ The inclusion of these variables has heea criticized by Some, because it begs the comparative
advantage question. The model seeks to explain Japan's trade activities with the United States and
Canada in the face of extended jurisdiction. These variables are still of interest, because with

changing property rights, it is expected this ratio will change; thus, giving an indication of change
in comparative advantage.
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Situation and Prospects in the West European Market for Shrimg
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1. Species and Praduct Forms ir World Trade

1}

In wof!d trade a wide range q‘ species of shrinp in different product forms are handled. Qdckuweg} has
summarized the coarercially imzurtant species in three basic groups: o
1 told water ssecies, which inhabit the Nerth and hortheast Atlantic ard the Morth Pacific,

L.

Z. warm water species, whicn inhabil tropical coastal areas, £.g. the [ado-Pacific, the Western Indian
Dcean, the Westerm and tastcrn Atlantic and the Eastern Pzcific and

. . . v . . _— . .
3. fresh water species, whicn live in rivers and lakes, principally in trapical areas.

Table 1. Lormercially Importznt Soecies

pecies Grouz Drigin Comrmon Name Scientific Name
Coldwa ter Narth Ailgntic }
North Pacific Horthern orawn Pandatus borealis
_ North-Last Atlantic Comncn sheimp Crangon crangon
Harmwa ter Indo-Pacific Greer tiger shrimp Penaeus semisulcatus
(Tropical) Banana nrawn fenagus merguiensis
indian white prawn Penaeus indicus
Giant tiger prawn Penaeus monodon
Kuruma praun Penaeus japonicus
Fleshy prawn Perazeus orientalis
Western King prawn Peraeus latisulcatus
Brown tiger prawn Penaeus esculentus
Western Indian Ocean indian whkite prawn Penaeus ndicus
Giant tiger prawn Penzeus monodan
Green tiger prawn Penaeus semisulcatus
Eastern Atlantic Southern pink shrimp Penaeus notialis
Western Atlantic Northern white shrimg Peraeus setiferus
Northern pink shrimp Penaeus duparum
Southern pink shrimp Penaeuys notialis

Northern brown shrimp Penaeus aztecus

Southern brown shrimp Penzeus subtilis

Southern white shrimp Penaeus schmitti
nedspoticd o Denanys heasiliensis

Yellowleg shrimp Penaeus califormiensis
Whiteleg shrimp Penagus vannameti

Blue shrimp Pengeus stylirostris
Crystal shrimp Penaews brevirostis

Western white shrimp Penaeus occidentalis
Macrobrachium rosenbergii

Podomakind rfhuimn
g

Eastern Pacific

frestmater Indo-Pacific Giant river prawn
—_—
S““'“?: ::ckuue, Robin; The International Market for Shrimp, ADB/FAQ Infofish Market Studies, ¥ol. 3,
o rch 1983, '
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The'co1d water shrimp are preferred in the West Luropean market and represent a large zart of Zuropean
shrimp preduction. In the USA and Japan warm water shrimp enjoy tre majer part of the shreinp rarket.

In world trade shrimp are normally handied frozen, mostly raw and some cooked. Cannes sheinp cniefly

consist of small sizes, peeled and pre-cooked, Live and fresh shrimp wi'1 be sold orly in thnited areas
tlose to ports.

Shrimp are processed ir different product forms:

= headless, gshell-on is the primary form of itrade

- whole, head-on is the form preferred in the Southern Eurppean rarkets

- peeled deveined (PLD) i.e. head, shell and tail are stripped off the meat and vein is removed
or peeled undeveined (PUD) or not

- breadsd i.e. prepared in P&D form, battered, b.oeading and frozen

- battered are PAD shrimp immersed in batter and frozen

~ tooked

are whole head-on or headless shell-on shrimp, ceeled and cooked, frozen
or canned

Shrimp are sold by size, expressed as count per Ib or kg. The major part of world trade in skrimp fs in
frozen product form. In furope head-on, headless shellion and neeled forms are all ir use. Canred
shrimp and specialtias have orly limited markets.

2. Supply Sttuation in the West European Market

dith landings of approximately 1.7 million tons {1974: 1.3 million tons) shrinz account far only 4

Timited proportion of world fish landings (1982: 76.8 million tuns).3) However, they play oecause of

their high price for a much more important role in particular production countries and in werld fish
trade,

in 1982 approximately 55 percent of shrimp landings were in the Pacific. [n the North East Atlantic ares

there were only about 125,000 tons Tanded, although Western furape after the USA and Japan is the most
important market. .

The catches in the Narth Fast Atlantic include in particular northern prawns {lat: pandalis borealis} at
a level of 71,925 tons (1982) of which Norway with a catch of 50,841 tons took the predominant part,

In addition, common shrimp {lat: <crangen crangan) with catches of 51,248 tons (1982) have a special
importance in the North East Atlantic catches including the North Sea. Among Western Furopean catching
nations the Federal Republic of Germany with 15,522 tons of common shrimp has the greatest weight,

According to FAG statistics the landings of sheimp in the EEC countries have only declined marginatly to
52,834 tons in 1982 from 53,406 tons in 1974,

Table 2. iandings of Shrimp in European Countries

1974 1955_

tons o tons
Belgium/Lux. 1,652 ) 2,225
Denmark 1,475 10,207
France 2,768 2,709
Germany (FRG) 28,656 19,834
Ireland 20 142
Italy 9,424 8,801
Netherland 7,525 7,325
Uk 1,886 1,591
£EC (9) 53,406 ' 52,834 )
Greenland 10,243 40,670
Faerae Istands 2,023 4,637
Norway . .26,481 51,679
Spatn 32,325 15,792

124,478 165,612 B

Source: FAD, Yearbook of Fishery Statistics, Catches and Landings, 1974-1982, Rome.
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However, Jenriark has stown 2 substant =] increase in Tancings from 1,375 ton: to 1u,Z0Y toms while in
Gevnmany tre lacdings have fallen “rom 2E,e56 tons te 19,031 tors predominently cormon shrimp. Alsa it
skpald = noted that in the esr’ ier goars ¢ substartial part of German swreing landings was uwsed as animal
feed while tncay the totel catch is used for huran consunstion, 1a the otrer [ED gountries no substantial
changes in yolume gt lendings gre tu be noted. Lardings of shrirn, espzcially anethern prawns increaserd
n o the Northern Burcpeot countries of "ovway froor 26,481 tons to 91,079 tone, Lreenland from 140,743 tons
tn S 070 ters ard tae Teeron Islandu tran D023 tors Lo D00 T tora, weraume of the glose olitica]
reletionshios between the lact twe countries and Jenwark tng anterral BED toade througn the Darishk
“metherland” hes Foon pariicularly influenced.

]

In cantrast, ~he Spanish catcres (19
i

gr- 14 742 topg} whicn foro the most nict wire caught in West African
waters play an impartant rote only o

the South Turcpean mariet.

Trade Jevelcoments “n the TR Countries

An analysis of she foreign trade of tue lommunity - “resh and frozer shrieo seaducts oan the years 1974

and 1937 shows clsarly the suction effects of the Cowrnn Market.

1
Toble 3. Imports of Shrimp end Shrims Products into the LELC™
1974 [N
tons million L5-5% tons siliion 45-5

Tatal 43,10 161.0G T34 E07 £97 .7
thereof from:

Intra EEC 13,528 5.6 11 ,65¢% 170.3
kExtra EEC 35,583 125 .4 37,051 327 .4
Nenmark 2,123 5.7 15,888 57.9
Hetnerland 6,029 IENE 11,704 47.8
Germany (FRG) Z,987 5.7 ,B77 £3.9
Gresnland 3,199 5.9 22,895 76.0
Faerge [slands 321 0.3 7,802 16.9
Iceland 456 1.5 ¢, 74z 16.7
Norway 2,213 7.6 7,895 59.7
Senegal 2,952 n.g 24,744 75.3
Cuba £80 2.1 4,184 28.6
India 2,489 7.0 5,441 27.2
Bangladesh 431 1.7 4,224 25.8
Thailand 437 t.3 9,001 35.0
China 1,350 6.3 1,663 14.2
Malaysia 6,622 17.6 £,12% 39.9
Pakistan 1,916 5.9 2,151 8.8

1) 1974 - 9 £EC countries, 1982 - 10 £EC countries.

source: EURDSTAT, Analytical Tables of Foreign Trade, NIMEXE 1974-1682.

Table 4. Exports of Shrimp and Shrimp Products from the EECl}
1974 1982
tons million US-$ tons miliion US-$
Total 16,496 46.5 64,578 261.6
thereof to:
Intra EEC 12,636 34.% 48,562 194.7
Extra EEC 3,660 11.5 16,006 66.9

1) 1974 - 9 EEC countries, 1982 - 10 £EC countries.

source: EUROSTAT, Analytical Tables of Foreign Trade. NIMEXE 1974-14882,
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While in the year 1974 49,111 tons of shrimp with a value of US-3161.0 aillian were ‘moorted into the
Community, the volume Tmcreased im the year 1982 to 134,677 tons, that is altost threefuld. The value
rose almost fourfold to a total of US-$597.7 million,

But within these imports there were structural changes. Far example, fresh and frozen shrinp in the year
1974 at 23,557 tons of a value of $63.1 million accounted for about 48 npercent [43 perceat in value) o
imports. In 1982, 89,876 tons of fresh ard frozen shrimp of a value of $342.8 mil™ion were itported with
a market share of 67 percent by volume and 57 percent by valuc.

In contrast, the growth rate in imports of processed shrimp from 25,554 tons {19743 to 44,301 tons in
1982 was markedly smaller. The proportion by volume was reduced from < percent 71974} 1o 33 percent in
1982. The value of imported processed shrimp oroducts decreased from b1 percent to <3 percent in the
same period.

As stated before, these figures demonstrate the particular importance of frozen shrimp, raw and often
headless shell-om inm international trade. 1In the future, however, n relative shift frow marketing shrimp
in fresh or frozen raw headless form to processing and marketing a frocen breaded and frozen peeled and
geveined product, as has developed in the US market, is to be expected.

Also there 1s increasing trade within the EEC but an analysis of the structure of tetal inports of
shrimp, between internal and external EEC-trade, shows clearly that as a result of tac increasing mavket
demand accompanied by stagnating tandings the market must be supplied from outside the Comrunt ty,

Greenland has an important share of the increasing total imports of the [EC. I<s deliveries had risen
from 3,199 tons (1974) to 22,895 tons in 1982 and the value at $76.C million is the greatest.

In value terms Norway with exports of 7,895 tons and a value of $59.7 million, of which srocessad
preducts have a much higher proportion, takes second slace.

In contrast to Norway, Greenland supplies primarily frozen shrimp {18,083 tons / 79 percent). Among the
Northern Furopean countries, Iceland should be noted with deliveries of 2,743 tens and an export value of
$16.7 mi119on in 1982. The market supply within the EEC for shrimp is increasingly affected by
deliveries from South Fast Asian areas including India, Bangladesh, Thailand, China and Malaysia.

Prasently, Thailand is the most important source with 9,001 tons {$35.9 millian) followed by Malaysia
with 6,129 tons (539.9 million}, India with 5,641 tans (327.2 million), Bangladesh with 4,224 tons {525.8
million) and the People's Republic of China with 1,562 tons {$14.2 million}.

1t should be noted that Thailand and also Malaysia predominantly supply vrocessed shrimp while the
imports from India, Bangladesh and China are almost completely in the form of frozem shrimp.

Among African suppliers Senegal plays the most important role with deliveries of 4,144 tons worth $25.3
million. Cuba has shown a noticeable growth in exports to the EEC since 1974, which at that time were
enly 680 tons {$2.1 million). This has fncreased to 4,184 tons with a value af $28.6 million in the year
1982 of which approximately half were in frozen and half in processed form.

At with Greenland and the Faeroe Islands, other non-EEC countries supplying the market often have special
trade relations with individual EEC countries, e.q. in 1982 not less than 79 percent of the Greenland ard
Faeroese exports of a level of 24,211 tons were supplies to the EEC through Denmark while Senegal and
Gabon delivered the greatest propartion (over 90 percent) of their supplies to france. OF the Indian
exports to the Community in 1982 about three quarters were supplies to Great Britain while the dominant
proportion of the exports from Thailand and Cuba go to the French market.

The strang demand of the French market for shrimp influenced also internal Comrunity trade. Denmark with
5,253 tons (15 percent of the total) and the Hetherlands with 4,958 tons (14 percent of the total) were
the most important suppliers among the member states.

Furthermore, the Netherlands are the leading transit center for trade to other EEC countries. Dutch
traders handle a substantial velume of sales in other West Eurapean markets.

Batween 1974 and 1982 total apparent consumption of shrimp in the important EEC countries increased by 43
percent from B6,021 tons to 122,864 tons, The total and per capita shrimp consumption are shown in Table
| 4

o

The apparent per capita consumption in Denmark at 1.42 kg per head is highest followed by Belgium/
Lusemburg at 0.89 kq, France at 0.64 kg and the Netherlands at 0.62 kg. 1In the Tower half among CEC
countries are the Federal Republic of Germany with a consumption of 0.39 kg per head, Great Britain with
0.37 kg and Ttaly with 0.34 kg.

This description of consumption in product weight terms is somewhat misleading as it is derived from
international trade statistics in which the weight of frozen shrimp and that of shrimp products are

summarized.
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Table 5. Apparent Censurptior of Shrimp and Shrimp Products {tons)

1974 1952

Apparent Per Apparent Per

fandings Imports Exports Consumption Capita Landings Imports Exports Consumption Capita

kg /head kg/head
Belgium/Lux, 1,652 4,239 ?9C 9,661 0.56 2,225 8,737 £,903 §,088 0.89
fenmark 1,475 5,513 2,737 4,251 0.84 10.207 27,407 30,354 7,260 1.42
France 2,768 13,322 1,118 14,872 .29 2,709 35,743 3,963 34,488 (.64
Germany {FRG; 23,656 3,036 2,678 9,016 0.4 19,834 10,180 5,718 24,236 0.39
Italy 9,424 929 982 9,371 J.17 3,801 10,611 244 19,168 0.34
Netherlands 7,525 5,733 E,77% 5,483 0,48 7,325 13,983 12,510 8,798 0.62
UK 1,886 16,139 1,839 16,186 0.29 1,691 27,550 8,29 20,845 0.27

T¢3,R55

AL |

f< Dutch and Danish companies are specialized in processing imported whole or headiess shrimp for
re-export as processed products import and export data are not totally comparatle. In view of this, the
Dutch and Danish consumpticn figures appear too high.

In volume terws France (34,385 tons), the Federal Rapublic of Germany {24,236 ipns), United Kirgdom
(20,845 tons) and italy ‘19,188 tors) are the most importart rarkets withir the EEC because of their

. 4 . . . .
population. However, a5 Germany ) and Itsly are to a substantial degree supplied from domestic landings,
France and Great Britain remain as the most important import rarkets in Western Europe.

Outipok

In the case of shrinp, increazsed per capita consumption has heen associated with increasing rates of
exports to the EEC.  This rapid growth has been due primarily to two factors. First, shrimp resaurces
nave been developed at an increasing rate in spyeral areas of the world. Secondly, the FEC market has
seen able Lo absorb growing imparts at high price levels.

Like prices of other seafond, the price level of shrimp has tended to increase both in nominal and in
real prices over time.

But the demand for shrimp will depend on the state of economy, cranges in consumer income and prices of
substitute preducts.

In the recent years, shrimp consumption was influenced by economic stagnation in the EEC and weakening
currencies against the US-dollar. The strong dollar will have caused deviations in trade mainly to the
US market. These mavements in exchange rates encouraged the exports to the USA, e.g. Norwegian export
sales increased fourfold during 1983,

Extremely good catches of cold water shrimp in the North-East-Atlantic led to a new record in Norwegian
shrimp production in 1983. With a haul of 7€,473 tons, up 48 percent on that of 1982, shrimp are now

second only to cod in value in the Norwegian total catch. In July 1984, Norway stopped its shrimp fleet
hecause further big catches put pressure on stocks and threatened to flood the markets. Shrimp Tandings

have been too large for the capacity of the processing plants.5
But other Mordic countries continued to contribute their share to the growing supply. In lceland, the

catchings of deepwater shrimp which are nat under some form of protection jumped from 9,150 tons in 1982
to 13,091 tons in 1983. And in the first five months of 1984, the catch totalled 7,731 tons, up from

4,026 tons in the same peripd of the previous year.s}
Therefore, the supply outlook for 1984 of cold water shrimp from the Nordic countries is still bright.

Despite wide fluctuations in individual countries and in landings from year to year, world sheimp catches

jncreased steadily in the 70s. B8ut looking at the markets over +the next ten years, Rackowe7) predicted
that no substantial increases are expected, because traditional fishing gqrounds for shrimp have reached a
tevei of full expleitation. tandings will probabiy Femzin 2% abaut aresent levels and increases will
come anly from shrimp aquacuiture.

World demand for shrimp will centinue to grow and producers could have difficulties in meeting market
requirements.

The improved economic conditions on the US market and the high walue of the dollar make this market
particularly attractive for the Asiatic and also for the North European suppliers. In addition, the
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Japanese demand for shrinp is also expected to increase. In any case a partial gunstitlution with ne«
products an the very price-sensitive market and also on that of the USA cannot he ruled out.

The markets for surimi-+ype shellfish product show already large growth rates and ithese products have

been exported to the USA in rapidly increasing quantities. These new products represent ore of the mpst
successful preduct innovations on the US-seafood market.

Witheut doubt, the European market is alsp capable of absorbing additiunal quantities of shrimp beczuse
pey capita consumption in Lurope is still small by comparison with the USA.

But the European market consists of several c¢ountries, each with its special requirements with regard 10
types of products,

In the Northern regions consumers have a traditionat preference for cold water shrimp_buF tropical
species are steadily gaining acceptance in these markets in recent years. in UK and in Cermany N
sractically all types and sizes are in demand. The cauntries of Southern Europe (Spain, Italy, frances

prefer tropical shrimp principally in head-on form. In France also substantial guantities of cold water
shrimp are consumed.

Because domestic landings are relatively stagnant in the EEC countries it is estimated that the growing

consumption will have ta come from increasing imparts. This includes species and product forms not
presently popular in Western Europe,

Although the extremely good catches of cold water shrimp depress the market for tropical shrimp, at

present, the increasing popularity of warm water species should encourage Asian exporters Lo give further
attention to the West Eurcpean market.

But considering the effects on demand of the incident of food poisoning in the Netherlands, in which 14

people died, caused by shrimp from South East Asia, consistently good quality must be the business
philosophy of the shrimp trade.

Fogtnotes
1} In Mestern Europe small-sized shrimp are often called prawns.

?) Rackowe, Robin: The Intermaticeal Markets for Shrimp, ADB/FAD Infofish Market Studies, WVol. 3, March
1583,

3) FAD, Yearbook of Fishery Statistics. Catches and Landings. Vel. 54, 1982,

4) From the German landings a significant part is exported through the Netherlands to the French market.
§) Fishing News International, Yol. 23, No. 7, July 1984, Heighway Publications Lid., London.

6} Fishing News International, Vel. 23, No. 7, July 1984, Heighway Publications Ltd., London.

7} Rackowe, Robin; The International Market for Shrimp, ADB/FAD Infofish Market Studies. Yol. 3, March
1983
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Introduction

In recert years the volure of werld frade ip fish ard fish preducts has incressed considerably. e rea-
son oy this trade exparaior which is atiributable to greater supply as well as grewing demand for high
guality preducts, is the es-ablistrert of 00 seamiles fishing zores and the cverfisting of much main
consugnicn fish etocks. The meir demand certres are the rick Western European and Horth American coun-
tries and those countries havirng a shert coastlire. There are many courtries in Westernm Eurvpe with both
of these features sz Mey be seen in the Import develcoprent since 1G7C,

Besides the Western European arnd Nerth hrerican trade aress there arc scme ciher but iess irportant
trede concentrations e.p. the trade within <he Fast —osintic area and between the United States and the
South Amerdican countries.

Tre data of wordd trade ir fisheries arc availatle in the form of trede statistics for some product
groups and the whele trade, respectively. They have a hieh aegree of sgeregation end within this preduct
aggregaticn there are changes ir products and gquality levels between different years. T™his is why an
arbitious econometric model should rot be used. But to discuss the trade development not orly by abso-
lute or relative trade flows but by Tipures which erable orne to draw quickly a perallel between all
trade relaticns within one matrix ard within several years, inf ormaticn theory iz used in the analysis
of world trade ir fish and fish products.

1 I'nformetion Theory and International Trade

Difficulties in meking quantitative znalysis grow with the size of the geographical area that is to be
included in 2 mocel. These difficulties result not only from mary different lactors influencing the
direction, dimension and caaposition of the trade flows bul also from the unsatisfzetory nature of the
stztistical data in regerd tc objective, spatial and temporsl derimitaticn. However, to derive campara-
vle conclusions within cne trade matrix ané over a time period, ore should try to formylate characterds~
tic properties in the form of one figure, One method tc do this is by means of the information theory
which is established in the fcrefront of the empirical quantitative analysis of internationzl trade
(Bihn, 1967, p. 12).

1,1 Sone Definitions of Information Theory

Informaticn theory defines the information content of a definite and reliable message as & functiom of
the probability that the event would take place before the message came in (Theil, 1967, p- 37. The
higher the probability of the event realization is the smeller is the information cantent of the mes-

sage. This comnection between the probability p and the information of the realization of the message
hip) can be described by a decreasing function (Shannon, 1948, p. 380).

hip) = 1og%= -log p

To have an idea of the information content before the message is received, the entropy i.e. the expected
infermation content is computed in the following mamner.
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Let the probability that one message comes In be p, and that it is not realized be ps. Corditionally the
sum of p, anc p, rust be 1. The entropy (H) is the sum of the Informatiocn contents welghted with the
correspording probabilities,

i
1l

py blp.) + By h{p,)

"

. 1 1
Py log 51— + Ps log g

F:

=} 5 logl— (i=1,2)
1 i

The informaticn theory can be used only if the probabilities F; add up to one

)_jpi =1 (i=1,2,3,...,m
1

If there are two sets of probabilities, which are comnected with eack other In ez two-dimensional matrix,
bivariate inforwation theory has to be applied.

The two marginal distributions Xi and XJ. , which are stochastically independent from each
cther, and the bivariate distribution X.. have to fulfil the condition that the sum of the probabilities

that the messages care in is one. For each distribution the weighted average information comtent can be
camputed as follows:

Hip; ) = ] py log - (1= 1,2,3,...,m)
1 1

B(p..) = | p. log — (j = 1,2,3,....0)
J 3 ) pj

LY = i (i = 192333 '!m)

Hpyd = Less 25 G o= 12030000

P

The relationship between these three entropies is the sc called "mutual information" log p—;‘]— . This
1545

term is a measure for the difference between the Independence level py P i and the realization of the

meRSEgE xi,i which has the probability P (Theil, 1972, p. 125).

The mitual information is a value measuring the difference from the independence level for two specific
messages, For the whole metrix systew this is done by the entropy of the mutual information
= P;; log —al
b 1} p; P i
The value far this enmtropy is zerc if there is stochastic independence between X and X. i It is non-
negative and growing as the system moves away from independence (Theil, 1967, p. 34).
1.2 Application of Information Thecry to a Trade Matrix

' mye transformetion of an absolute trade matrix te a relative one similar tc a probability distribuetion
emables the application of informetion theory, because in the matrix system the two margimal sets and

the imterdior values, respectively, add up tc one
. X.. o X, .
:i-; ) :—--Il ¥ :_13_
i. X.. ' 73 T X.. T i) X..
-.=1;2-L-=1; oo =1
Exl_ § 3 EJ-JJ

total expert of country i
total import of country j

2

e
n
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X.. = trade {Sow from i %o j

Y., = world trade ([X. or J¥..)
i 3
X, .
The mutual irformation of wlis oystem icg :-55- car be defined as an aggregated coefficient of alil
X, X,
trede aotivities, I is posisive 17 the given trace Tiew is preater than the irdeperdence pattern Im-
plies and negative ir the crpusite cage. Foreover the develcpment cver tire of the individugl mutuel
trforpation values erables @ relatively quick survey <f the develcpmert ¢f the trade flows within the
whele time system (Theil, 1567, p. 35 5/3604) .

The method discussed can clsc be aprlied tc the prejecticr of biloteral nrade [lowe (Uribe, Theil and
de Lecuw, 1566}. But thiz applicatior should be Tirdtec to shertterm rejections because projecticns

are done wder the assumptlon of congtent trade inmersiuty of the tasic metrix, Over z short pericd therc
are rermally only margiral 2 etuations regaoding the factors regul wting interraticral trade.

There iz one problem that mist be solved in the appiicaticr of informatior. theory tc trade projections.

. il L TR N . . N . T4 . "
If the tredo matrix {XEE 7 iz profected by estimated totel exports &nc irports E}_S T oznd };t;r
the trade matrix of the base year fi‘iu 3, the sum of the projected relative trede flows does not add up

v oend by

to one. Mis problom can te sclved ty iteratior cf the entropy of the rutual infeorration (Sommer, 1974,
p. 123 £f. and the cited liserature}.

2 World Trade in Fish Procucts

The value of the inport trade Ir tolal fish products hat irereased from 1970 4o 1982 six fold. This i=
due to nearly 21l product groups {lable 1), The greatest expansicn ir velume as well s In velue has
rappened in the trade in crustaceans crd Tolluscs {fresh, frover, falted ard dried) out thi= is orly
marginally greater than the develepment regeréing fresh end frozen ii=h. frly the trede in salted and
dried rish shows decreasing tendencies in volume.

Regarding the geographical di strisuticn of exporte and imperts there is an covious concentration of
both, imperts and experts, ard zlse of all product groups ir the Irdustrias countries in Sfurcpe, Asia
and North America. However, growth rates meinly in exports are greater ir South Arerica, Lfrica erd
Oceania. It is assumed +that thiz is a direct result of the expanaion of the fishing industry in meny of
developing countries in these continentg.

Sinee there are no world trade matrices published anywhere, the CECD publication "Trade by Commodities"
s used as basis Tor the analysis of total world trede in fisheries in value. These trade ratrices give
a very good overview of werld trade {total value) because total imporze of OFCD are nearly 85§ of
total world imports as putlished by FAC (Yearocok of Fishery Statistlcs) and the remainirg world trade
of 15% comes to & large extent Irom OECD countries too. Expecially Japan, Morway, Ieeland and Spain
export large guantities to African countries. Moreover Jepar delivers to the Far East market. ard Carads
ard the Un‘ted States export o the South fmerican countriee.

The matrices used in this paper are therefore compiled from CECD irport and expert statistics and tobal
trade of Non-OFECD countries has been taken fram FAD yearboox cf fishery statisties.

2.1 Tctal Trade in Fish Products (excluding Pishmeal) in Value from 1976 to 1981

World trade in fish products has doubled within the time pericd considered from 8020.9 million US-§ to
15 636.6 million US-$. Regarding the importing countries there is & strong concentration on the USA and
Japan. These two countries import together neerly 40% of total world trade, However, whereas the import
ahare of the USA is decreasing, the imports of Japan increased from 1976 to 1978 and show in 1681 a new
rising tendency after z break in 1980. The model includes all EFC member countries geparately o show
trade flows between these countries and also between esch FE. country and cther eyporters and importers.
However if the EEC is regarded as one trade area It is by far the greatest inporter. The import share
bas risen from 268 in 1976 to 31% in 1980; in 1981 howewer the share decreased o 27%. That means that
in 1981 these three countries (USA, Japan, FEC) imported T0% of all fish products (in value). Regard-
ing the exporting countries there is no similar concertration as on the import side. In 1961 the great-
est exportey wer Corada with 0 of world trade followed by the e (82) and Japan (6%). But if the
world trage shares of the EEC countries are added up it can be seen Uhal Lic Loo iz zlzc by fr the
greatest exporter with 15.5%.

2.2 Trade Intensity

Discuseing a time series of trade matrices is very complicated because you can calenlste four coeffi-
cients for each trade relationship between two countries (two import shares and Two export shares).
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Theretore in this rcport a method iz used that allows the caloulation of cne abstract coefficlent which
is a coposition both of import and cxport shares which is seen by decomposition of tha cocfficients

TR
.., T i o
.. Y.
5 X
X.. X,
. . :ﬂ. . —
1) Xi .

Besic}e§ these two equaticns iliustrate that the trade intensity between two courtries 1 ang j, urnder the
condition of a ponstant world trade share of total imports or total exports, ie growing if the impors or
export share .nerease and vice versa. In cther words the trade coeffieclents give a direct neasure of the
trade intensity between two countries with regard to total trade. As the total trace {¥..} is considered
in the calculation, the trade intensities are fully comparable within cne year and between several
years. Thus the information theory on which the caleulations are tesed gives the pogsibility to describe
the interregional relations in one metrix.

As trade flows between 27 import regiome and 31 export regions are anatysed in the moéel it is impossi-
ple in this report to discuss all details. Therefore, orly the most inportant and those where changes
have happened are mentioned.

Regarding the trade intensities for Canada as an export country (table 27 it is obvious that the trade
relations with the USA are the closeSt and that they are increasing since 1977. Moreover the principle
of ealeulating the trade coefficlents can be shown with Canadas export trede: Though Japan imports a
larger volume from Canada than the UK does, the trade intensity of the UK is greater than that of Japar
because total imports of each country and werld trade have been included in the caleulations.

The USA have expanded export trade by more than three fold and have internsified their trade relations
with Japan, Australia ard other countries in the rFar East. However, the greatest irade intensity exists
with Canada, but the capacity of the Canadian merket is limited to same special high quality products
because the degree of self sufficiency of Canada is very high and sc trade relations with Canada are
unlikely to expand. This is clearly to be seen in the development of the trade coefficients which have
decreased Trom 12 (1976) to B (19€1). As mentloned above imports of the USA have increased but the
world trade share has decreased. The geographical distribution of the US trade flows can be interpreted
as a diversification in fish demard. Supply of Canada, Norway, Iceland and Dermark might be substitutes
for each other. Whereas the USA has irtensified its trade with Canads it has reduced its trade with these
countries. By comtrast trede with many countries in South East Asia has exparded. This should
be the result of growing demmnd for products caught in these countries, mainly erustaceans and molluses.

The J_ag%ei market is meinly supplied by Scuth East Asian courtries but also from the USA, The growing
trade coefficients for imports from the USA should be mainly influenced by a growing rurber of joint-
venture agreements.

The trade intensities with the neighbouring countries, Australia, South Korea, Taiwar, India, PR Chine,
Indoresia and Thailard were at a high level during all six years. They show an increasing terdency orly
in the trade with India ard PR China, two countries with high production, which are able to supply the
large Japanese consumer market that suffers urder the limited catch possibilities as a result of the
extension to 200 sea-miles in those catch regions where the large Japanese fishing fleet has operated.

The method used in this paper 1s very suitable to show the effect of the contribution of a trading
commmnity like the CECD or the FEC. Unfortunately in this report only trade data from 1976 to 1981

are available so that the effect of the cammmity cannot be shown. This will be done in ancther study.
Fut what can be seen is that all trade coefficients for trade retations between the EEC countries are
very high and if one locks at the changes in the trade intensities for the exports of Greece the acces-
sion to the EEC in 1981 has been reflected in increased intensities between 1980 and 1981.

2.3 Trade Structure Analysis

TrSorgaticn hedTy LasS Leen wadl Lo calculate oe ccefficlent chouing the trade intensity in e factar.,
This has been done because 3t is impossibie to quantify all reasons that are of significance for tho
fiow development in such & matrix. This method is therefeore a more descriptive method. In the Tollowirg:
chapter changese in total trade of each country will be divided Into a growth, a structural and a com—

petitive comporent.

for thi the export Tabio of courtry ir} = xi/xg} is divided into the growth retio of total
world trade (gw = x‘f./x?.) and the growth ratio of the export share (ges = itlfi?_ : Xi = xi.;x__)



Table 1: Worid Trade in Fish Products {Tmpores)
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Product 1497C 1372 1G74 1576 1575 1580 1961 1982
1 000t
P liian, tresh, Trozen L UGC s oii ;7B ¢ B5T 3 3k b 16k L 2T & 06
Fisn, salted, cried, spcie-d e Ley 18y 3EE Bl hz3 b iEy
Crustecears and melluoes, ) _
selted, dried, srcked HGE E7E 7EL a3z 1 228 110y 1129 1 128
Fisk, carved | ECE E£L T gz e3 970 1 Gth 507
Crustaceans ard roliusce, !
N :
carned - 167 112 128 158 60 176 1EQ 153
Wil UE $
Fish, fresh, frozen sen 2 4ok 2 2if IET 4 TER £ BUE 2 € 274
Fish, zalted, oried, smoked G 417 L0 T ioagr 1217 1 zZ62 1 1L7
Crastaceans and rellasce, _
salted, dried, smoked FE6 2 a1k 1 41¢ 2011 3dEL 0 4 3 AEig 4077
Fish, cameds L67 £28 Sef 1 45; 3 53T 2152 2 16B 4 GO
Crastaceans ard nolluses,
e \I -
canned” 164 2GF 2R nNe 620 803 £15, 887
Total 2 faz 38Ry 5 THE T 7 11 oh 14 3G9 15 12 1% 200
15 Products ard preparaticns, whether or ret ir afrtight containers.
Scurce: FAQ, Yearbook of Tishery Statisties.
Tatle 2: Trade coefficlerts
Countries 1976 1977 1578 1973 158¢C 19681
Exports from Canada
USA 2.59 2.32 2.2 2.5 2.60 2.T3
wapan .67 0.86 0.92 0.7 0.54 ¢.56
United Kingdom 1.02 1.16 1.02 1.16 1.86 .75
Exports fron USA
Canada 12.03 9.89 7.43 7.33 9.76 B.11
Japan 1.08 1.80 2,22 2.00 2.06 2.19
Australia 1.09 1.23 1.63 1.4 1.85 1.70
Far East 0.89 1.25 1.20 0.98 2.37 3.32
Imports to TSA
Denmark 0.64 0.78 0.68 0.35 0.23 0.32
Icelard 2.06 2.36 2.07 2.25 1.75 1.55
Norwey 0.61 o.70 0.70 D.44 0.4k 0.42
Thailand .41 0.53 0.5% 0.84 0.55 0.82
Taiwan c.73 0.63 0.71 0.83 0.64 0.93
Cther 1.06 1.10 1.27 1.24 1.32 1.%8
Imports to Japan
Irdia 2.97 2.68 2.62 2.65 345 3.3
China PR 1.74 1.11 2.16 2.09 2.77 2.45
Kcorea Rep. 3.83 2.53 2.68 2.33 3.08 2.66
Taiwan I.30 3.21 2.96 2.72 3.55 3.09
Inknesia 4,17 3.86 3.50 3.30 h.3m 3.95
Thailand 2.8% 2.3 2.00 1.84 1.99 1.94
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The growin ratio of the export share 1s divideda into the competitive component {com) and the structural
component (=}. For this purpcse each trade flow share (xij = Xij/X..) is expanded by X.j/X.j.

. Xes X X
X.. = -_J.z-i\l-rlz
Xij iﬂ X.j X.j e al,] b,]
The competitive component attributes changes in the growth ratio of the export share (ges) of country 1

to changes in market shares (a;.) and the structural component does it to changes in total import share
of country j(b.j}. L

Now we can write Tges' as follows

'115 bbb, 20t

ges = —— = =) e —nbJ = com + s
¥ . 5a.bc.  1a.b?
1. i) J 1] 3

As the two indices are weighted by different quantities they are not directly ccrpzrable. Therefore, a
transformation has to be made o get the same index for both components. Doing this transformation a
correction factor appears which is the relstive difference between the Paasche- and Laspeyres-index.
This factor is influenced by each of the two components and grows with the difference between base year
{0) ard reperting year (£). Therelcre & yearly correction of indices is made through which the value of
the correction factor is minimized and lies near 4, sc that it can be ignored (Henmkxer, 1971).

The importance of the corpetitive and structural conponent is judged in the literature in a different
marmer. But surely it is not wrong to say that the components glve an overview of how the export advan-
tages in the base year have been used or not. However, it is assumed that the supply or production
elasticity, respectively, of the exporters is at least as large as the demand elastieity of the countries
sypplied.

2.4 Erpirical Analysis of Competitive and Structural Development in the World Market for Fish

Dividing the export ratio in several components ensbles us to give an overvicw of the infiuence of a
group of variables without knowledge of the direct influence of each of them.

2.4.1 Structural Component. This component shows under the assunption of corstant market shares what the
development of exports of one country would have been as a result of import demand changes only. Positive
growth rates of the structural components imply that a country exports the largest share of its products

Into eountries with import demard growth rates which lie above the average.

This relation is to be seen clearly in the development of the Canadian exports because they are strongly
influerced by the trade flows to the USA (table %}, The share of world trede of the USA has decreased
from 1976 to 1980. As Canzda exports nesrly 50% of its fish products to the USA this decreasing share of

world trade leads to a decreasing structural comonent .

Ancther fairly good exarple is the Japanese export. Since 1977 Japan exporis growing quantities to
Nigeria and Lybia whereas the other Telative trade flows do not show great charges. As the Import growth
of these twe countries lies abeve the average of total world trade, this leads to an inereasing strue-

~ tural compenent of Japsnese exports.

2.4.2 Competitive Comporert. The competitive eamponent gives information about changes in the market
ghares. The value of this component is an indieation of the competitive position of one country - meag-
ured as market share - in total imports. It does not give information aboub the inportance of this coun-
try in total world trade because competitive, structural, and growth comporents may have a different
development. Only the product of structural and competitive comporents shows changes in the world trade
share. In the discussion of changes in the competitive component all additionzl information of activities
determining fish supply should be included to avoid misinterpretation,

From the eountries mentioned in this report New Zealand has the highest growth in exports from 1976 to
1981. This could be realized by growing fish catches but it is based on an active trede policy because
New Zealard has not automatically profited by exports into countries with growth rates above the total
world trade. New Zealand has expanded its market share in many countries, for exzrple Australia, several
countries in the Far East but also in Rurcpe (France, Italy).
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Table : Exports of Fish Troducts, LGPR-153t
1951 = 1L
D)
Tota” Corporcrits” T of expart Apvelopment
Vo P exyorts ) - N s
b t Growth: e metire Conyet ition

o' B oCm

{emacds

[,

l J—

Japanrn
1976 Le.z F1.%
1677 el BGL
1575 ELL3 7
1575 LT il
1080 93,5 Sely
New Zedlana
1376 25,7 1.3 0.1 vOLE
1577 21,7 cg.7 1ns L L.
978 46.9 = 10i.% £1.5
1979 69.5 57.0 gk,0 196
1980 77.8 ch.7 54 .8 BE6.6
Greenlanc

1976 30.0 5.3 BY.T 66.7
1977 9.5 B9 .Y 97.3 £8.0
1578 2.4 75.1 g5 & 58.9
1979 71.% 92.0 G4 .5 B1.6
1380 g7.6 ol 7 107.0 96.5

Germany
1976 66.0 51.3 99.7 129.1
1977 81.5 £9.7 104,12 131.1
1978 93.3 75.1 105.5 117.8
1979 110.2 92.0 103.3 116.0
1980 116.1 94,7 313,14 108.1

Greece
1976 72.3 51.3 |.2 15h.€
1977 85.1 59.7 92.5 15h.0
1978 88.6 75.1 93.9 118.2
1879 123.3 §2.0 105.5 127.1
1580 115.9 gh,7 109.6 111.6

Belgium
1976 £9.7 51.3 101.0 134.6
1977 77-5 59.7 101.2 128.2
1978 95.5 75.1 105.5 120.5
1979 111.3 92.0 106 .4 Pl
1580 116.5 gL.7 117.5 104.8

1) The Comxnents are defined in the text.
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In Greenland therc are similar facts. Growing catches require great cfforts t3 sell Lne fish in the
werld market. This has been achiewved by increaging market shares 1n the trade with Derpark, France,
Sweden and other DECD countries.

on the other side there are soe countries like Germany, Groac? and Belyglum whnse competitive oaponents
of trade are decreasing over the whole tire period fram 1376 to 1o81, Gut for these countries it. is
difficult to concluds that this doveloent is a direct CONSeyasnse - £ 4 deweriorating cometitive
position, bocause ~ich catches in thesc countrics are declining —r have & Very Aifforent structure
within the period doserved.

To analvse all the other countries in this paper for the present conference, tine failed me Dut I am
working on & larger stody in which separate markets will also be analysecd.

3 Summary

The obiective of this paper was tc present a method which enables us to give & quick overview of trade
flow develogrents in a world trade matrix. This has been achicved by maxing use of information theory.
Baged on this method abstract trade ococfficicnts have been caleulated which are a direct measure for
trade intensity. Furthermorc the trade flow development has been Aivided into a structural and a
competitive campoment. The interprctation of these oamponents, however, is only possible if additional
market information is available because this hreak—down of the two COMPONENTS SUROSES certain
relationships in the field of trade activities of an export country and of suppLy-Gemand elasticities.
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Non-Tariff Barriers to Trade in Fish and Fish Products
With Special Reference to the EEC

{an Scott
Nautilus Consultants
Marlborough, England

Abstract

This paper examines the nature and type of non-tariff barriers whicn may s¢fect flows of world trade in
fish and fishery products, together with thefr compatihility with the provisions of GATT, Finally, the
principal ¥TBs utilised by the EEC are examined in greater detail.

1. Introducticn

One of the ramifications of the change in the international fisheries regime has been the need and the

opportunity to erpand international trade.lf This expansion has beer required in order to paintain the
supply pasition of those countries who were “lpsers” im the allocation of fishing rights out to 200
miles, and to enable the "winnars” to move iowards a maximisation of the economic returns from their
available resources. The subject of this paper is ane factor which may irhibit the zbility of an
exporting country to penetrate a target market - Non-Tariff Barriers {NTBs). There zre other factoers to
be taken into consideration when looking at the potentia) for trade, Hone of threse are covered and no
attempt is made to measure the relative importance of NTBs compared to such other factors. Examples of
other constraints include the existence of tariff barriers or constraints in catching ur production in
the exporting country. Particular attention is paid to the LEC market, but this does not necessarily
imply that EEC practices are more Onercus or less onerous than those of other countries.

The paper first reviews the type and nature of NTBs and summarises the position of the General Agreement

on Tariffs and Trade (CiATT)g-"r with regard to the various practices. C(overage of the EEC details the
overall size of the import market and provides an assessment of the most significant NTBs which may
affect trade to the Community.

The basis of this paper is the work which was carried out for the kational Marine Fisheries Service of

the U.5. Department of Commerce.gf Analysis within the repart has been expanded upon where required.
This paper does not set out to deal explicitly with the problems of the U.S. exporter. Other countries
covered in the NMFS study were Australia, Japan, Republic of Kerea, Mexico, Yenezuela, Brazil, Canada,

Spain ard Nigeria.

2. MHon-Tariff Barriers

NTBs can take many shapes and forms reflecting goversment policies and public and private practices.
Because NTBs are so wide bearing they can represent many problems to potential exporters wishing to
expand their markets, but who remain unaware of possible hindrances. In order that this lack of
knowledge may be countered to some extent by the provision of information, the FAQ have issued a register

. . 4 . -
of dimpart regu1:ttcn3,"! and this infgrmztion ic reqularly updated.

To take the fullest possible account of NTBs in a targeted market potential exporters need to be aware ¢f
such detail as the current balance-of-psyments situation, the strength of the respective currencies in
the world market, political climate especially with reference to imports and normal trading relationships.
such factors can be fmportant parameters in deciding the success of an export venture, but individual
companies may not have enough resources to take fully inte account such factors.
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NT8s can be ambiguous and difficult to legislate against. For example, orne could take tastes and
preferences in a country to be a NTE if the product of an exporting country is not favoured. Possibly
the only means by which such a problem could be overcome would be to finance a sustained marketing
pragramme - perhaps to the benefit of competitors im the market.

The imposition of NTBs can be jmmediate and effective. Perhaps the best example, although outside
fisheries, of such a mechanism concerns the French routing video tgae recorder y'RY imports through an
undermanned inland customs port. This had the desired effect of substantially reducing imports of Y¥Rs,
§nd the measure was withdrawn only after trade negotiations with the exporting country led to Timits on
import quantities.

Sucﬁ NTBs 25 aoted above can be regarded as abstract and informal, and they cover many facets of a
nation's economy. The FAD register assesses the more formal regulations under a variety of headings.
E1} Administrative; (i) Technicaly (iii) Import requirements; and fiv} Other regulations affecting
mports.

(i) Administrative

Broadly speaking this heading covers licenses, foreign exchange, customs evatuation dand import surcharges.
Within GATT a code on licensing has been negetiated and it defines those procedures which are restrictive
tp international trade. The code's general approach is that licensing vrocedures shall be neutral in
application and administered in a fair and equitable manner. The allocation of “icenses should take
account of the import performance of applicants in recent periods and new importers should be agiven
consideration. Licenses should not have trade restrictions additicnal to those caused by guotas.

Import quotas are related to 1icensing and can have a substantial effect on the possibilities of exports
te target markets, and as such can be used by the autharities to protect domestic producers by

restricting supply. Japanese practices are perhaps the best examplie of how guotas can worl-n.g-’lr

GATT Article XI proscribes all forms of prohibitions or restrictions other than duties, taxzes or other
charges, whether made effective through quotas, import or export licenses or other measures unless
instigated to meet problems of stardards, grading or marketing,

Import surcharges are proscribed in GATT Article 111. Within the EEC, the German practice of levying VAT
on the value of goods plus duty is, in essence, discriminating against imports, and thus contrary to GATT
provisions.

(ii) Technical regulations

Stringent health standards for imported goods can be used in such a way as to be discriminatory against
inports, £.9. there may be differential requirements cver the jevel of mercury content allowed for
domestic and imported goods. Stapdards covering product specifications, labelling, marketing and
packaging can be detrimental to an exporter's efforts. This is particularly so when it is g small
company which is trying to reduce the overhead cest of entering a targeted market. Stringent product
specification standards can substantially increase the cost of producing for one particular market.

The GATT agreement on technical barriers to trade is designed to eliminate the use of standards and
certification systems as impediments to international trade. Participants te the Code are required to

use international standards with anly limited accepted reasons for departure from such standards.

Imports must be treatad in the same way as domestic products, and disputes can be referred to a Conmittee
of Techpical Experts.

{i1%) I[mpprt reguirements

Import requirements are susceptible to use as a means of centrolling or restricting imports by changing
details at short notice. This type of barrier covers documentation, weights and measures, insurance,
methods of quoting and payment. Extremely detailed requirements can make the physical task of importing
so onerpys as to make it pot worthwhile for smaller companies.

The only part of GATY which refers to import requirements is Article VIII which dictates that fees for
fmport dacymantatinn ehmuld only zover the cogts of the cevyirces, and should not form indirect protection
to domestic producers.

{4v) Other regulations

Tuufvrther principal mechanisms can affect trade.

: [Firstly, discrimiratory licensing of traders can lead to distortions in international trade. For example

fin former years the Japanese guota for herring iwports was allocated totally to the body representing the
. herring catchers, the Hokkaide Federation of Fisheries Co-operatives, in whose interest it was to i
- restrict: supply and therefore increase prices for their members. This was contrary to the terms of.
Articie X111 of GATT.
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secondly, there is State trading. Articte XUT! of GATT says that there should be no discriminatory
treatment on the part of state-trading enterprises, with any purchases made in accorddrce with purely
commercial considerations.

In addition teo the above it is useful to take into account two other possible forms of NTBs ; subsidies
and minimum import prices.

{i} Subsidies

Domestic subsidies can harm the trade of a third country eitner in total or to a target market Ly making
domestic producers mave competitive than they might otharwise have teen, thus giving them a larger share
of world export trage. Parties %o the subsidies code of GATT agree to svaid dowestic subsidies which
vesult in fnjury to the domestic industry of another fountry ov nullify or impair benefits acgruing Lo
that country; including tarif* concessions whick had gprevigus!y Leen negotiated, Furthermore, subsidies
should not be applied in a manner which results in a contracting oarty having more than an eguitable
share of the world exports in a particular product. In addition, export subsidies should not be granted
in a manner which results in prices naterially below those of other suppliers to a particular market .

{ii) Minimum import prices

Minimum import prices can restrict the ability of an exporting country 1o penetrate a market. This may
nappen firstly, because it loses a particular country possibie cost advantages in production, arnd
secondly, by spreading cver a variety of genuses of the same species may lose the cheaper species their
relative price advantage. [If one asserts that minimum import prices are a charge o imperts thanp they
are not allowed 5y GATT. As previously stated, Article X1 proscribes vestrictions other than duttes,
taxes or other charges, while Article Il srovides that oroducts included in hound schedules k1l oe
exempt from all cther duties and charges in excess of those imposed on the date of agreenent .

3. Trade to Europc

The EEC consists of 10 member states whose fishing industries vary to a marked extent . On the demand
side of Lhe equation the markets of each country vary with cif ferent preferences for species, product
forms and varicties. Although the eventual aim is ta harmonise national measures td standards set by the
EEC, this is by no means an easy task, and even when completed ndividual markets within the [EC will not
form a microcasm of the whole. On the supply side, each country experienced differential effects ‘rom
the change in fisheries regime, and the size and type of fleets differ markedly frem country to country.
The aims and aspirations of the fichermen in the individual member states also differ widely, as can be
testified by the protracted negotiations over a reformulated Common Fisheries Policy. However, within
the EIC as a whole there is 2 strong commitrent to the fisherman, as to other primary producers, and the

policies of the Luropean Commission reflect this commitment.

The value of the EEC market to world trade is eyident when one considers that in 1980 the total fmport
value for all members was in excess of $4,500 nillion of fish and fish products for human consumption,
and $630 mitlion of fish meal and Bil.

Two principal mechanisms which interfere with trade in fishery products to the FEC are the reference
price system, which effectively sets minimum import prices, and the system of export refunds.

Under the reference price system the Commission of the FEC can suspend imports of produce &t prices helow
reference price, and must state its response to imports if they enter member states at below reference
price on three consecutive days. For some species, such as herring and tunny, the Conmission’s response
is 1imited by prior trade agreements, to applying countervailing duties which would raise prices to
reference levels.

1t appears that the EEC fisherman has been afforded exira protection in recent years, with reference
prices inflating more rapidly than guide prices {on which they are based) and withdrawal prices. In
addition, in 1981, the reference price system was expanded so that Ting and dogfish were added to the
basic coverage. Furthermore, reference prices are fixed for all products covered irrespective of their
presentation on import - thus coverage was expanded to include processed fish forms. This increased
pretection raflects EEC discretion to take into account producers ' fncomes and future supply and demand
projectians, whereas previously decisions were based on performance only. -

for the Y.S.A., Pacific cod exports to the EEC are militated against by the high reference price for cod
Fiik as o wWiule - which is based on the valus of A¥1antic cod. Furthermore there has been discussion of
extending reference price coverage to species not caught by fishermen of tne memptr 3iatiol, Ltut which
compete with EEC produce. By keeping the average price of traditional species high there is am

{nyitation for import substitution which can only be kept in check by barriers to entry.

The NTEB study poses the key gquestion as to whether the reference price system pperates as a charge on
wmports and not merely as a price below which the product cannot be imported. It can be argued that
compliznce with the reference price if borne by the seller is an additional charge contrary to Articie

II of GATT. Increases in reference prices wis-a-vis guide prices and greater coverage of the system are
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thus also against GATT provisions,

Reference prices do not appear to pe part of a goverament programme
o control proguction,

and thus do not gain exemption from the GATT provisions.

It should be noted at this sta
is indicative of a slowness in
the degree to which exporting ¢

ge that import suspensions have been rather infrequent in past years.’whlch
response on the part of the EEC in the years previcus to 1931, and a.50]1
ompanies conform te the required leyel of prices, or do nat export at alt.

The EEC has in the past set export refunds to enable economically important exports. This was
particularly significant in relation to the sale of mackerel, in the main tu west African countries,
principally by Dutch and British interests. Such refunds allow the EEC to export waeckerel at prices
below what would otherwise be possible and in general below world price. The need %o do this was due tq
competitian from Soviet Bloc countries selling the same product inta the same markets at prices
substantfally helow what normal commercial practices would dictate. However, to the extent that such

export refunds could stop the establishment of an expart trade by other western countries they are not
allowable under the provisiens of GATT.

Whereas there are a host of regulations within EEC member states concerning administrative and technical
regulations and import requirements,ﬂf

it is not believed that they substantially affect the ability of
a third country to enter the market of

a member state or discriminate against those third countries. For
example, ticensing for imports of fishery products is regiired by each of the member states but they are
granted automatically as long as the import is nmot subject to some safeguard action, But the plethora of
state aid given to the fishing industry by individual countries could be construed zs an export subsidy
dependent on the trade enduced and the effect of such trade on the other signatories to GATT.

4, cConclusian

The aim of this paper has been to outline the variety of factors which must be taken inte consideration
when examining the

role and effect of NTBs. As such, this paper only represents a superficial
examination, with the workin

g of trade policy being a camplicated issue which requires prolonged and
detailed consideration.

To conclude it may be useful to Encompass the theughts of other people on trade issues.

In May, 1983, an DECD ministeriatl meetinggf agreed that
favourable conditions which should be ysed to "
progressively trade restricting and trade disto
growing volume of fish trade to
rultilaterally agreed rules,

as econemic recovery proceeds then it provides
reverse protectionist trends and to relax and dismantle
rting domestic measures.” So there is a need for the
be brought under multflateral surveillance and submitted to

with perhaps loint action under UNCTAD and GATT to decide on and enforce.
concrete action to roll back protectionism. As Francoéf concludes in his paper "As regards non-tariff

measures, an improved system of notdfication as is currently under consideration in most countries
participating in multilateral trade agreements could result in a significant step towards a better .
knowledge of existing systems and a possible negotiation of their normative simplification or removal ,

References

1. "CECD Work on International Trade in Fish and Fish Products”

» Paul Adam in "Proceedings of the
International Seafocd Trade Conference®,

Alaska Sea Grant Report No. B3-2.
"General Agreement on Tariffs and Trade”, VYolume 1, United Nations.

3. "A Study on the Impact of Non-Tariff Barriers tg U.5. Trade fn Fish and Fish Products™, prepared for
the U.5. Department of Commerce (Cont

ract Mo, NA-B81-SAC-00636), S.F.1,A,, Joseph W. Stavin &
Associates, ICF Inc., and P, Lance Graef, March 1983.

“Register of Import Regulations for Fish and Fish Products®, F.A.D. GCP /INT/345/NOR.
*Proposals for Dismantling Protecticnism®, EFTA Bulletin, 1/84.

6. *International Trade in Fishery Products:

Issues for Developing Countries”, R. Franco in
"Proceedings of the International Seafood T

rade Conference”, ATaska Ses Grant Report Mo. 83-2.




King Crab Trade and Exploitation: The Chilean Experien

Gustavo Montero and Frederick J. Smith
Department of Agricultural and Resource Economics
Qregon State University

USA

The growth and the more recent rapid decline of the Alaskan King crab industry has been well documentec
Alaskan £ing crab production fell from a record high of 185 million pounds ir 1980 tg 34 million pounds
in 1983. Alaskan King crab producticn continues to decline with seascn ¢lasures during 1933-84.
Forecasts are for continued low production through tne mid-1980s,

This rapid change in Alaskan crah production was had dramatic impacts upon world crab trade. Alaskan
Taaner and Dungenness crab have become mere important in war1d trade. Alsp Eastern ({anada Tanner crab
has entered the void left by the cdecline of Alaskan King (rap. [mitation king crab meat has found rapi
acceptance as Alaskan King crab prices skyrocketed. United States consumption of this product is
currently equivalent to 100 million pounds of live King crab.

Kirg crab is not unique to Alaska. Industry scientists in Chile and the JSA agree that Chilean King cr
possesses the same organoleptic characteristics as the Alaskan King crab. Chilean €ing crab productior
hat increased steadily from about 856,000 ibs. in 1970 to 2,946,000 1bs, in 1982 {Tahle 1). While thi¢
is significantly less than former Alaskan praoduction and izitation King crab meat productica, it does
represent a direct substitute for the fresh frozen Alaskan product.

In this paper we will share some of the production characteristics of the Chilean King crab and specul:
on the future of this product.

Table 1. Chilean King Crab Landings, 1970-1982 (tons;

Year Landing
1970 428
1971 372
1972 341
1973 355
1974 511
1975 b0%
1976 1,028
1977 1,721
1978 1,908
1379 2,265
1880 1,351
1981 1,280
1982 1,43

Source: SERNAP

Piological Characteristics

The common Chilean name for King crab is Centolla. It is found from Chiloe (A5 degrees south) to the -
of South America (55 degrees south). In the Atlantic, it is found from Camarcnes (44 degrees south) b
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the Beagle Channel, including the Falkland [slands. The crab is harvested from the beach to depths of
220 meters.

Average size at sexual maturity is B0 mm to 90 mm cephalothorax length, depending upan the geographic
location. Spawning takes place within a 30 day period and in the Magellanes area this occurs from early
December through the fiist week of January. Spawning is usually in water of less than 20 meters depth.

Tagging experiments indicate that the crab does not migrate far, The crab tends to aggregate when young,
especially in shallow bays.

Net captured crab sizes vary from 50 mm to 180 mm cephalothorax length in males and 50 mm tc 145 mm in

femaies. There are significant differences in crab sizes between harvest areas. Much of this is
attributed to the level of exploitation.

Production Characteristics

There are six types of boats used in the harvest of Chilean King crab. These range form small wooden .
goats of less than 7 meters length and car powsred, to 22 meter steel boats with hydraulics and a crew oi
ta 12,

Prior to 1980 crab were harvested with a net. This practice was outlawed in 1980 and since then the crab
are harvested with a 160 c¢m x 60 om x 47 cm trap. These traps are usually fished by hand and set in
units of eight. The legal séason is July 1 to January 30. Fishing is usually continuous during this

pericd, depending upon market conditions. However . about 78 percent of the recent years landings have
occurred between Dctober and January (Table 2).

Table 2. King Crab Total Landings {tons) per Month, 1980-81 Season

Month

Landing
1980:  July 21.4
August 93.1
September 151.7
October 182.7
November 288.4
December 289.0
1981: January 205.0

Tetal 1,231.3

Production began in the early 1960s and was most important in the southernmost region, X1I. More

rvecently production has increased in regions XI and X. Production rose steadily to a high of 4.5 miliion
pounds in 1979 and has varied around 2.7 million pounds since that time.

Chilean Exporis

Chilean King crab exports increased from $4,600 during 1972 to $6,144,000 during 1982.

Exports increased
steadily from 1972 to 1979, Since 1979 exports have ranged from $2.2 million to

$6 mi1lien (Figure 1).

Monthly 1979 through 1982 export data indicate that over 80% of the exports occur in the last quarter of
each year {Figure 2}. During 1979, 90% of the exports occurred during this time.

From 1977 to 1982, Europe was the most important Chilean Xing crab exports destination absorbing an
average of 611 for that period. North America and the rest of South America were the other major exports
destinations. However, there has been a steady increass in the exports proportion to North America.
Most of the exports increase to North America ara comnrised of frozen product while Turupe dmpurts mostie
canned prooust Trom Chile (Figures 3 and &), ol

Product Form

King crab is exported as either froZen or canned. However, there #re at least 6 different types of can
packs and § frozen product forms. For example, the canned meat may be in brine, may be a pate, or may be
white or mixed meat, The cans vary from 110 to 240 grams net weight packed 24 or 43 to the Loy, Froze

- crab may be wixed meat, white meat, legs and claws, claws, weat with shell and whole shell, [t may be |
frorea in 250 or 500 gram blocks and packed 19 or 36 to the bex (Tables 3 and 4).
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Table 3. Typical Canned King Crab Product Form Exported from Chile

Weight GRS
Commodity Type of Lan Net ™ Drained Packaging Box_1g.
King Crab, Tin 307 x 113 180 130 24 x 180 4.3
in brine
King Crab, Alum 57 240 175 24 x 240 5.7
in brine
King Crab, Alum 69 100 90 48 x 100 4.8
pate
£ing Crab, Alum 69 210 150 24 x 210 5.0
pate
King Crab, 110 48 x 110 5.2
white
King Crab, 110 24 x 2 x 110 5.2
mix
Source: Pesquera Magallanes and Pesquera Cado de Horngs
Table 4. Typical Frozen King Crab Product Form Exported from Chile
Commodity Type of Black Packaging Box {kq)
Frozen meat 500 gr. 18 x 500 8.0
Frozen meat 250 gr. 36 x 250 9.0
White meat 500 gr. 18 x 500 9.0
White meat 250 gr. 36 x 250 9.0
Cooked meat 10.7
Legs and claws 5.0
Claws 5.0
Meat with shell 27.0
wWhole shel} 27.0

Source: Pesquera Cabo de Hornos

From 1377 to 1982 the proportion of frozes to canned product changed dramatically. Frozen product
increased from nearly OX of the total in 1977 to nearly 90% tn 1979, dropped back to about 6% +n 1980 and
was back up to about 78% in 1982 (F fgure 5).

Marketing

Only soall amounts of King crab is marketed domesticalty in Chile. The Chilean industry is dependent
upon exports. In spite of this dependence, the Chilean industry has not developed product ideptity or
differentiation. The export industry believes that there is confusion over their product. Chilean
exporters attribute their generally lower product price to this confusion and not to differences in
product composition or quality, During 1983, severa! Chilean exporters engaged marketing consultants to
address this perceived problem snd have selicited the assistance of Chilean Trade Promotion Bureaus in
San Francisco and New York City,

Prior to 1979, there wers few “kilzan Kiny cred companies, but they grew in size as production increased
After 1979, there has been an increase in the number of companies, as well as increases in 5)ze. )
However, production from these companies is far from steady, with several completely discontinuing
product fon some years. This variation is not essily explained by variation in production. There have
been severe domestic economic problems in Chile since 1979 and

ce 19 3 some companies have been ynab)
due to fimancial problews unrelated to King crab merketing, ' " 10 operate

There are about 9 companies that appear to'be_s.tetfdr weﬁwsand exporters of Kin b,
produce only frozen product and 2 produce only cumed Prodect. . -’_ crad. 0Of these, 4

R .
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Table 5. Chilean King Crab Industries, Season 1980-81 and Product Form Capabilities

Product

Industry Canned frozen

Pesquera 2 Oceanos
Pesquera Cabo de Hornos
Pasquera Baray

Pesquera Wagallanes
Pesquera Punta Mar

Coop. Pescadoes de T del
Fuege

Pesquera Polo Sur

S50c. Pesquera Mclean

Mo ox M m

Source: Instituto de la Patagonia

Conglusions

While the King crab industry is relatively new in Chile and much has to be learned about the population
dynamics, there appears to be potential for increased and steady future production. The product is

tlearly a market substitute for Alaskan King crab, which has suffered a severe production dezline during
the past 3 years.

Chilean companies involved in the export of King crab products have experienced large variations in
export volumes and product composition., Domestic ecenomic factors have contributed to these companies
difficuities. There is an effort to learn more about the export markets and to join with United States
importing firms. Potentially this will increase product standardization and stabilize the Chilean
product market,

In spite of improved crab production information, and improved market arrangements, the potential revival

of the Alaskan King crab industry and possible ecomomic instabtlity in Chile will continue to cast an
atmosphere of uncertainty over the Chilean Xing crab industry.




Development of a U.S. Surimi Industry

Sharon E. Gwinn
Alaska Fisheries Development Foundation
Anchorage, Alaska, USA

Despite its geographic isslation, Alacka has in recent history been a major participant in global
economics, by virtue aof its abundant natura! resources. The far-reaching influence of Klondike gold and
Prudoe Bay 0il is about to be matched by a living, renewable mar ine resource, Alaska pollock. About $150
million worth of this small cousin of the cod, taken from Alaska waters each year, is the focal point of
an international scramble for shares of a U.5. market exploding at more than 100 percent annual growth.

Surimi is a homegenized, white, flavorless protein paste, made by washing minced fish muscle in fresh
water. Sold in frozen ten-kilogram blocks, it is the raw material base for hundreds of differeat food
products, from shellfish analogs to jmitation mushrooms. Two unique properties of surimi -- its ability
to form a fine-textured gel at low temperatures, and its capacity for being restructured -- give the
material unsurpassed versatility in the narchitectural foods." Food scientists refer to these
capabilities as "functional properties.”

As we discuss the prospects for development of a U.S. surimi industry, it is essential to recognize
surimi as a material, mot a fish. Surimi can be produced from almost any fish species. Once the surimi
is made, it is impossible to determine its original identity. In this characteristic lies the
explanation far Alaska's strategy of using surimi as the key te the future of our fisheries.

The process for making surimi is i1lustrated in Figure 1. Round fish are headed and gutted, then minced
in a deboner/meat separator. The minced flesh is washed and rinsed in fresh water, to remove blood,
enzymes and other water-soluble proteins. A mechanical refining process removes any scales, bone
particles or connective tissue from the washed mince. A screw/press dehydrator is then used to bring
water content down to 75 to 77 percent. At this point the mince, with a consistency like that of mashed
potatoes, is blended with small amounts of additives (sugar, sorbitol, polyphosphates) which will
stabilize the protein and preserve its functional properties during freezing and cold storage. The
secondary processor or kamoboko manufacturer will partially thaw the surimi and mix it with extenders,
flavor and color to produce a finished product, as outlined in Figure 2.

The asterisks (*) on the diagram in Figure 1 mark important points. First, note that the surimi process
requires large amounts of fresh water. Second, note the variety and quantity of by-products. Third, you

can cee that the final yield of surimi from round fish weight is a mere 22%.

The importance of recovering the value of by-products is obvious. It is prasently unclear to what extent
this is done in Japanese surimi plants. With surimi yields of 22%, it is also clear that unlass
by-products make a large comtribution ta the profit margin, the raw fish had better be wery inexpansive.
Though the processing of potlock at sea facilitates superior quality of surimi, the fresh water
requirement is a severe and expensive limiting factor for offshore operatioms. It is often assumed that
the need for higher quality surimi is responsible for the trend of Japanese industry toward increased
gurimi production at sea, but in light of these points, one wonders if the shift was made in order to
redyce the price of the round fish.

Japan was the cradle and is stil] the primary domain of the surimi industry. Including the finished
(kamoboko) products, the industry is worth more than $5 billion in transactions annually. This is one
industry built by Japanese business, government and academia cooperatively, without benefit of any
American fnnovations t¢ copy.

what gives Alaska the audacity to atiempt competing in this area? The answer is the Pacific pellock, a
#al1, white-fleshed member of the cod family. This creature is so abundant that it comprises the
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Surimi Process flow
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Figure 1. Surimi Production
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Figure 2. Kamoboko Production

50 dense as to provide catches of twe tons a minute; and
inexpensive enpugh {390 per metric ton) to compensate for the low yield of the surimi process.

By itself

owth potential for American fisheries within our Exclusive

Economic Zone. It is too large an opportunity to ignore.

Every year more than three billion pounds (1.5 miViion tons) of
Alaska, almost entirely by foreign factory trawlers and floating
motivated negotiatiens, joint ventures now involve American fishermen in catc
tons per year. WMo shore-based U.S. processors currently handle pollock
U.S. factory trawlers process pollock when the more valuable groundfish

The traditional approach to fishery development in Alaska has been the demonstration project.
progressive individuals with many years of experience in the seafood 1

combinatien of catching, handling and processing methods,
resource can support economically viable (.5, businesses.
fisheries development funds to support as many apparently good ideas as possible.
very effactive if one‘s ohjective t¢ to create gpportunilies For an mndustry.

It is easy o understand why the Alaska seafood industry would pursue fisher
demonstration projects. Environmestal and economic conditions place constr
alternatives, so there are considerable uncertainties to he resolved in the pr

potlock are harvested in U.S. waters off

processors. Largely through politically
hing about 300,000 metric

on a comnercial scale. A few

species are unavailable.

A team of
ndustry davises and tests out a

in an effort to prove the huge groundf ish
This approach is suitable if one wishes to use
However, it is not

y development goals by doing
aints on technical

' . actical sphere befor
can even consider profitability. More significantly, a wniversa) characterist e

“that tremendovs quantities of fish or shelifish must be handled st vamote site

ic of Alaska's fisheries g

. : _ es in very short periods of
tims. These conditions mandate that #ost of the lndustry’s energy-asd axpertise be production-oriented, -
‘Uatil recently, there has been no great fesd for merketing effort becais we've .

been the proud possessors




of most of the woric's king crab and salmors, and coutd simply fill arders coming fraom the marketing
firms, whicn are all ‘ocated qutside Alaska.

Now, the crash of the king crab fisnery and increased salmon production *n other countries force 2 review
of priorities., Typizatly the grogressive svaiution of an indusiry 1qvolves a shift from production
orientation toward market orientatiar., hith the 2igd of esterna! influences, Alaska Fisheries Development
Foundatton is trying to accelerate this transiticm.

Once we adopted a market-oriented gerspective, our “polleck problem” was transformed inte tne “"pollock
gpportunity.™ The huage Blaska pollock rasource was o be the key t3 integrating our seafoad industry
into the U.S. food industry. This integration would give us a ifggt in the door" towerd creating diverse
market opportunitiss that woulid, in turn, induce expansior of domesiic oracessing capacity. Hecause of
its functional properties and its versatility, surimi Could give us Ene broadest selecticon of potential
market ocpportunities of any of the product choices availania from pollock.

The value of the Alaska pollock resource 15 no news o the Japanese. P3ilock reprasents ascut 15 percent
of the Japanese fish catch, and wore than a third of their polinck catch comes from Alaska watars.
Almost all of the Alaskan catch is made into surimt at sea.

Japanese production of frozen surimi began in 1960, in shore plants. That year's tota?! pack was 253
metric tons. The first forays into making surimi at sea on large factory trawlers occurred ir 1965,
Figure 3 illustrates the general shape of the Japanese surimi industry in the 1980's. Wits about nalf of
all surimi now being produced at sea, there is a coatinuing decling in the number of operating shore
plants, which are concentrated on the island of Hokkatdo. Comparing Figures 1 and 2, you car see that
curimi is extended dramatically in making the finished kampboke products. Much af this extension is
accounted for by water, which surimi will absorb in great guantities withaut deleterious effects on the
product’s texture.

Production, metric tons

At Sea % of Tata!l On Land % of Total Total Year
192,264 63 114,393 37 306,657 1981
198,534 58 142,000 42 340,534 1982
208,110 55 168,887 45 376,997 1983
224 444 55 183,315 45 407,759 1084

Imports, 1981
About 27,000 mt cod surimi (origin USA, USSR), about 230 ¥/kg

About 8,000 mt non-pollock surimi [origin Taiwan, Homg Kong, Thailand}, about 480 ¥/kg

Exports, to U.5.A,, metric tons

1978 677

1979 681

1980 703 {Other exports to Australia, {anada Europe.
1981 829 U.5.A. = at least 90% of total.)

1982 1,114

1983 1,709

Figure 3. The Surimi industry in Japdn

If Alaska is to develop a surimi industry of its own, Japan is the only obyvious market for the material
right now. Imports of surimi to Japan are restricted by quota, heavily regulated, and closely watched.
Import quotas are administered by the Ministry of Intermational Trade and Industry and the Ministry of
Agriculture, Forestry and Fisheries.
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Theoretically, a trading company or kamoboko manufacturer can simply regquest and receive an import o
allgcation for any product allowed for in the 98 country quota. However, there is avidence that a surim
user who decides to purchase U.S. surimi runs the visk of being cut off from present Japanese supplies.

Until there is a reliable, consistent supply of surimi available from the U.S., this is obviously a
foolish and unlikely move.

If you examine the distribution channels for surimi in Japan, you'l) discover that more than three
quarters of the country's production 15 distributed through companies that are owned by or affiliated
with one of the two largest Japanese fishing companies. These same companies gperats joinl ventures In
Rlaska, buyirg pollock at sea from American fishermen, and alsa have controlling interests in J.5.
seafood processors gperating Alaska shore plants. The passibility of exporting 1.5, surimi to Japan has
recently become a subject of the annual negotiations between Japanese and American seafoond ndustry
representatives, The negotiations are held to determine allocation levels for ipint ventire and foreign
directed fishing operations, and to discuss the two sides’ respective agendas for the future. In the
case of the pollock fishery, the U.S. clear’y does nat hold a very strong hand. But the industry-tg-
industry neqotiations provide, for the first time in many years, both a forum and a set of abiectives
which fishermen and pracessors can work together as a concerted force.
the develapment of a U.5. surimi industry,

on
This cooperation is paramount in

A look at the Japanese kamoboke industry {Figure &) gives us an idea of what might be in stare for the
future participants in the American market, “Kamoboke" is used here as a generic term for several
classes of finished preducts mede from surimi, In Japan, the classes are distinguished mainly by the
cooking method used, which may be steaming, broiling, or frying, I[n addition to the myriad of products
called “kamoboks," surimi is also used to make fish hams and sausages, usually placed in a separate group

in published production statistics. Though ail kinds of kamoboko products have been sold in ethnic
markets in the U.S, for many years, it is the imitation crab products that have put the steep incline ia
America's consumption of surimi-based products over the last fow years. The Japanese call these crab
analegs "kanibe," "kanikama® or "kaniashi,* and export sales figures will usually be found classified

under the heading “other kamoboko.* The surimi-based crab products wholesale in the 1.5. for about $2 to
$2.50 a pound.

Production, Thousands of metric tons

1952 1983 % of total kamchoko
Fish cake
(Xamoboka), Steamed 352 347 35
Broiled 188 195 20
fried 289 297 30
Fish ham, sausage 95 98 10
Imitation crab 36 44 5
Total 960 981 100
Exports: Mostly te U.5.A., Australia, U.K., New Zealand
Year U.5.A, Total, mt % to U.S5.4.
1979 977
1580 1,482
1981 2,604 4,033 64
1982 7,332 9,330 78
1983 14,982 13,829 9
1984 15,650 18,906 & (Jan.-July only)
Surimi-Based Products, Trends, X of total production
Year Fish Cake Sausage, Ham Imitation Crab
1973 83.5 15.1 1.4
1980 88, 9.8 2.0
1981 82. 9.7 2.7
1983 85.5 9.9 4.5

Figure 4. The Kamoboko Industry in.Jepan .
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Only one American company, JAC Creative Foods in Los Angeles, makes crab anatog products. Kibun U.3.A.,
an American subsidiary of the largest Japanese kamoboko manufacturer, has built plants in Redmond,
Washington and Raleigh, North garolina. The majority of the skyrocketing 5.5, demand for these products
is met by imports from an increasing number of Japanese as well as Korean producers.

& glance at Figure 5 will show how important the U.S. market for shellfish analogs is to the Sapanese.
These data are indicators of economic importance, but we must not forget that to Japan's largest fishing
companies, the maintenance of market share for Japanese kamoboke in the U.5. is of strategic importance
as well., As long as American companies can nat compete affectively in that market, we wii continue to
qive away the majority of the value of our pollock rescurce. The Japanese companies can continue to
reming us that since we do not have the ability to process the fish, they are entitled to it, Even if
all of our potlock were caught by U.5. vessels and made into surimi by U.53. proceéssars, less than 15% of
the total consumer value of that fish wouid be accruing to Amarican businesses. What we need is an
American market for American surimi.

Imitation Crab % of Kamoboko Exports
Year Production, mt Exports % of Product Exported That is Imitation Crab
1978 16,615 340 (USA only) 2 ?
1979 17,589 977 " 35
1980 18,037 1,482 " a5
1981 25,300 2,604 " 86
1982 36,000 3,330 (total) 26 92
1983 44,000 18,829 " 11 92

Figure 5. The Imitation Crab Market

If we imagine what the American market for surimi could look like, given the material's nutriticnal
advantages, functiomal properties, and ability to mmic all kinds of textures, we can visualize a vast
territory. As Jack Hice, the inventor of the fish stick, says, "The Universe is full of wonderful
things, patiently waiting for our wits Lo grow sharper." Before our wits can be of any use to us, we
must first draw a rough map of the territory. The list of U.S. food industry sectors in Figure 6 i5 a
start.

shellfish analogs chips, snack foods
formed fish products bakery products
processed meats pet food

flaver carriers, extracts meat extenders

sauces dietary foods
seasonings canned meats

pasta dairy product analogs
soups, stews non-dairy desserts
sausage, smoked foods frozen entrees

vegetable analogs
Figure 6. Market Opportunities in the U.5, for Surim

Each of these sectors is Tikely to interpret the virtues of surimi differently from the next. In a
frankfurter, the surimi might be there to replace fat, bind water, carry flaver, or contribute texture,
In a loaf of bread, it might be there as a protein fortifier. In a pasta, it might give jusi the right
"mouthfeel” and provide essential amino acids without affecting the product's delicate flaver. The pric
of surimi will, eventually, reflect the value of these coatributions.
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In some cases the material of choice might not be exactly surimi, but could be a washed minced fish, or
even a "whole" mince, if the desire for a natural, uynrefined muscle fiber is greater than the need for
extended shelf life. Syrimi is the “foot in the door” to the U.S. food industry, Once this versatile
material makes the introductions, the creativity, efficiency ang marketing skills of that industry can
take over, and bring into the U.S. economy the full value of Alaska's pollock resource.

To get surimi in the door, there is a terrific amount of inertia to overcome, Production-oriented
seafood producers are unmaccustomed to the technology of mechanized continuous processing and skeptical
about the profit margin in pollock. Fopd processing companies are unfamiliar with fish and doubtfl.’1 of
its marketing advantages. Cold storage and distribution systems for frozen foods in the U.5. are in many
instances inadequate for proper preservation of fish. Though surimi-based crab consumption has now
surpassed that of the "real thing," American consumers are not known far their attraction to seafood.

Fortunately, surimi's unigue capabilities can negate most of the assumptions underlying this apparently
hostile marketing environment. Looking beyond its use in shelifish analogs, we might easily envision
surimi as an ingredient in lunch meats, frankfurters, soups and sauces, pet faods, products for special
diets, and all manmer of “imitation™ or “entirely new" foods. The Alaska Fisheries Development . .
Foundation wants to promote the development of a diverse market for surimi in the U.5., because diversity
of markets translates intp alternatives for producers, conveying to them the flexipitity they need ta
stay in business and gain more economic stability. AFOF focuses on being a catalyst of market

development, by reducing the cost of product development using surimi in American food comparies. We
provide surimi,

i technical assistance and consistent encouragement to companies who want to evaluate the
possibilities of surimi as an ingredient that can enlarge their market or enhance their prafitability.

The market ngw taking shape in the U.S. for this versatile food ingredient promises to be entirely
different from the one based in Japan. The highly automated U.S. food industry will reguire a material
that is not only available year round, but also produced to meet specifications (protein content,
texture-forming capacity, water dinding capacity, color, etc,) within a lot of surimi, and from one lot
10 the next, will often pe even more important than gradatiaons in quality. These purchasers of surimi
will demand rigorous quantitative measures of all specifications of importance in their particular

groduct, and will not pay for gualities they don't need. Surimi will have to compete with a full range
of alternative protein in

gredients, including mechanically deboned paultry, soy protein, egg albumin,
casein, and wheat gluten.

Sweeping changes will occur in Alaska‘s seafood industry as a result of its introduction to the Y.5. food
busi.zss, Groundfish processing will become more mechanized and automated. Process control, cost
accounting, statistical quality control and other technical subjects will assume true high priority. If
U.5. seafood processors seize this new market opportumity successfully, the Alaska groundfish fishery
could actually be domesticated.

To conclude, it is clear that a U.S5. market for surimi will develop, and probably eventually match the
proportions of the Japanese market. Th

e only real question is whether it will be nurtured and owned by
American businesses, or dominated by imported products and U.S. subsidiaries of foreign companies.

In closing, T would like to share a boem, written by an Alaska fisherman, that embodies the tighter side
of this story.

SEA-LAML

Oh! what dilemma the hogs and stears are facing
for now the flesh of fish is being stuffed in sau
Mixed in with the spices, no fin or scale is sean
And nutritional information states, it has the same protein.

5o ingredients once rounded up by ropin' ridin' felliers

Are now coralled in nets pulled tight be fishin' hoat propellers.
To the ultimate dismay of the hog sloppin' granger,

Who finds the ainkers' future in no small amount of danger.

What the heck has happed, have we all gone balmy?

Coining up new words; the latest one- SEA-LAMI,

Things will never be the same, it seems sorta phoney.

1 can see 1t coming now. Can we stand- BAY-LONEY?

HARRISON SMITH
F/V SEA MINER

sage casing!
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Modeling Issues Pertaining to Fisheries Manageme:
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1t is sometimes argued {e.g. Pontecorvo, 1381) that in the fisheries economics avea too much effort is
experded in the construction of micro madels and *oo little attention is giver to macro analysis. Most
applied wark, the argument gaes, is conducted at the level of a single fishery, instead of within a
broader framework. In this short paper, | will attempt to categorise the work of fisheries economists
according to the Tevel of aggreqation at which it is conducted, to ratse some gemeral issues confrontin
model builders and to briefly address the micro vs. macrg issue.

A Classification of Fisherieshgponomists' Models

s a number of authors have remarked, economics is best regarded as a tool-kit. Any classification of
these tools is necessarily an arbitrary one but nevertheless the usual dichotomy of economic models int
"micro® and "macro® seems overiy restrictive in the present context. Instead I would prefer to denote

three broad approaches to empirical work:lf

{i) tools of a purely micro character
{ii) tools of a mixed character
{i17) tools of a purely macro character

Clearly the analytical tools are ranked in order of degree of aggregation and I will endeavour to
catalogue empirical work in fisheries management and seafood trade accordingly.

(i} Tools of a purely micro character

Here the researcher is concerned with the analysis of decision making by a single agent - either by the
individual consumer (although frequently neoclassical thesry is extended, without modification, to the
household) or by the firm. Studies of the former include, for example, the analysis of household
budgets, product quality and labor supply decisions. Applied work at the firm lavel often deals with
supply response and efficiency measurement, usually based on production, cost or profit functions and
utilising cross-section or mixed perinpdicity data.

In the fisheries economics area, the 1iterature falling within the purely micro category has been scant
Studies conducted at the household or fishing vesse) Tevel include Colman and Young ?19?2}, MAFF (1984)
sandiford (1984} and Opaluch and Bockstael (1984) but, outside these few examples, there has been very

little research work of this type. The neglect of this class of analysis is to be regretted somewhat ,

since many of the current interesting questions concerning the marketing of fish products and fishermen
response to market intervention may require the use of these tools.

{ii) Tools of a mixed character

A md e T wk

The analytical tools in this class are macro in the sense 0t covering i miolE Eluwimy Swh mtIrs Inoth
sense of maintaining the identity of imdividua) markets and products. They coutd equally well be terme
"market models® since much of this type of applied work concerns the analysis of demand or supply at th
market level or the construction of complate structural models of individual commodity markets, In
addition, however, the class would comprise input-output analysis, spatial equilibrium, general
equilibrium and trade.

Most applied work on fisheries economics would seem to fall under this mixed character heading.
Certainly most, if not all, of the bioeconomic models in the fishery management area. atthough often
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described as "micro" rnode!ﬁ.?—’r must be catalogued here since they are corstructed at the level of a
single fishery, nat of a vessel., Morecever, a number of structural models of individual fish markets
have been constructed {e.g. Doll, 1972, Storey and Willis, 1978, Strand et al., 1981, Blomo et al., 19687,
and Tsca, 1982), and severa) studies of the demand for fish and fish products have been undertaken {e.g.
Bell, 1978, Huppert, 1980, Crutchfield, 1982, DeVoretz, 1982). On the other hand, the use of input-

. . . ; 3/
cutput medels and spatial equilibrium as analytical tools is rare in the fisheries economics area.=
A discussion of general equilibrium and trade in seafood products is given later in this oaper.

{iii) Tools of a purely macro character

Macroeconomic models are constructed at the level of the national economy and address, tnter atia,
guestions of output, inflation, growth and the balance of trade, [t is often helpful to view
macroeconomics as essentially a highly aggregated version of general equilibriuc theory.

As fisheries economists, we are rarely dealing with pure macra issues. Macroscongmic variables may be
impertant determinants of variations in fisheries markets; yet this macro connection is ignored in micro
or market modeling. For example, if the researcher is trying to determine the apportunity cost of labor
in the fishing industry, as. say, part of a project concermed with reducing fishing capacity, then it may
be pertinent to expiicitly recognise that the probability distribution of epportunilies outside fisning
will be tied to macro variables such as the regional unemployment rate and that job search will be
affected accordingly. Perhaps the only area of modeling in which the interconnecction between 1evg15 of
aggregation is not neglected, is that of international trade. Namely, there have been a few studies

which attempt to amalyse the impact of exchange rate fluctuations or trade cycles on trade flows of
individual products {e.g, Siegel, 1584).

In sum, although fisheries econemists have at their disposal an impressive array of analytical toels,
they have, for ithe most part, made use of only those of a "mixed" character in their empirical study of
problems of fisheries manegement and seafood trade. This seems unnecessarily restrictive, However, as

fisheries economists broaden the range of policy issues which they address, it is to be cxpected that the
setection of analytical tools will also expand.

Recent Developments and Concerns

Over the last decade, a number of interesting developments and upheavals have taken place in the field aof
economic theory, and fn particular, macroeconomics. Specifically, a great deal of attention has been
given to the role of expectations and uncertainty, to non-competitive price formation, and to the

phenomenon of disequilibrium.ij Indeed as Hey {1981) has pointed out, at the current time economic
theory itself is very much in disequilibrium. These new concerns of economic theorists can be
incorporated into models in the fisheries economics area and indeed some have been both at the macro and
market levels of aggregation. for example, the first issue of Marine Resource Economics was devoted
entirely to aspects of uncertainty and fisheries economics. There has also been a limited amount of work
on disequilibrium (e.q, Bockstael, 1983) and this body of literature might expand as fisheries economists
turn increasingiy to the analysis of quotas. More generally, these theoretical developments have been

viewed as a way of providing rigorous microfoundations to macroeconomicséf and it 15 to this questicon
that I now turn.

Many would argue that a macroeconomic model or indeed a market model should not only provide an adequate
explamation (or fit} of historical data but also Tt should be founded on sound economic¢ reasgning, and in
particular on rational economic behaviour. If the latter is absent, then we have merely a statistical

relatfonship, not an economic one, and that relationship may be completely spurious. In other words, we
would be dealing with correlation, without causality,

The importance of microfoundations has also been noted recently by Perry: “.._if we take seriously the
idea that agents' reactions may depend on thelr environment, a good set of micro underpinnings could
inform our thinking about how to bring about desirable changes in agents' behaviour. [t might provide
some basis for answering whether and how the reactions of agents might change in a different

stabilization policy regime, It might also provide some basis for designing and evaluating policies that
are aimed wore directly at changing the reactions of agents.” {Perry, 1984, p. 402). Another view of

microfoundations is that they offer a rationale for what appears on the right hand side of a macre or
market level regression.

white Likse arguments for picrofoundations have much appeal, a fundamental issue for the applied
economist seems to get side-stepped, f.e. the question of consistent aggregation. An appeal to micro-
foundations may help in establishing the varfables to be included in a macro regression but the precise
form of the equation, ir order to rewmain consfstent with the micro fuaction, is still a major concern

The conditions for comsistent aggregation are Invariably restrictive. The work on aggregation in the
1960s {e.g. Green, 1954) bears this out and more recwit approdches to the problem (e.g. Lau, 1982) do not
seem to be much more aacouraging. In other words, there stil) remaint s wide gap between theory and
empirical practice. - . L Gedt gl - : :




Anuther hardy aevennis=! amang 4re modeling fssues is the delgte on whether partial equilibrios or general
equilibrium is the spproprizie spproach in the study of irterrational trade. The discussior here wil' be
corfined to tnose aspects which are relevant in the analysis of seafoed trade.

Many empiricai tracde studies, narticelarly of individual fish products, ave of @ partial, ad hoo type.

At one cxtreme, the external trade varjable is assumed to be espgenous OF expiained as 3 residual in a
sectoral model (e.g. Doli, 1977 and Storey and Willis, 19787, FPerraps o more illuminatisg approach is tg
specify individual behavicural equations, typically in the form n¢ demand functions, althcugh the export
relation may sometimes appear 35 a supply-type relation, (e.g. Blomo et al., 1987 and "soa, 19°71.
Alternatively import and export share equations are estimated, zgiin Tn a rather ad hoc mdnuer, Wwith the
cetaria pardlus assumption 3t least fmplicitiy being made [e.g. Wilsom, 1983 and Young, 1983}, Giver the
data prohlems which often plegue trade studies, these models seem o work guite well on the usual
statistical criteeia and it is likely that the partis? appruaen will remain 3 poputar crolice arong
appiied economists.

Some researchers, however, have sought Lo invoke the more e aborate paradigm krown as general aquilibeium
as *he basis for their trade madels which have been either econometrically based or some adaptation of
multi-secteral planning models. A recent example of this aporoach iz the mode! of the International
Institute for Applied Systems Analysis (T1ASA! and it might ne informative to putline tkat madel

br‘ieﬂy.é‘; The ILASA rodel is a system of linked national agricultura? su_b-models covering the warld
food and agricultural system as part of the Food and Agriculture Program?’ {rar).

An important feature of this modeling exercise concerns the Furopean Communities model, covering all EC
countries, except Greece. The general equilibrium scheme is illustrated for two countries in Figure 1.
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Figure 1. A Schematic Outline of the EC Model (simplified for two countries).

Under the Common Agricultural Policy, the EC nations first interact with each other and together they
trade with other countries in the world market. In the exchange component illustrated, €C prices, demand
and trade flows adjust, given total supplies and world market prices, until markets clear. The
2osumpticn of Fixed world prices cae be dronped when the EC Sub-model is linked with the FAP system and
the full system can be solved for equilibrium prices and trade flows under a variety Of policy SCendrivs.

For present purposes the important feature of the IIASA system {s its commpdity ceverage. Table 1 shows
that the EC sub-model covers 15 commodities including "fish". However when this sub-model is linked to
the global system, the number of commodities collapses to oaly 10 and the aggregate "fish® is combined
with "pork, poultry and eggs™. Indeed applied general equilibrium analysis, including that reported in
Scarf and Shoven {1984}, deals by necessity with broad comodity groups, often considerably more
aggregated tham in the IIASA scheme. A finely disaggregated system seems to be intractable.
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Table 1. Commodities in EC Mode) and in FAP Model System

[TASA/FAP Commodity List

EC Commodity List

I. Mheat 1. Wheat

2. Coarse grain 2. Coarse grain

3. Rice 3. Rice

4. Bovine + avine meat 4. Boving + ovine meat

5. Dairy 5. Dairy

6. Pork, poultry, eqgs S

7. Fish } 6. Other animals

B. Protein feed - .

9. 0ilseeds 1. Protein feed
10, Sugar
11. Fruit es
12, Vegetables l} 8. Other food + beverzg
13, Beverages and resid. other food
14. Nonfood agriculture 9. Nenfood agriculture
15. MNonagriculture

10: Nonagriculture

I would argue that atthough the analysis of trade in fish in total may prove useful for a numzer of
PUTpGSES, our interest in that broad aggregate is somewhat Jimited. More ofter we are concerned with the
changing composition of that trade in response to various policy and market stimuli or with trade flows
in individual fish species, such as salmon or, yet more disaggregated, Atlantic salmon.

Even if it were computaticnally feasible

> 2 full-blown gemeral equiTibrium approach in the Fisheries
economics area would rarely be nerited,

because the fishing industry does nat account for the Targe
. .. 8
percentage of national employment or of the total consumer budget in most countries.® Even Frank Hahn,

one of the most prominent defenders of general equilibrium, has stated: "The paradigm iz of course qf
ambitious generality and for ¥ery many important purposes a much more modest Marshaliian apparatus will
do very well." {Hahn 1973, p. 41},

Av alternative strategy,gf combining elements of the partial equilibrium and general equilibrium )
approaches, would be to restrict attention to a subset of markets which have a strong, direct bearing on
the commodity of interest or which would be affected markedty by a contemplated policy change. The aim
wauld be to make the subset as comprehensive as possible while keeping the system tractable. HMaving
constructed the subset of markets, it may be treated as an economy in and of itself. In effect, we would
have a restricted or constrained general equflibrium system. This approach may prove most useful when
examining relatively broad peticy questions such as extended fisheries Jurisdiction. MNevertheless, 25 a
general rule 1t may be argued that the more disaggregated the commodity in questign or the mere specific
the policy under discussion, the more Tikely that 3 partial model will be perfectly adequate.

Micro vs, Macro Models

Having outlined the array of analytical tools available to the fisheries economist and some of the
difficulties encountered with their implementation, th

€ question arises: which toel is to be preferred?

The question, however, may be readily dismissed, It 15 futile to debate whether a particular modelTing

methodolugg is a good one or a bad one; the worth of a tool depends entir
1

ely on the task to be performed
or the problem posed. The complaint rafsed at the beginning of the paper,
fisheries economics area 1s not macro anough

that empirical work in the
v 15 a ceiticism of the questio
in which the answers are derived.

ns being asked, not of the way

In the past much research in fisherles economics concerned the construction of bioeconomic madels
reflecting the underlying biological and econcmic relationships. The models developed were entirely
appropriate to the determinatjon of optimal harvesting soluttons, the key point of interest. While no
doubt this type of research will and should continue, 1t is atso ¢clesr that recent?
broadening their {nterests into s number of other a

reas, Including wmodeling of fishermen's behaviour,
policy analysis, marketing and international tradae.

As the fields of research expand, so too must the
selection of analytical tools and perhaps even new techniques may he dnyentad




Tpotnotes
1. “his classificatian broadly follows tnat of Reynolds {1971).
2. For example, see Hannessor [1978).

3. ixamples uof the use of irput-output include King and Shellhammer (1982}, Briggs et al. (1382) and
Froet {1983}, T have been unable to 'oca*e any studies which use spatial equilibrium snalysis.

<, See for exampie Hey {1979, 1981} and Denassy (198Z;.

5. See for example, Weintasb (1979) and Benassy (1232).

b. Detai's of the !1ASA approach dre given im Parikh (1981} and 7avber #t al. (13847,
7. Thirty-eight ccuntries are current’y included in the FAP mode syster.

8. Twis may not bhe the case in 4 numher of developing countries but there the overriding constraint is
iikely to oe data availahility.

G, See Just et ai. {1982), Chapter 9.
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An Econometric Analysis of Salmon Markets

Biing-Hwan Lin
Department of Lconomics
University of Alaska

USA

introduction

Salmon accocurts for a Yarge portion of 20th the physicel volume and sy-vessel value of the seafoad
narvest in the water of the Pacific coast {(Wood, 1970}, Sue to this relative impartance arwng fisneries
and the distributional issues invalwving different user groups of salmon related resources {e.q., water
and habitat), salmon has attracted considerable atiention among {fishery} economists in the Pacific
Northwest area. To date, numerous resecarcn efforts have been devoted tu investigating salmon related
issues, among them the attempt to fdentify and quantify the factors affecting the demand for salmes
products. An inexhaustive 1ist of previous demand studies includes Mash and Bell {1969}, Waugh ard
Yorton (L369), Wood {197C), Onuorah (1973), Juhnstan and Wood (1974}, Wang {1976), Juhnston and Wang
(1977, Mayc {1978), Abrabam (1479}, Swarts {1979}, and Devoretz (1982).

The usefulness of conducting a demand analysis 15 to obtain the erpirical estimates of demand swr-arice,
cross-price, and incone elasticities. The wse of these elasticities in drawing policy §tplicatians is
discussed in the rest of this scction.

Ir the past, the governments of Canada and the U.S. have spent millions of dollars in a variety of salmon
erhancement programs aiming at increasing the stock and the harvest of salmon. Since the well being of
salmor fishermen is one of the major public concerns in the salmon industry, an impartant issue that
needs to be addressed is the impect of increased landings on the ex-vessel price and the total revenues
received by the salmon industry.

Suppose curves Dy, D and Dt {as shown in Fiqure l]if are domestic, export, and total demand for Pacific
salmon, respectively. The vertical line % represents the landings of salmon before the salmon

enhancement proqrams.g/ The equilibrium price of salmon is set at P. COd ond Of are gquantities consumed
domestically and exported, respectively. The supply intersects the total demand at its inelastic
portion, by construction. Thus an increase in landings (from S to §') due to enhancement programs will
depress the ex-vessel price (from P to P') at a yreater percentage [i.e,, PP'JOP > $5:/05) so that total
revenues received by fishermen drop from PdSO to P'eS'D. However, it can be shown that an increase in
landings will increase fishermen's revenues if landings intersect the total demand at the elastic
gortion, say peint g. Thus this example illustrates the polifcy implications {(i.e., if the salmon
enhancement programs will increase or decrease fishermen's revenues) that can be drawn from the results
of demand analyses.

(ne important issue which should be raised here is that the ignorance of either ¢f the two markets (i.e.,
domestic and expert markets) will hamper the emprirical results in two counts. First, the totat demand
(Dt} is more elastic than the twe individual demands {Dd and Df). Ignoring either one of the twe markets

will limit the usefulpess of cenducting such an analysis. Secondly, the empirfcal results will lTikely
cuffer fram hayins 3 cimpltananuc equatinne hias. lnfortunatelv. most of previous demand studies have
pursued this issue along the single equation framework.

This work is a result of research sponsored by the Oregon State University Sea Grant College Program and
the University of Alaska Summer Small Grant Program. The author gratefully ackmowiedges Richard 5.
Johnsten for his suggestions for Tmprovement and presenting this paper for me. All remaining errors are
the author's responsibility.
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Quant:icy

Figure 1,

Impacts of Increased Salmon Landings on Fishermen's Revenues

The cross-price elasticity is anocther useful source of infgrmation

analtysis. For example, canned tuna is considered as a substitute of canncd salmon. The cross-price
elasticity of canred tuna will indicate the spillover effect of changes in the tuna market on the salman
market, Therefore, if a change

in tuna market is anticipated, we can predict the possible effect on the
salmon market by examining the results chtained from a demand analysis.

which can be provided in a demind

Japan and Norway are competitors {both as censumers and suppliers) of North Arerica in the internatiznal
salmon markets. The inclusion of the producticn levels of both Japam and Norway in the mzrket analysis
will not only improve our understanding of the market but also enable the prediction of possible courses
that the market will take when foreign production varies. This issue will receive more attention hacause
several salmon producing countries have expressed an interest in duplicating the successful salwan

farming practice in Norway. In the past, little attention has been patd to the issue of international

* competition,

The above discussion points out the research direction of this study. The main objective of this study
ts to lmprove ocur understanding of the factors affecting the Pacific salmon markets, To achieve this
objective, two models have been estimated, The first model emphasizes the demand for Canadian canned
salmon markets. Both export supply and export demand are estimated simultaneously by two-stage least
squares and three-stage Teast squares,

In the second model the Pacific {both Canada and the U.5.} salmen
markets {both canned and noncanmed) are decomposed {nto two sectors {(supply and demand}. The dllecation

of salmon iato canned and noncanned product forms is formulated by applying the Nerlove expectations

models {Labys, 1973) and estimated by seemingly unrelated regression techniques. Then the supplies of
canned and nencanned salmon are treated as éxcgenous virfables in the sybmodel in which the export supply
and expart demand for both products are estimated by three-stage least squires tec

hniques,
An Econometric Anatysis of the Canadian Canned Salmnn Marnt

In the past, several studies have estimated the d

emand ‘faor Canadfan vanned salmon.
attempts to estimate domestic demand and export

None of these studiesg
demand simultaneously. In a recent publication Devoretz
(1982} stresses the need for disaggregating salmon tato different spectas, However, the domestic demang
and exports are aggregated intc the wholesile demand which is then estimated by both ordinary 1east
squares and two-siage least squares techniques. Bacause dom itic demand 1.and export demand are likely tq
be affected by different factors, it is Yikely thet Quyordts's bodel can 3111 be improved upon by
estimating the dowestfc demsnd and sxport dimand 3TaittaBenialy tn's system of equations.




The landings of salmon and the supply of vanned salmon are assumed to be zerfectly price inelastic. This
assumption is usually made eithev explicitly or fuplicitiy in the fishery literature. However, an
attempt is made ta investigate the process of allocating landings inte different product forms in the
second mode’.

Because Canadian canned salmon is consumed both domestically and abroad, an interrational trade model is
specified which contains two tehavioral equations {an export supply and an export demand} and one
identity {quantity exported equal to quantity imported) as discussed im the next section.

Model specification and empirical results.

The results of the structural estimation with variable definition are susmarized in Table 1. [Data
sources are summarized in Table 2. Fach functional form {for the behayioral equations) is assumed to be
rultiplicative. The Canadian export supply is hypothesized to be negatively related to the real Canadian
income level, and positively related to the real wholesale price of canned salmon, real wholesale price

of p0u1try.§/ and Canadian landings of salmon, Ideally, the real wholesale price of canned tuna should
be trested as a demand shifter. The price of canned tune is ignored for lack of data. The export demand
for Canadian canned salmon is hypothesized to be negatively related to the real wholesale price of camned
salmon, the U.S. producticen of canned salmon, and Japan's landings of salmen. The export demand is
expected to be positively related to the real U.5. income lewel, the exchange value of the Canadian
dollar in terms of the U.S. dollar, and the real wholesale price of canned tuna in the 4.5. Finally, the
quantity exported by Canada should be equal to the guantity imported by the rest of the world from Canada
as specified in the ideniity equation.

Table !, Structural Estimates and variable Definition
1. The exchange variable is treated as am exogenous varfable.
1. Canada's export supply of canned salmon:

{2505) CXQ = 6.21 + 2.40CWP - 1.20CY - 2.49WPL + C.84arpC + 1.21LC
(4.39) {1.41) {0.65) (1.44} (C.98) {0.41)
PRMSE = 00,0352

(3SLS) €XQ = 8.00 + 1.B7CWP - 0.90CY - 2.12WPC + 0.91PPC + 0,96LC
{4.28} {1.39) {0.64) (1.43) (0.97} {0.39)
PRMSE = D.050Q

2. Canada's export demand for canned salmon:

(2SLS) CXQ = 28.4 - 2.68CWP + 0.29UY + 2,33ER - 1.10UCQ - 0.048JL + 0,57T¢
(8.0) (2.09) fo.97) {2.31}) {0.69) {0.48} {1.49)
PRMSE = 0_0343

{35LS) €XO = 25.2 - 2.45(WP + 0.26UY + 2.11ER - 0.93UCQ - 0.0024J1 + 0,30TP
(7.7} {2.0) (0.94) (2.21) (D.68) {0.45) {1.44)
PRMSE = 0.0481

IT. The exchange rate variable is excluded from the model specification,
1. Camada's export supply of canned salmon:

{2SLS) CXQ = 5.BS + 2.43CWP - 1,30CY - 2.43WP( + 0.77PPC + 1.24LC
{3.98) (1.41) (0.43}) (1.41) {D,90) {0.39}
PRMSE = 0.0355

{3515} tXQ = 6,77 + 2.08CWP - 1.17CY - 2.0BWPC + 0.79PPC + 1.07LC
(3.93) (1.40) {0.43} {1.40) {0.89) {0.38)
PRMSE = 0.0522

2. Canada's export demand for canned salmon:

f2g0c) cxn = 29,9 - 3.30We + 0.280F + 3. 31ER - 1.34ucq ~ 0.0434L + 0.427P
{8.4) (2.07) (1.05) (2.07} (0.68) {0.5¢; {i.59)
PRMSE = 0.0347

(35L5) CxQ = 26.8 - 3.07CWP + 0.25UY + 3,07ER - 1.18UCQ - ©.009JL + 0.16TP

(8.2) {2.02) (1.03) ({2.02) [0.65) {0.5) {1.56}
PRMSE = 0.051 '
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e .
Note: numbers in parentheses are standard errors; coefficients are also elasticities; FRMSE denctes
ropt-mean-squared percent error.

Jointly Determined Variables

CXQ: Canada's exports of canned salmon in thousand pounds.
CWP: C[anada's wholesale price of canned salmen, cents per pound.

Predetermined ¥ariables

C¥: Carada's income tevel (million dollars) deflated by its wholesale price index.
WPL:

Canada‘'s wholesale price index, with 1979 and 1980 figures being estimated by a 1incar trend model.
PPC: Canada‘s poultry price index deflated by WPC.
LC: Canada's landings of salman, in thousand pounds. )
Ur:  U.s. income level (102C million dollars) deflated by the U.S. wholesale price index.
ER:

Units of Lanadian dollar per unit of U.S. dollar, deflated by the U.S. wholesale price index.
UCQ: U.S. production of canned salmon in thousand pounds.
JL:  Japan's landings of salmon.

TP:  Real price of ranned tuna in the U.5.

Table 2. Dats Sources, 1957-1980

Variablesd!

Sources

—

CQ, FQ, CWP, USOC, NMFS, Fishery Statistics of the U.S.
FuP, TP & HL Various issues.

2. USDC, NMFS, Fisheries of the U.S., Various issues. . _ .

3. Statistics Canada, Annual Statistical Review of Canadian Fisher1es, Various 1SsUes.
CXq & FXQ 1. USDC. Bureau of Census, U.S. Imports for Consumption, Various issues.

2. s U.5, Exports for Consumption, Various fssues,

3. Trade of Camada: Export by Commodities, Yarious issues.
Y. ¥'., & ER 1. IMF, International Financial Statistics, Various issues.

2. UN Monthly Bulletin of Statistics, Various issues.
CSP & FSP 1. USDA, Food Consumption: Sources of Data and Trends, 1909-63.

2. USDA, Food Censumptian and Expenditures, 1960-8, .

3. Agricultural Canada, Handbook of Faood Expenditures, Prices, and Consumption, 1381,
Ju B AL I.

FAQ, Yearbook of Fisherjes Statistics, Various issues,

The model is estimated by both two-stage least squares {25LS) and three-stage least squares {3SLS)
techniques using the annual data for the period of 1952-80, The reported low root-mean-squared percent
errors (PAMSE) indicate that the model appears to it well. A}l variables have the signs consistent
with 3 priori theoretical eapectations. Because the exchange rate variable and the price variable have
similar coefficients in the export demand function, the hypothesis that the exchange rate variable and
the price variable should be treated separately is refuted and the model is reestimated accordingly.
Bath 2SL5 and 3SLS provide similar results (see Table 1) which are interpreted here.

Since the functional form 1s multiplicatfve, the estimates are also the elasticities.
canned saimon, income, and Tandings of salmon variables have the absolute elasticities
in the export supply equation. By performing necessary manipulations it can be shown

domestic demand for canned salmon is both price and fncome elastic.§! The finding that the Tandings

variable has an elasticity greater than one {s consistent with the fact that canned salmon accounts for
a larger market campared to the noncanned market.

The high price elasticity of the export demand is
plausibie, as the Camadian canned salmon exporters are coapeting with other suppliers from Japan and the
U.5. in the international market. Given the emplrical results, we can predict that an increase in the
landings of salmon will increase the market value o

T the increased groduction in canned salmon at the
wholesate level. Because the derived demand for the salmon at the ex-vessel level is not estimated here,
it ts impassible to measure the direct retatfonship between landings and f

ishermen's revenyes. However,
if the fishermen's revenues are assumed to be proportional to the wholesale values, Tt seems reasonable
to conclude that fishermen as 2 whole are 1{kely to Increase their revenues from the salmen enhancement
program.

The price of
greater than one
that the Canadian

An Econometric Analysis of the Parific Saluon im Norih Auerive

Both Tandings of salmon and the supply of canped salmon are assumed to be perfectly price inelastic in
the previous model. This assumption has been madie By a)) the previsus espirical studies in this research
area. The treatment of landings as an exogenous variable arises from the-difficulties in Justifying
(empirically) tgatt:he ?zgzﬁntieg;ygz::lizzlzg'e;nizfﬁz:{;t::isigggz;gLc!&l}uf landings significantly,
There are many factors {biological, . » POINLical, reguintory, atr. } which can exert si i
impacts on the stock amd catch of salwon.  Tuo recest. srtieles by ©) g ) and MeCart  gms

™ 7 11ark and Molart (1983) and McCar
Rettig (1983} are presentations of our Hnltql : 107 5aTHon 2t the exovesso] ﬂr:ar::g,




The difficulties of specifying & supply function for salmon at the ex-vessel market aré not Gvercome
nere. MHevertheless, sm attempt is made to shed 1ight on the precess of allocating rawlsa1mon irto
different product forms [canned ard noncanmed) by employing the Nerlove expectatisr models.

In the previous model ang the present model total demand For salmon at the wholesale level is partitioned
into domestic and export demand tc remove & possible simultareous equations bias. The present nodel
differs from the previpus studies in the level of aggregation. First, all five salmun snecies {chirook,
coha, chum, pink, and sockeye)} are aggregated. This is & necessary srocedure, since the U.S. export data
are available on a species hasis for only a very srort perioc of time. In addition, the high correlation
among the ex-vessel prices of different species of saTmon will certainly create multicollinearity
problems if demand “unctions are specified ‘or cach species with prices of all five species being
included in the model. Second, Carada and the 11.S. are combined inte one regior {Horth America:’and all
importing courtrics of Pacific salmen from North America are grouped frto tre rest of the world (ROW)
region. This type of aggregation has been suggested ir the stydies of internatioral Lrade in
agricultural commodities (e.q., Fletcher, Just, and Schmitz, 1977}, The high correlation £4.5557)
between the Canadian angd the U.S. average ex-vessel prices suggesis that salmon marvets in these two
countries are highly interdependent and hence suppurts this aggregation procedure.

Model specification

Canned and round and dressed salmon {fresh and frozen) are the major nroducts processed from Tandings.
The production of each salmon product depends on several factors, including the wholesale price,
processing and marketing costs, and the ex-vessel price. These factors need to be prgdicted by
arocessars or negotiated between processors and fishermen o that the desired production can be planned
by processors before the opening of the salmon season.

Processing and marketing costs are assumed to be constant in order to simplify the analysis. The volume
of tandings is the major determinant of the ex-vessel price, when demand shifters remzin constant. The
present level of landings is thus used to represent the ex-vessel price. Since canned and noncanned
salmon products are competing for supply in the ex-vessel market, wholesale prices or both products are
included fn each supply function. Based upen the above arguments, the desired production of canred
salmon is hypethesized to be:

(1) CQ* = ag *+ a CWP* + a,FHPY + agNL + uy

where an asterisk indicates the desired or expected level of variables; CQ is the production af canned
salmon; CWP and FWP are wholesale prices of canned and roncanned salmon, respectively; NL denotes the
landings of Pacific salmon from North America, vy is an independent, normally distributed random error
term with a Zero mean and constant variance,

Assume that production cannot change immediately in response to new economic conditions so as to reach
the level planned for the same period. The following quantity adjustment is introduced,

(2) cq - €q_; = k(ce* - co_y)

where -1 indicates a one year lag for all variables; & is the coefficient of adjustment speed and
0 <k <1,

Combining equations {1} and {2) leads to an equation in which the supply variable is represented in terms
of its actual guantity.

{3) €Q = ka, + ka,CWP* + ka

¢ 1 2
The price variables are now the only variables left in the expectation form. Nerlave (1961} indicates
that they can be removed by making certain assumptions regarding the manner in which processors farm
their price expectations. The simplest case is that of the naive expectations, where the current
expected price fs assumed to be egqual to the previcus actual price, i.e.,

FWP* + {1-K]CQ_, + kaghL + u

(4) CWp* = CHP_1 and FWP* = FHP’1

Substituting equation (4) into equation {3} leads to the supply function being determined by the
variables in actual values, i.e.,

(5) L = bo + byCWP_, + boFWP . + baCQ_y + DghL + uy

where h0 £ Kag, bl = kal, b2 = kaz, b3 = l-k, and by = ka3. The expected signs far the coefficients are
by > 8, by < 0y b3 > 0, and by > 0. If the coefficient of the adjustment speed {k]) is close to one by
will be close to zera. Similarly, the supply of noncanned salmon can be hypothesized to be:

{6) FQ = cg * ch_HP_l + CZCHP_1 +eqafQ, * cyfil + uy

91



It should be noted that equations {5) and (€) can be derived from different assumptions of quantity and
!

price adjustment processes.b’ The major discrepancy, due to the use of ¢ifferent assumptions to derive

the same specification of the supply relationships, Ties in the complexity of the error terms.
Consequently, different estimators are empioyed,

The specification of the domestic demand and export demard for canned and roncannes salmon follows the
previous mode! and can be expressed by equations (7}, {8}, (9), and {10}, respectively.

(7] 0N = djy + d\CWP + oY + dyTP + d,CSP + u,
{8) CXQ = 2y + e CWP" + e ER + 2,¥' + el + u,
&) FOQ = fu + ‘1FHP +E Y 4 fLFSP +oug

{10} g =

Gy ¥ glFNP' + gEER + g3Y' + quL + gEJL * g

where CDQ, CXQ, FDQ, and FXQ are twe domestic and export demard for Pacific canned and noncanned saimon,
respectively, CWP, CWP', FWP, and F¥P* are the real wholesale prices of canned and noncannzd salmon i
U.3. dollars and foreign currency, respectively, ¥ and Y' are the real income levels for the Korth
America region and the major importers of the Pacific salmon, respectively; CSP and FSP are tre rea
prices of substitute or complementary goods with canned and noncanned sa'mcn in North freriza,

respectively; JL and AL are landings of salmon in Japan and of Atlantic salmen, respectively; ER is the
exchange rate variable; u; s the error term.

The model consists of six behavioral equations {5) - {10]. To close the above mode’, four icentity

equations are needed. As specified in eguations {11) and (12}, supply of each selmon praduct cguals the
sum of domestic demand and export demand. Equations (13} and (14) are price identity equations.

(11) €Q = CDQ + CxB,
{12} FQ = FOQ + FXY,
(13) CWPEER = CWP',
{14, FWPYER = FWP',

Estimation procedures and data sources.

To facilitate the discussion of estimation procedures and data sources, the model is restated here with
the a priori expected signs of the coefficients included,

1. Supply functions:

(11.1) CQ = F+CHP_y, ~FWP_;, +CQ_;, +KL)

{11.2) FQ = g{+FWP_;, -CWP_,, +FQ_y. L)

2. Domestic Demand Functions:

(11.3) CBQ = h{~CWP, +¥, +TP, ?7CSP)
(11.4) FDQ = f(~FWP, +v, 2FSP)

3. Export Oemand Functions:

{i1.5)} CXQ = j{-CwP', -ER, +¥', -3}
{t1.6) FXQ = k(-FWP', -ER, +Y', -Ji, 7AL)
4, Identity Equatfioms:

(11.7) €Q = CDg + CXQ

{11.8) by = tOQ + FEQ

(11.8}) CHP*ER = CWp'

{11.10) ' . FWP*ER = FWP'

Estimation ée:ture.s. The above model actually consists of twe sSubmodels, one for canned s 1
- other for nomanﬁi'ﬂ_' salmon, Within each subsodel, supply is detorsnined first and then feedsair::g ::: the
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fquantity} identity equation in the sysien of sirultanecus equations which contains two demand eguations
(domestic and export decmand) and two identity equations. Tverefore, it is a recursive submodel.

Because the error term in each supply equation may OF Tay not be serially correlated by assumption,
different estimators are employed. In the case when the errgr term is not correlated, the presence of a
tagged endogencus varisble (CQ-l ar FQ*I) among the explanatory vartabies neans that tne error term is no

Tonger uncorrelated with all the explanatory variables {Jonneton, 1972). As 3 conseguence, the ordinary
least-squares (0LSQ} estimator will produce biased estimates in small sanples. 1t has, however, heen
proved that the OLSQ estimator has the ema'lest mean squared error when compdred to two gther alternative
estimators (Copes, 1966). For this reason, the 2180 £til] seems the best estirmator, provided that the
error term is rardom.

While the error term in esch supply egquaticn may be serially uncorrelated, the errur LEPES may ke
correlated acrcss the two supply equations. This is because the Yandings oF se¢lmon are processed ‘ntg
sither canned and noncanred salmgrn. Thercfore, the two Supply equations are estimated »y the scemingly
unrelated regression {SUR} technique.

As explained above, different expectations models will Tead to the same specification of eguations (11.1)
and {11.2) with complicated error terms. Facing this issue, two adgiticnal estimators are employed.

They are a generalized least-squares method with the Cochrang-(rcutt procedure (Labys, 1972) and an
instrumental variable approach {Johnstom, 1972},

Two systems of simultaneous equations for the demand sector aré specified in this rodel. Due to the
nature of the guantity identity equation, the behavioral squations can not assume the maltiplicative
functignal form, if the reduced-form equations are to be derived with unique coefficients. They are
assumed to be linear. These twa simultancous eguations systems are corbined and estimated by three-stage
least squares [35LS) to take into account the possible correlation between the errar terms across
systems.

Data sources and problems. Data used in this study are annual, covering the period from 1952 to 1980.

Data sources arc summarized in Table 2 (page 4}.

The major data prohiem Vies in lack of the production data for noncanned salmon in the U.5. The
production of canned saimon is converted into live weight and then subtracted from the landings figure to
derive the U.S. production of noncanned salman. 7o produce a 48-pound (standard} case of canned salmon,
depends on the species of fish being canned, as follows: chimnook, 58 1bs.; caho and chum, 72 1bs.;
sockeye, 70 1bs.; and pink, 78 1bs. (Johnston and Wood, 1973}, Apparently, there are difficulties in
using these conversion rates throughout the period 1952 to 1980, but it is the most convenient way of
estimating the U.S. production of noncanned salmon.

Since the data on production of nancanned salmon in the U.S. are not available, it is difficuit to
calculate the wholesale price of noncanned salmon in the U.S. For this reason, the Canadian wholesala
prices of canned and noncanned fround and dressed) salmon are converted into the U.S. dollar and used as
endogenous price variables.

Bacause the whole world is partitioned intc two regions (North America and ROW)}, 2 further explanation of
the calculation of some variables {income and exchange rate) is in order. The RON income variable {¥')
is calculated by the following formula:

3

LI *
Y LRIV

i=1

where n s the number of major importing countries of Pacific salmon; fit and Yio are the ith country's
income levels in years t and 1952, respectively; Hit js the ith country's share of the ROW's imparts im

year t. ATl income figures should be deflated by appropriate price indices (such as the wholesale price
index of each country}. Exchange rate variables are calculated similarly. That is,

7/

n
= * -
ER E (Eﬂitlinioj Wiy

where ER;, and ERin are the upits of the ith country's cunieacies por unit of tha 1LS dellar in year t
and 1952, respectively.

Empirical results.

Three estimators are employed to estimate the supply equations. They are {1) seemingly unrelated

regression {SUR), {2) generalized least-squares with the Cochrane-Oreutt procedura {GLS) and {3) the
jnstrumental variable procedure {IV). SUR and GLS produce similar results but SUR perfarms better in
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terms of mean squared error. The IV procedure does nat provide expecied results. Therefare, only the
SUR results are reported here, with t statistics in parentheses.

Q= -20.5 - 1.35FHP_1 + U.BSCHP_1 + 0.045CQ , + D.55NL

(.05}{3.50) {2.03) {0.50) -1 1920}
R = 0.828
Fo= 1.06 + 1.84FWP | - 1.12CUP , + C.120FQ_, + C.ISNL
(o2 (3.86) "% fz.o09) T (1.2e) TP (1.76)
R% = 6,858

The high R-squared statistics indicate a good goodness-of-fit for both equations. A1l th estiha§ed ;
coefficients have signs consistent with a priori theoretical expectations., The estimated coefficients o
the price variabies ?pr_l and CNP_I] in the noncanned salmen supply equation are higger tkan those in

the canned salmon supply equation. This result reflects the fact that it takes more raw salvon to
produce canned satmon than noncanned salmon. The landings variable (NL) has a bigger coefficient in the
canned salimon eguation than that in the noncanned equation, This points out that the canned markel 1s
bigger than the noncanned market. The coefficients of lagged supply variables {CQ_l and FQ_:} are small

and statisticaliy insignificant, reflecting a high speed of adjustment in both sectors.

The two simultanscus equations models are estimated as a single system by three-stage 1G§St SquUdres
{35LSY. The results are summarized below, with standard errors in parentheses and elasticities in
brackets.gf

COO = 130 - 1.93 CWP - 0.23 Y + 15,31 TP - 1.1Z PPy + 2.62 MPU
(53) (0.60} (0.13) {6.12) {0.74) {1.27)
11.13] [1.27] [1.58] [0.81] [1.84]

PRMSL = 0,251
C¥Q = €4 - 0.11 CWP' - 4.55 ER + 0,030 ¥' - 0.G7¢ JL
(55] {0.18) {56) (0.02) (0.08)
[0.32]
PRMSE = 0.709
FOQ = 8.5 - O.BS FWP + 0,0B ¥ + 0,137 PPU + 0,398 MPU
{48) (0.75) (0.096) (0.49) (1.0}
10.96] [0.97] [0.23] [0.65]

PRMSE = 0.608

FXQ = -16.8 - 0.127 FWp* + 1415 ER + 0,055 ¥' - 5,028 JL + 0.72 AL
(42.7} {0.137) (42) (0.01} {0.032) {0.448)
[0.24]

PRMSE = 5.463

Because R-squared statistics are not applicable with 35tS {and 25LS), root-mean-squared percent error
{PRMSE} is used to evaluate the overall goodness-of-fit, Im terms of the associated PRMSEs and standard
errors, the domestic demand for canned salmon equation performs well but the export demand for nencarned

salmon equation performs poerly. In gemeral, most of the varlables have signs in accorddance with
4 priori expectations.

In the domestic demand for canned saimen equation, the price variable (CWP) has a negative coefficient
and statistically significant at the 1% level, based on a one-sided asymptotic test. The own-price
efasticity, calculated at the mean, is 1.13. The Income variable has an unexpected sign. Similar
findings have been reported in the previous studies when the quantity dependeni model is specified. It
should be noted that canned salmen is found to be a normal good in Canada as indicated in the previous
mode]. Because the income variable may capture the effect of the change in cansumer's tastes, it is
still an open question if canned salmon fs an inferior good in Morth America. Canned tuna appears to be
a substitute good of canned salmon. The recent glut in the supply of canned tuna in the international
market will have a sizable spillover effect on the canned salmon market, The empirical results also
tndicate that poultry (PPU) 1s a complementary good with canned sailmon and beef (MPU) is found to be a
substitute good of canned salmon,

All the estimated coefficlents in the export demand for canned salmon equation have expected si

Japan’s landings increase, the export demand for canned salmon decreases. A surge in Ehe va13;g::-th§5
1.5, dollar will, as expected, adversely affect the export demand for North American canned salmon.
Because the exchange rate variable in the export demand for aoncaaned saimon e

sign and it 15 statistically tasignificsnt in both expert ¢ guatinn has a unexpected

demand sigiaitons :
fs excluded from the model speciflutimt in .mmmm T 3t the exchange rate variable

BLS results are summarized below.
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cog o= 132 - 2.03 CWP » 0,22 ¥ 4 14.7 TP - 1.12 PP + 2.70 MPU

{52) (D.58) (G.13) {6.02) {0.72) {1.25}
£1.19)
CXQ = 60 - G.131 CWP' + 0,032 ¥' - 0.0775 JL
(13) {(0.095) (0.014)  (0.0371)
[2.37]
FOQ = 5.5 - 0.991 FW® + 0,094 ¥ + C.179 PPU + 0,365 MPU
(48) {0.76} (0.097) (C.494) (1.0}
[1.13]
FXQ = -4.37 - 0.078 FWP' + ©.052 v - 0.026 Ji + 1.762 AL
(157 [0.094) (n.aos)  {9.03} (0.043)
(3.15]

Judging from the associated standard errors and ectimated coefficients, the treatment of exchange rate
variables as separate shifters is not supported in this study. In both experiments the demand for canned
salmon appears to be more price-elastic than the denand for aoncanned salmon. Together with the fact
that it takes more raw salmon to produce canned than narcanned salmon, an imcresse in the landings of
North Arerican Pacific salmon should induce 2 bigger increase in the preduct fon of canned salmon, when
the valecs of other predetermined variables remain constart. therefore, it is believed that the recert
glut n the supply of canned salmon will have a great impact on the salmon Hishery. As indiceted in the
enpirice] results, Atlantic salmon appears to he a complemertary good with Pacific sslmon. kowever, the
relationship between Atlantic and Pacific salmon is reve-sed in a separaie pyaerinent tn which all
ronetary variables are exsressed in logaritheic terms. B agssible explanation is that the landings of
Atlantic salmgn have been relatively low until recent years. The relat onshis between these two species
of saimon is, therefore, difficult to detect at the present time.

Summary and Suggestions for future Research

Because salmon is sre of the most valuable fishery resources of the pacific coast, research in salmun
markets has received considerable attention amonq fishery economists in the Pacific Sorthwest area.
Although saltmon products are traded heavily in the international markets, the international comporent has
rarely been ‘ncorporated in the analysis of demand for salmon. As a result, the problems of mode)
misspecification and simultarepus equations bnias may be present in the previcus studies. Therefore, the
major objective of this research is to improve our understanding of the salmen markets by considering the
international component explicitly.

Two international trade models are specified and estimated in this research, The first model emphasizes
the Canadian canned salmon market. The empirical results indicate that the Canadiar domestic demand for
canned 15 both inceme elastic and price elastic. The finding of a pasitive tncome elasticity contradicts
the previous findings im the literature. This raises an interesting question of wnether the unexpected
finding of tcanngd salmon being an inferior good can be explained by the problems of model
misspecification. Therefore, future research in this area i5 still warranted. The finding of a high
price-elasticity is consistert with the previous findings and suggests that an increase in the groduction
of canned salmon will increase its gross wholesale values. For the time being, it is difficult to
predict if an increase in salmon landings will increase or decrease the ex-vessel values received by
salmen fishermen. In order to examine the effect of increased landings on its ex-vessel values, markets
of different levels [i.e., ex-vessel, wholesale, internatfonal, and retail] need to be modelled

simul taneously. This is, of course, & challenging task for fishery peonomists to accomplish.

In view of the successful performance of the first model, a more complex model is formulated witn two
distinct characteristics. First, Canada and the U.S. are aqgregated into one region called North America
and the major imperting countries of Pacific salmon from North America are grouped and called the rest of
the world. Second, the model consists of two submodels, one for canned salmon ard the other for
nancanned {round and dressed) salmon. Each submodel is recursive and supply is determined first by
applying the Nerlave expectation models. These two supply functions are estimated by the sepmingl y
unrelated regression technique. After supplies being determined, damestic demand and export demand for
both products are estimated as a system by three-stage least squares. The estimation of the two supply
functions provides satisfactory results. The previous prices and the present tandings are found to be
the important factors in the production of the two products. The estimation of the demand for both
products as a system, however, does not provide a good statistical fit, Two possible explanations are
suggested here. First, a better model has yet to be specified. Secondly and most importantiy, the data
pase for salmon markets is 2 rather weak. rur caoipié, the U.8. mradyction and jmventory data on
noncanned salmgn are not available. The Camadian inventory data On canned salmon are confidential and
hence not available. One remedy to this data problem is to use the marketing year (June to June) data.
An overview of the data base reveals that the Camadian data are superior ta the U.S. data. Thus, it
seens promising that the second model should be refined and applied to the Canadian market.




Footnq&g&

1. The figure is drawn for the purpose of il1lustration.

It does not necessarily reflect the emsirical
results of the study.

2. This implies that saiman

lancngs are perfectly price-inetastic, an assurption usually made in the
demand analysis of fish produ. ts.
3. Previous studies found that poultry is a complementary good with salman.
3.

Because the functional form is multiplicat
of domestic demand car be de

anti-logarithmic tranmsformat

ive (log-linear}, the income and the own-price elasticity
rived from the estimated export supply equation. !or example, taking the
ion of the fifth equatign in Tabhle l, it can be obtained that

cx0 = >-% ppc 77 ((1-28 1 yp upcy2. 43 (ye1.3

A (cwpsupcy-?3 ¢y-1-3
where & = -89 ppe0.77 1. 24

Let CDQ and S denote the quantit

y of domestic disappearance and quantity supplied, respectively.
Then CDQ = 5 - CXQ. The ing

ome and the own-price elasticity of domestic demand can be derived as

(5C00/3CY) (CY/CBQY = 1.30 A (cweswpc)2+%3 ¢v2-3 (cyseng)

= 1.30 [a(cwe/upe)2- 22 ¢y 1-39/e00

1.30 CxQ/Cog

Similarly, the own-price elasticity of domestic demand can be derived as

[aCBO/ 3 (CWp/WPC) ] E{cwerwpc/CoQ] = 2.43 Cxg/cog

Therefore, given the estimate of the export supply equation and the ratio of the exports to the
domestic disappearance. we can

calculate the income and the own-price elasticities of domestic
demand. For the period 1952 tg

1980, the average of the ratio of the exports to the domestic
disappearance is found to be clase tg 1.4,

5. The definitions of FWP. FQ, NL, FXQ, FSP, CSP, and AL are discussed in Table 2 on page 4,

6. For a detailed discussion, see Johaston (pp. 300-20, 1972} and Labys {pp. 39-42, 1973).

7. There are alternative ways pf calculating the exchange rate variable.
dominant importing country in the market, the dominant country's curren

rate variable. In the case of salmon markets, there are more than one important importing countries.
Besides the specification adopted hers, the principal component procedure can be uysed to come up with
composite exchange variable. It is mot clear which specification is better,

8. PPU and MPY are rea) prices of poultr
previously. A1Y etasticities are cal

When there is only one

¥ and beef, respectively.

Other variables are as defined
culated at the mean values

of the appropriate variables.
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Export Marketing Strategies for Fish and Fisheries Products:
Lessons From International Tuna Joint Ventures in the Southwest Pacific

Karl C. Samples
Department of Agricultural and Resource Ecanomics

University of Hawai
USA

Introduction

Proliferation of exclusive fishing zones around the world has altered the flow and direction of
internatigral trade in seafood products. Trade flows have diminished in a number of instances.
Reductions in United States {U.5.) demand for frozen groundfish mports is an example where increased
resource endowment, combined with changes in relative prices, have reduced import incentives {Copes,
1980). Instances can also be found where fFish, once transported to distant markets in the holds of
foreign factory ships, are now consumed in the coastal country of origin.

For many coastal nations, however, ocean enclosure has triggerad greater interest and activity in export
marketing. An export orientation is sometimes induced by an excess supply situation in Tocal markets for
a fish product that is consumed in copious quantities abroad. Sych is the case, for example, with squid
in the U.S. and tuna f§n the southwest Pacific. Alternatively, requisite processing facilities may not be
cityated lacally. Unprocessed fish or shellfish, such as trawl-caught pollack in the u.s., must be
exported to foreign processors if they are to be soid at all. Existence of international price
differentiais, especially for Tuxury or specialty products, further encourages exportation, Added to
economic comparative advantage incentives are the political geals of increased net foreign exchange

earnings, export tax revenue creation and expoert-led economic growth {Johnson, 1973; Keesing, 1967).

Ac a result of strong export incentives, international seafood trade has on balance registered a net
increase since the widespread appearance of fishery conservation zones during the mid to late 1970s.
According to United Nations ctatistics, world exports of fish and fisheries products grew in terms of
volume at an average annual rate of & percent over the years 1977 to 1981 (see Table 1}. The nominal
value of exports grew at 12 percent annually over the same period. More recently, however, this strong
upward trend has reversed somewhat {Infofish, 1984).

Despite general trade expansion, efforts to sel) seafoad products abroad have repeatedly been hampered by
export marketing inexperience, under-financing, processing constraints, and product distribution
bottlenecks. Delivering a suitable product to foreign customers at the right time, in the correct order
quantity, and at a competitive price can be a formidable task, especially for the uninitiated. At a
minimum, a well-conceived export marketing plan is called for.

This paper addresses strategies for selling seafood products in foreign markets, The primary objective
is to describe the role that international joint venture arrangements can play in facilitating this
process. No attempt is made Lo differentiate the marketing role of joint ventares in jndustrialized,
semi-industrial and non-industrial coastal nations. Space does not permit glving adequate attention to
this subject even though joint venture marketing oppertunities and activities are obvicusly influenced by
the condition of a country's infrastructure and marketing resources. Furthermore, no clear distinction
{- made botween selling editle znd nen-edible fisheries products.

The paper begins with an overview of some basic export marketing considerations. The dual purpose of
this section is te point out how joint venture arrangements fit into an overall export marketing
strategy, and to introduce some marketing terminology used throughout Lhe paper. peaders already
familiar with marketing management concepts may wish 1o direct their attention to the second section.
Here the focus turns specifically on international joint venture arramgements. Three international joint
ventures located in the southwest Pacific are analyzed in terms of their grganization and scope of export
marketing activities, Based on these case studies, lessons are drawn about the export marketing
strengths and shortcomings of joint venture arrangements.
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©° fishing Joint vesturss to over 500 occurre

With target markets identified, decisions abeut product farm and volume, pricing, distributior and
promotion can provisionally be made. These constitute the mix of controllable marketing variables.
Product form and volume determine processing and handling requirements. Price is usually subject to
manipulation. Pricing affects total sales, profits and level of competition from new market entrants.
Bistribution and promotion decisions influence the type uf customers served, total sales volume and

marketing costs, Choice of a distribution system also has relevance for marketing management control and
busfness risk {Rosenblgom, 1978).

Decisions on marketing mix have direct ‘mplications for what marketing services an exporter will be
required to perform. For example, a decision to sell smoked cod direct te retailers in northern Earope
means export marketing channel members must fulfili significent processing, storage, transuortat!cq éﬂq
selling functions. Consigning raw cod to a foreign processor entails far less marketirg responsibilities.
Regardless of which specific services are verformed, they must be provided at minimum possible cost if
esport markets are contestable., Firms with large volumes and wide export product lines ndwe ccmpgt!t1ve
cost advantages in this regard. For example, it 15 known thnat fixed costs assoctated witr maintaining
foreign sales outposts, conducting market research, and providing product transportatior and storage
services can be averaged over increased sales volume. In addition to economies of scale, fixed cgsts of
export marketing can also be averaged over multiple product lines., Efficiencies realized by mu'tiple

preduct firms, or “"economies of scope", have been modeled elsewhere by Panzar and Willig (1981) and 2150
described by Bailey and friedlaender (1982},

Goal definition and target market analysis leaves open the guestian of who will carry out the marketing
plan, What is needed are participants with the technical know-how, marketing information spurces,
financial wherewithall, and business ambition to overcome export obstacles. Broadly spzaking, three
alternatives present themselves. TFirst, Jocally owned and operated firms can assume full expors
responsibilities or work in cooperation withk foreign middiemen., Alternatively, forefgners can wholly

accomplish all exporting tasks. Thirdly, fcreign and domestic firms can harmoniously Tink together in
Joint ventures to achieve commonly held marketing objectives.

Quite Tikely if public decision makers are concernad about seafood export expansion, domestic firms are
either unwilling to engage in the activity, or are incapable. Perhaps increased interest could be
sparked through a export training program, or a export market information dissemination program. Export
subsidies in the forms of export tariff reductigns, expert lean programs, income tax concessions,

infrastructure development projects and granting sole distributorship rights are routinely used to
entourage additional exports by domestic firms.

Foreign firms may be in a better competitive position to supply needed export marketing resources.
Foreign involvement can take the form of "fee fishing" arrangements, This effectively places atl
marketing responsibilities (and therefore marketing profits) in the hands of distant-water fishirg
erganizations. Fee fishing arrangements are convenient in terms of low initial contracting costs and
rapid start-up. They are relatively risk free from the point of view of island communities because
limited demands are placed on locally supplied investment resources. Their effectiveness in
accomplishing a host nation’s long-term fisheries development objectives has been called into question
(Kent, 1980; Apristo, 1981; Martin et al., 1981}. Other forms of direct foreign investment in seafood
exporting activities have been documented for the U.S5. {Sullivan and Huggellund, 1979) and southwest
Pacific ?Kent. 1980; Ridings, 1983). Hased on these studies, the contribution of foreign-owned
subsidiaries towards achieving a host nation's exports objectives appear to be mixed. Positive
contributions include the opening of new markets by overcoming tariff and non-tariff barriers;
introduction of improved prucessing, handling and transportaztion technology; and the injecticn of
additiona! financial resources. On the negative side are factors such as retarded develgpment of
domestic marketing capabilities, increased demands on locally generated investment capital, transfer
pricing and tax avoidance, and monopsanistic raw material procurement behavior. Gains and Iosses zsuch as
these seem to be characteristic of direct foreign investment impacts in general (see for example Chudson
(L975) and Parry (1980)}. 1In balance the socfal and economic impacts of direct foreign investment in
fish export marketing activities are not well understood and deserves further study,

A third export avenue is to collaborate with foreign partners in joint export marketing ventures. The
joint venture concept is a vague and broad one. There i5 no agreement on a general definition.
Nevertheless, a consensus exists that a joint venture comstitutes a formalized collaborative effort by
any nimber of contributing members in a mutually bemeficial, risk-sharing business partnership (Martin
st at., 1981; Kacrynski and LeVieil, 1980; Hamlisch, 1974; Friedman and Kalmanoff, 1981). Such ’
associations arise because partners to the venturs, acting independently. cannot efficiently izhieva
their business objectives. By approaching a project jointly, a synergistic combination of inputs takes
- place, The resylt is the production of commonly desired outputs at reduced total cost.

Rapid expansion of jolint venture activity has been observed by Kaczynski (1981), Kaczynski and leViei]
{1980} ‘and Crutchfield =t a1, (1975}, aunng others. . Reportediy, at least a doubling of the number of

eatures. b 0 occurred worldwide between 1970 and 1980 {Kaczynski, 1981}, Today
o Joint ventures are globally distributed, They ate tnvaived with harvesting, processing, storage *
" transshipmest and distributfon of numeross fish sp % T P .




Table 1. Growth in World Fxports of Fish and Fisheries Products

e —— ———— o —————

Quantity(a) valye(b)
5 Year 5 Year
Commodity Group 1977 1981 Average 1977 1981 Average
Growth Growth
fish: Fresh, Cnilled 3,460 4.535 +67% 3,593 5,804 +17%
ar Frozen
Fish: Dried, Salted 441 537 +l5 739 1,399 +18%
ar Smoked
Fish Products and 811 989 +4% 1,389 2,223 +172%
Preparations
Crustaceans and 834 1,082 +6% 2,370 4,120 +15%
Mollusks: Fresh,
Frozen, Dried and
Salted
Crustacean and 94 136 +9% 361 621 +]147%
Moliusk Products
and Preparations
pils and Fats 578 122 +5% 250 2B9 + 3%
Meals, Solubles and 7,043 1,%4% -1% 874 926 + 1%
Other Animal Feeds
Total 8,261 9,946 +4% 9,576 15,382 +12%

e — ————

Source: United Nations Food and Rgriculture Organization (FAo), 1979 vearbook of Fisheries Statistics.,
vol. (49); FAD 1983 Yearbook of Fisheries statistics, ¥ol. 53).

Notes:

(a} Quantity = thousands of metric tons
{b) value = thousands of $Us.

Strategic Considerations in Export Marketing

Objectives Serve as important penchmarks to measure the performance of a particular export endeavor.
Goals usually differ between public and private planning agents. Government may seek to increase
fishermen's wages or employment opportunities, earn foreign exchange, develop fnfrastructure, and s0
forth. A private firm generally has Jess altruistic goals. It may seek to diversify risk, stimulate
profits, increase marketing share, or add to total sales volume. Although strategic planning to achieve
public goals is emphasized in this paper, recognition has to be given o the fact that if exporting is to
be undertaken by the private sector, private business gbjectives must be gatisfied as well.

Export marketing decision making begins with the identification of concrete export marketing objectives.

Aside from goal formulation, the export marketing environment needs appraisal (Kotler, 1584).
Understanding the economic, pelitical-legal and cultural environment of the exporting and potential
importing countries is nelpful in selecting trading partners and marketing mix variables. Important
consideratipns include: fish raw material supply availability; current and forecasted demand for
expartable products in potential markets; degree of competition from other exporting nations: existence
of tariff and non-tariff barriers; political stability in target markets; and domestic and foreign
monetary regulations.

Given a set of goals and marketing enviromment constraints, a ranking of potential export markets can
gccur. Although sales could conceivably be made worldwide, selecting one or a few export markets to
target attention on may be advanlageous far risk management and market coverage purposes [Ayal and Iif,
1979), Target markets usually are defined in terms of geagraphic and demographic dimeesions. For
example, a target parket for canned tuna is niddle-income urbanites {n Canada and the United Xingdom.
cultural or pelitical ties sometimes identify target markets. On cther occasions, target markets are
those where the bulk of consumption occurs (U.S. and Japan for tuna, for example).
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Acquiring access to marketing skills of experierced transnmational covporaztions i an incemntive ¥actor for
host nations contemplating joint venture involvement. As Walmsley {1982) puts it, a joint venture is "a
deliberate alliance of resources of two independent vrganizations in order ta mutually ivprove the1r
market growth potential (p. 4]." This view of joint ventures as exporting marketing institutions is
commonty shared. For example, in arguing for increased Canadian involvement in joint ventures, Temlinson

and Brown (1579) state that joint ventures "proyide virtually guaranteed access ic

te markets -- and wi*-rh.
costs which permit competitive price levels (p. 238)." Similarly, menticn i5 made of the fact that joint

ventures in the U.5. have created opportunities to narvest pollack, squid and arher underuti]izgd species
where domestic markets are weak and/or demestic processing costs are excessively high (Kaceynski, 1979).
Kaczynski (1584) argues further that the primary advantage of contractuzl “over-the-side" juint ventures
in the U.S. is the export marketing services obtained from foreign partners, The existence of export
market potential is an incentive to both parties, Crutchfield et al. (1975) uoint ou* trat establishment

of joint ventures is facilitated when a common shared goal of all participants is to exploit promising
export markets.

Tuna Joint Vertures in the Southwest Pacific

Ridings (1983} jdentified seventeen tuna joint ventures active in the southwest Pacific. Out of this
group, only eight are "international" joint ventures in the sense that participanty are ¢f different
nationalities. The other nine are locally registered companies, wholly owned by foreign interests,
[ncluded in this Jatter group, for exampie, are the two canneries in American Samoa which are owned
entirely by Van Camp and Starkist. Of the eight international joint ventures, all invalved equity
participation by Japanese firms., Local governments were active participants in half of the ventures.
Case studies presented below concern joint venture gperations in Fiji, the Solomen Islands and Vanuatu.
Informatian on the operating characteristics of the ventures came from different sources, depending on
the host country. Much of the detailed infarmation about the Fiji joint venture vame from parsonzl
interviews with venture participants and from public records. News articles and other secondary data
spurces provided information about the ventures in the Solomcn Islands and Yanuatu.

Case I: The Pacific fishing Company, Ltd., Fiji. Fiji's experience with joint ventures began in 1963

with the Ticensing of 4 fish freezing and transShipment company. The firm, Pacific Fishing Company, Ltd.
{PAFCD), was organized as a joint venture between several Japanese firms and a small group of Fiji

private investors. Equity ownership was largely subscribed to by three Japanese trarsnational firms.

The major shareholder, C. Itoh and Co., Ltd. {Itohchu Shaji), owned 33.2 percent af the newly formed
PAFCO. HNichiro Fishing Co., Ltd, {Nichirc Gyogyo) and Banno of Osaka both subscribed to 25 percent
equity ownership. The remaining 16.7 percent equity ownership was subscribed to locally.

PAFCO operations commenced in 1964, serving as & freezing and cold storage facility for chartered
Japanese, Korean and Taiwanese longlining tuna vessels, The major tuna species unlcaded at PAFCD were
albacore, yellowfin and bigeye, Under contract, the catch was sold to PAFCQ, frozen or chilled, and then
consigned to €. Itoh. Final destinations were markets in the U.S. and Japan. The impact of PAFCO
operations on Fiji's export trade in fish products was phenomenal, In 1963, Fijf exported $US 20,000 in

fish products. MWithin one year, this yolume had increased to $US 214,000 (Table ?). Between 1964 and
1972, PAFCO exports qrew to over $US B million.

In November of 1974, the government of Fiji and C. Iteh and Co., Ltd. (hereinafter referred to as C.

Itoh) signed a ten year agreement that restructured ownership of PAFCO. The Government became part-owner
in recognition of its granting PAFCO sole rights to process and export tuna caught in Fiji waters. The
agreement stipulated that PAFCO would build a 60 MT/day tuna cannery and & fish meal plant acecording to a
phased construction schedule. Since 1974, PAFCO has largely confined its activities to satisfying the
following objectives: 1) to process and can tuna fish for local and overseas markets; 2} to purchase and
sell raw fish, and 3} to sell suppiies and equipment ta fishing boats.

By far, the bulk of cannmery output (90 percent) is sald as solid pack light meat to export markets in
Commonwealth Nattoms including United Kingdom, Australia, New Zealand, and Canada. Special trade
concessions granted to Fiji in the form of import tariff reductions have favored exportation to these
markets as opposed to U.S. markets. PAFCD also sold approximately 6,000 cases of flake tuna in local
markets under its Suntell label fn 1982. A smal) fractlion of tota) landings are sold in frozen form
{albacore, bi11fish, and mahimahi} to markets fn Tokyo where it is eventually canned for export and for
consumption by Japanese housaholds {Kitson and Hostis, 1983}. In addition, PAFCO sells dried fins from
charks landed incidentally by chartered vessels.

Gross turnover oy PARLD rose dramatically since large scale cannery operations commenced in 1976. Even
with recent depressed tuna market conditions, sales were 730 percent higher 1n 1982 than during the pre-
cannery days of 1974, Steady sales hikes are Yargely the result of successful market penetration and
product positioning efforts by L. Itoh staff working for PAFCO. In 1980, PAFCO controlled an estimated 9
percent (2,566 MT) of the United Xingdom canned tuna iwport market.. In 1881, 1t supplied 16 percent
{1,599 MT) of Canadian canned tuna imports (Kitson and Hostis, 1983). . _

C. Itoh has assumed almost fully the management, expart, domestic merketing and transshipment
responsibilities of the PAFCO operation. This is a result of 1ts expertise, provisions of the PAFCO
agreement and its majority stockhoider _psitinn. In terms of mansgeeent, four out of six sembers of the
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Table 2. Fiji's Exports of Fish and Fishery Products, 1958-81.

o —— . ——

J— JP— —_—

Canned or

Year Fresh and FrozZen smoked, Dried or Salted Ntherwise Preserved

(MT} {$uS) (MT) {sUS) (M1} {5us)
1958 -{a) 3,000 - - - -
1959 - i . . R .
136D - ; . ) - 9,090
1961 - 11,000 - - - .
1962 - 13,200 - - a 12,700
1963 - 13,000 - - - 5,000
1964 - 207,000 - - - 7,00C
1965 3,700 1,031,000 - - - 5,000
1966 6,200 1,955,000 - - - 5,000
1967 6,000 2,603,000 - - - -
1958 5,500 2,140,000 - - - -
1969 8,500 3,948,000 - 2,000 100 55,000
1970 7,900 4,791,000 - 20,000 400 124,000
1911 8,600 5,791,000 - - 160 164,000
1972 10,800 8,280,000 - - - 12,300
1973 6,800 6,042,000 - 3,000 300 285 ,00C
1974 3,600 3,172,000 100 184,000 800 600,000
1975 2,362 1,622,000 3 6,000 395 407,000
1976 2,362 1,479,000 17 53,000 45¢ 1,117,000
1977 3,108 4,203,000 243 991,000 2,380 4,624,100
1978 4,297 &,285,000 76 432,000 4,075 10,524,000
1979 1,349 1,583,000 47 337,000 5,73 14,124,200
1980 3,583 7,282,000 57 441,000 3,561 10,741,000
1981(b} 3,583 7,282,000 57 441 000 5,440 16,328,000

source: United Nations, Food and Agriculture Organization (FRO}, 1963 Yearbook of Fisheries Statisties,
Yol. 17: FAD 1964 Yearbook of Fisheries Statistics, Vol. 19; cA0 1565 Yearpook of Fisheries statistics,
vol. 21; FAD TUET Vearbook of Fisheries Sfatisiics, Vol. 29; FAD T977 Yearbook of Fisheries Statistics,
Vol. 35; FAO 974 Yearbook of Ficheries statistics, val, 39; FAD 1877 Yearbook of Fisharies Statistics,

yol. 44; FAO TO7E Yearbook of FYsheries Statistics, Vol. 47; FAC Yearbook ©Ff Fisheries Statistics,
¥oi. 53.
lotes:

{a) "-" equals zero, nill or fone reported.
(b) Preliminary

PAFCO Board of Directers are C. Ttoh employees. Sates management is entrusted to the Mamaging Director,
who resides in Japan and operates out af C. Itoh headquarters in Tokyo. Day to day management of PAFCO
pperations is the responsibility of a handful of C. Itoh amployees who are positicned in top and middle-
level management niches. Aside from providing key prganizational and personnel management skills
relating to raw material procurement and canning production, £. Itoh is largely responsible for marketing
management. This includes making all decisions on praduct mix, production timing, markets to be
penetrated and product distribution, gathering.

Performance of these services s facilitated by C. Ttoh's massive sjze and its ability to achieve
economies of scale and scope in product distributfon. In 1983, C. Itoh's reported sales were $us 56.7
billion for a product line that extended from raw fish to microcomputers. The company reportedly
maintains 85 branch offices gutside of Japan {The Oriental Economist, 1084) . This network serves as 2
market intelligence gathering and communication system. Market data is relayed to corparateé
headgquarters, where it is in turn interpreted and disseminated back to trade outposts. Furthermore, the
company has access to huge financial reserves, hoth internal and external, that are used to lubricate

PAECO trade flows by credit extension to buyers .

There are several ways that C. Ttoh distributes PAFCO products. for private tabeigd tanned tuna, it
usually acts as a consignee, arranging transportation, insurance and storage. For this service, it
receives a 2.5 to 3 percent commission. 0ften products consigned to ¢. Itoh are sold to C. Itoh
subsidiarfes such as C. Itoh of America, Inc. or C. Itah of yancouver, Ltd. Occasionally, t. Itoh will
purchase camned tuna putright. This occurs when PAFCO cannot supply enough volume on its own to meet an
order. €. Itoh wili then purchase from several producers, including PAFCO, and assemble a large enough
Tot to fill the order quantity. Frozen albacore, higeye, black marlin, white marlin, swordfish and
Pacific marlin ara often bought directly by €. Itoh and transported to Japan. [In Japam, these items are

103



either canned in C. Itoh*s own cannery, or distributed to cther processors. A similar trade gccurs in
dried sharks fin and skipjack Tains.

Case TI: Solomon-Taiyo, Ltd., Solomon IsYands. The Solomon-Taiyo, Ltd. (STLY joint venture was 1icgnsed
to operate in 1972, fallowing fifteen months of tuna Stack assessment by Taiyo Fishing fo., Ltd. {Taiye
Gyagyo). STL was structured as a joint venture between the government of what was then the 5r1t1sh
Protectorate of the Solumen Islands, and Taiyo Fishing Co., Ltd. (kereinafter referred to as Taiyo). The
company was formed witn SA 1,000,009 in authorized share capital, of which Taiyo eventually subscribed to
75 percent. The Goverrment was allocated 75 percent in consideration of its granting STL exclusive
vights to fish in Solomon Island territorial seas, and to export tuna and tuna products. The duratien of
the joint venture agreement was set at 10 years, subject to renewal. In 1981, the contract wes revised
to give the Government 50 percent equity, and was extended another 10 years {Meltzoff and LiPuna, 1983).

Under guidelines of the 1972 agreement, STL built a 600 MT cold storage facility, ice plant, bring
freezer, 600 cases/day cannery and an arabyshi pltant at Tulugi. Taiyo provided long term lgans to
finance these shore based facilities that were completed in 1973. Skipjack tuna, hdarvested by chartered
vessels, was the target species for processing and export. [n 1976, a secand freezing plant and cold
storage plant began operations at Noro, Together with the Tulugf station, nearly 18,000 MT of skipjack

were processed annually by 1978, This represented a dramatic increase from tne zero catch levels whick
existed six years previously,

Under terms of the 1972 and ]98] agreements, Taiyo i5 granted exclusive rights to export tuna ard tuna-
Tike species, in all forms, from the Solomon Islands. The bulk of the fresh and frozen tuna exports
shown in Table 3 s shipped fo the Yan Camp cannery in American Samoa. Canned 1ight meat tuna s shipped
Lo Great Britain, where STL tuna commanded 7.5 percent of the total canned tuna market in 1980 {Kitson
and Hostis, 1984). The bulk is sold under private Tabels. Small amounts are alsc shipped to Jepan where
they are presumably reexported to the U.S. and markets in Europe. Dark meat tuna which is not exported

Ts marketed locally using a separate marketing label. Arabushi, or smoked skipjack tuna Toin is marketed
exclusively in Japan.

Tabte 3. Solomon Islands' Exports of Fish and Fishery Products, 1971-81.

Canned or

Year Fresh, Frozen Smoked, Dried, Salted Otherwise Preserved
{M1} ($us) (MT) ($us) (M7} {$us}
1971 4,165 1,238,000 -(a) - - -
1972 12,138 3,584,000 - - - -
1973 5,061 1,639,000 - - - -
1974 8,297 2,834,000 69 116,000 829 767,000
1975 3,647 1,271,000 162 312,000 891 1,188,000
15976 12,098 5,965,000 140 225,000 671 1,195,000
1977 9,773 6,375,000 106 388,000 670 1,520,000
1978 14,518 10,262,142 223 736,000 666 1,581,000
1979 21,918 15,255,601 142 438,000 761 1,906,000
19680 19,000 13,224,000 918 4,526,181 2,162 8,734,804
1981 23,246 16,179,216 848 4,179,427 2,060 7,048,290

Source: United Nations Food and Agriculture Organization (FAO), 1974 Yearbook of Fish
Vo). 39; FAD 1977 Yearbuck of Fisharies Statistics, Vol. 44; FAO TO7E Yearbook of T3
Yol. 47, FAD earbook of Fisheries Statistics, vol. 53.

eries Statistics,
sheries Statistics,

Notes;

{a)} "-" equals zere, ni1l or none reparted.

The witlingness and ability of Taiyo to sell STL tuna rests in the multinational's immense size and
intimate awareness of international Fflsheey smadp, Talye 15 fully diversified in all aspects of
commercial tishing, from product harvesting to processing, transportation storage and wholesating., It
fandles a wide riﬂz:i:f fresh {crab, salmon, tuna, trout, ete.) and processed {dried, canned, smoked )
fish products for n consumption and industrial uses. In the STL venture, Taiyo is largely
responsthle for the sizable growth fn exports discussed previousiy. As in the case of PAFCD, a1l Yine
EIE_E_Rt’VtS in. m company are. Tl‘l.,p w]oﬂ!s._' hfore th revised lﬁl.agmmnt. Tatyo also centrol led
the boorg of Jirectors through (ts majority votfng stréngth. ‘This Ms stace changed. Currently there
are six board members of which the Govermment appoints thesw, (ncleding ‘the chafragn. In day to day
apevations, however, Taiyo employees ke binding decicions &g product gl Ity, product mix
product shipping; and production tiwing Dleltintf and Lifumi CoRtY; ?”“*f .

o Talyo fs the sole




exporting agent for STL products. For this basic marketing service, Taiyo receives a sales commission of

5 percent on canned tuna and 3 percent on frozen product.

Case 111+ South Pacific Fishing Co., yanuatu. The South pacific Fishing Co. {SPFC) wasl11cen5ed to

operate as a fisning, reezing an Transshipment base for a f1pet of about 20 tuna longliners b?ck in

1954, Construction of a 1,300 MT freezing plant and 20 MT/day fce piant began two years !atez‘and actual

operations comrenced in 1957. The obiectives of SPFL were: 1) to buy end sell frozen tuna; Z) Lo supply

chartered Fishing boats with fuel, oil, food, and fishing gear, 2nd 3) to inspect and repalr f1?h1ng

?uats. 5 detaited discussion uf SPFC early operations is Found in Leaney and Led £19573 and W@i:sen
1966).

The company wis struciured as @ joint venture between four coTpanies. Included were twn JéDﬂH?SQ
companies, Mitsui and Co., Ltd. 'Mitsui Bussan Kajsha) and Taiheyo Suisan Daisha, a U.5. firm \washlngton
Fish and Oyster Company], &nd a local firm. Mitsui and Co., Ltd. {nereinafter referred 0 ﬂS‘H‘fSE=)
was, and continues to be, the majority ctockholder. Sometime around 1981, the governmett of Vanuatu was
granted 1C percent ownpership of the company in return for Jnspeci fied expart tariff reductions.

Fishing and freezing activities expanded briskly. Within one year, Vanuatu (formally New Hebrides) had &
million doilar export trade in fishery products. By 1968, exports of froZen yellowfin and albacore tuna
had doubled (Table 4}. Tuna exports reached a high during the tuna lgngl ine heydays af the garTy _19705.
nuring this time, the New Hebrides government was earning an estimated $U5 400,000 ﬂUnU311E in tuna
export tariffs, a significant public revenue amount. A drop in exports oeeurred during 1981 because 0°
an extended boycott. The butk of tuna exports have mistorically been sold to buyers 1n the U.S. Wilsen
[1966) reported that Washington Figh and Oyster Company {the U.5. partner was & reqular buyer of frozen
tuna. [t is uncertain which LS. canneries are currently purchasing Vanuatu tune. A likely destination
is Mitsui's Neptune cannery in Puerto Rico. Second gquality tuna, algng with dried sharksfin, 15 marketed
by Mitsui in Japan.

Table 4. Vanuatu's Exports of Fish and Fishery Products, 1958-81.

Canned or
Year Fresh and Frozen Smoked, Dried or Salted Otherwise Preserved
(MT) (sus)ia} (MT} {$Us) [¥T) {sus)
1958 3,509 1,225,266 -(b) - - -
1959 3,710 1,153,417 - - - -
1960 4,133 1,180,366 - - - -
1961 3,673 1,195,756 - - - -
1962 4,289 1,501,110 - - - -
19363 2,975 487,910 - - - -
1964 2,873 984,061 - - - -
1965 3,366 1,259,906 - - - -
1966 6,564 3,068,936 - - = -
1967 5,977 2,616,037 - - - -
1968 6,627 3,075,351 - - - -
1969 7,988 3,981,149 - - - -
1970 9,216 5,086,478 - - - -
1971 13,346 8,354,896 - - - -
1972 15,598 11,527,75% - - - -
1973 15,131 11,403,304 . - - -
1974 9,824 8,175,276 - - - -
1975 5,218 3,310,144 - - - -
1976 6,091 6,663,132 - - - -
1977 9,997 13,260,000 - - - -
1978 9,182 13,161,592 - - - -
1979 7,724 12,020,742 - - - =
1980 8,300 15,255,715 - - - -
1981 4,840 9,659,597 - - - -

Source: Government of vanuatu, Office of national Flanning amd Statistiecs. Yanuatu Statistical
gulietin, 1982,

Notes:

(a) Exchange rates used to calculate values in $US are as follows: 1958-1976 {41.283 = 100 vatu); 1377

7 ($1.250 = 100 vatu); 1978 ($1.354 = 100 vatu); 1979 ($1.446 = 100 vatu); 1980 ($1.157 = 100 vatu);
1981 ($1,062 = 100 vatu.

{b} "-* equals zero, mill or none reported.
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itsui C. Itoh play similar export Marketing management roles, Mitsut is a larger tradin :
:;::ué.a?goh. In 1383{ Mitsui repsrted annudl sales of §US 64,3 biTT1qT a@d ha?—159 brangg off1ces
outside of Japan (The Orientg) Economist, 1584}, An estimated forty M1Lsuj emp ¥yees r9$1 € in Vanyaty,
In the marketing area, their responsibility is to schedule tuna purchases and SE E::Cmgnitor Prices, ang
provide technical guidance gn freezing technology and product quality. Althoug 5 F =1; g§?red to
produce a frozen tung Product, Mitsyf has in the past experimented with f1sh‘sm0 ing _nt dr;1ng_ In the
early 1960s, ¢ small tyna smoking plant was built and 67 MT of smoked DTUdUCu was :xpir € dtp Japan
(Witson, 1966). This Ooeration probably would have continued but the fectory was des royed dy fige,

9 company

Lessons lLearned About Joint Venture Export Marketing

One yardstick for evalustin 4 joint venture's export marketing performance is how well thg venture
cuitiibutes to achieving figherges development objectives. While professed developmenF O?Je§tlves differ
between localities, it generally appears that southwest Pacific Island nations seck tg: 1) Increase
expart earnings from tunz sales; 2} increase the value-added to Tocalty caught tuna, and 3} assimilate
technical and business skitls from foreign partners. Based on these evaluation criteria, the performance

of individual joint ventures is mixed, depending an formal structures and participants, Neverthetess,
some general Tessons can be learned.

Lesson #1: foreign partmers can contribute key expart marketin management inputs. Firms such as Tatyo,
€. Ttoh and Mitsy) bFTﬁE—ﬁEE}7}E5FE"6?7SGﬁﬁﬁ‘%E??EETEE_EEEE?TE%EE“fﬁ_HBst_cguntries: They also come
equipped with financing Sources, established distribution Systems, and polltmca] aTlies. Since all have
previous experiences with figp processing and distribution, thay have the canab111yres to undertake
ectivities ranging from collection and freezing of fish (in the round) for transshipment to U.§. or
Japanese buyers, to the uperation of smoking (arabushi ang katsuobushi) plants qnq puna canneries, In
the cases of freezing and transshipment ventures, Japanese firms assume responsisitity fur: 1) purchases

and maintenance of freezing equipment; 7) determining fish purchase and delivery schedules; and 3)
contracting for export sales.

Lesson #2: joint ventures can export large quantities of fish and fisheries products. There is probahly
TitiTe disagreement that Joint ventures have augmented Pacific TsTand gross export earnings, In al! the
cases discussed above, formaiized agreements with Japanese transnationals aver the past two to three
decades have created entire export industries from nothing. Two factors have generally contributed to
higher tuna export values: additional tuna thoughout and increased average value-added per ton af tuna
landed. wWhether canned or not, increased physical tuna throughput entails additional marketing
responsibility, Efther new export and domestic markets must be developed, or existing markets such as

U.S. canneries in Arerican Samoa must be further penetrated., Aside from simply selling more tuna and
tuna by-products, joint ventyres have ten

ded to raise the value per ton of tuna landed. Mare
sophisticated local processing is a key factor.

ton of tuna landed? For Fiji, C. Itoh is largely
respensible by reason of the fFact that it retain trel of marketing management
decision-making. A similar situation reportedly exists in the Selomon-Taiye joint venture (Meltzoff and
LtPuma, 1983, Historically, it has been C. Itoh's and Taiyo's responsibility to select what type and
how much canned ang frozen tuma tg Produce, and where to distribute the product. Through affiliates in
Japan, they have opened highly concentrated Japanese smoked and frozen tuna markets to Pacific istand
tmports. With their business connectigns in Europe, they have assisted Fiji and the Solomon Islands
obtain preferential trade access to EEC member countries under terms of the Lome Agreement. They have
also managed to produce canned products of cq

nsistent quality and +n sufficient quantity to satisfy
stringent import requirements of large wholesale food distributors.

Lhe ave increased export earnings, it is uncertain whether
thelr activities have increased net foreign excha . Canning, free2ing, and smoking operations
bor, maintenance services, and
fuel, paper, u#niforms ,

Lesson #3: profitability and mana ement training are potentia) weak points, Although information on
company profits s proprietary, avallable ey ence suggests tha avérage annual profits for the STL and
PAFCO ventyres are very modest, perhaps zerg. Meltzoff and | $o.m s

4 orm -
p i 1353 reporg that “The joint company
has not, however. nattad » 7T duriog 118 fipst decade, fngurri us . 3

79 2 serfous 5 in 1978 which
torced STL to recapitalize to the extent of §us 4 mitlion," (p, 55}? Despite 1m§::::?veﬂgains in sales
volume, PAFCO profits have also been Tow, Ip only two of the pine years that the Fiji government has
participated 1n PAFCO have dividends been declared, Profitabil ity of the SPFC {g tnknown. While tow
profits during start-up years are to bhe expected, ft {g su&ﬁnctgisthlt'stl may be paying excessively high
prices for spare parts, mechinery and expendable suppli based from Tatyy. Furthermore, there is
concern that Taiyo §s not striving to obtain top market pricey for s, »
(Meltzoff and LiPuma, 1983). To control fop this possthiy ey

T ting 1t receives .on consigmment
: an SIf11ty, the . ' v & Tishes
an in-house marketing divisfon to monitor Tat ] - e da ST, cgrgenent estab

raw tuna are imported, Imports include metal for cans, packing afls,
2d infinttum,
—




Interpretation of the actual profit piciure ic confused, however, by the fact that participants routinely
extract income from company activities in more direct ways. dJapancse partners typically receiwe
management fees, sales commissions, technical assistance fees, and loan interest payments. Governeoent
partners extract import and export duties. They also collect taxes on locally generated income. Singe
these charges are accounted for as costs of doing business, reported profits tend to be Tow even though
partners are earning positive financial returns.

Consistent lack of attention paid to training local marketing managers is alse a lesson %o be learned, at
Teast from the PAFCO and STL ventures. Training practices of the SPFC are uncertain. As noted in the
case study of Fiji, Japanese expatriates occupy all senior level management posts. A similar situation
prevails in the Solomon Islands where Japanese managers from Taiye occupy all upper and middle-manogemcrt
positions, Since marketing decisian making in these ventures is conducted entirely by employces of
Japanese parent firms, there is little expectation that, in the short term, island nations can assume
significant marketing responsibilities.

Lesson #4: control of joint venture marketing activity is a complex matter. As more marketing tasks are
undertaken by foreign firms, a host nation’s ability to control the marketing process and monitor sales
performance diminishes. At least this has been the experience in Fiji and the Solomon Islands. Two
reasons for this can be given. First, because the supply of firms capable of processing and selling
large gquantities of tuna is Yimited, suitable partners are in a pasition of strength to negotiate
agreements that provide near full marketing autonomy. Secondly, the cost of monitoring day-to-day
activities of joint venture partners can be high, and suitably trained local personnel may net be
available. Through a combination of these factors, the problem arises of finding a balance between
maintaining contrcl over market management on the one hand, and utilizing the services of independent
expatriate marketing experts to increase tuna harvesting rents, on the other.

Costs of achieving more marketing management control can be high. Marketing control can be "bought" in
several ways including: 1) purchase of controlling equity interest in the venture; 2} negotiating
contract terms which stipulate that local managers receive -full training in marketing management, and
employ these individuals as "watchdogs"; 3) conducting routine management audits to measure marketing
performance of transnational corporations {done with the aid of paid consultants); and 4) terminating the
joint venture agreement and contracting instead for specific marketing services to be performed on a
competitive bid basis.

Conclusions

Export marketing of tuna products in the southwest Pacific has been facilitated by joint venture
establishment. Based on experiences of Fiji, the Solomon Islands and Vanuatu, it appears that joint
ventures can be flexible in terms of the size and scope of marketing activities undertaken. Japanese
partners in these ventures have the requisite marketing skills to infiltrate new markets, and further
penetrate existing tuna markets. Although export sales have grown significantly, Japanese management has
not generally stimulated strong profit performance. Nor have the Japanese devoted serious attention to
developing the marketing skills of local managers. Whether this is a peculiarity of Japanese partners,
or all foreign joint venture partners, is not known.

Low profits and lack of attention to managerial training are iwo reasons why joint ventures are often
yiewed as stop-gap measures, to be abandoned when local skills are somehow sufficiently developed to
permit complete local management. Political incentives to adopt this outlook may be great, especially in
the Pacific where tuna is an economically and politically important commpdity. A short term view of
joint venture usefulness, however, ignores the fact that world markets for fish and fisheries products
are highly competitive and volatiie. Even the Japanese experts {Mitsui, Taiyo, C. Itoh) have Tost
millions of dollars playing the tuna marketing game (Kitson and Hostis, 1983). Whather it is in the best
interests of coastal nations to undertake this risk, and try to develop capabilities to market their own
fishery resourtes is not altogether certain. Perhaps, therefore, export marketing joint ventures should
be viewed as more permanent arrangements, to be carefully guided and controlled so as to achieve export
marketing objectives.
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Abstract
4 venewable resource industry

which is characterized by a competitive narvesting sector, 4 monopseristic of stigopsonistic proccssing
sector, and a transboundary resource stock. The model is comprised of three interrelated parts: the
fisherman's supply relations, the biological growth and recruitment relations, and the wholesate demand
rg]dt1onsA The empirical analysis pertains to the Morth Facific Halibut fishery which is primarily o
bilateral fishery (U.5. and Canada). The pverall thrust of the results s towart strict conservation of
the resource by the processars. This is achieved via the market price offered to fishermen.

This pager presents @ nonlinear pptimal control framework for modelirg

I, Introduction

fver the uast two decades increased attention has focused on analy2ing the impacts of restricting use of
and access to common property fishery resources. With the exception of £lark and Munro (1883) and
Scrwarm 11983} tne management models have focused ON requlating the harvesting sector directiy via
mgnqgement restrictions on the nunber of participants, catch levels, gear restrictions, Season
limitations fees, e=tc, Clearly, these regulatory techniques entail transaction costs and infringe on the

economic 'freedom' of the participants.

Furthermore, the extent to which the benefits from restricted resource Us€ at the harvesting leyel are
passed on to consumer depends an the market structure of the processors and cther intermedigries. Some
of the oroblems associated with management palicies aimed at the harvesting cector may be avoided and/for
the magnitudes of the costs reduced by developing regulatory cchemes that operate on the derived demand
of the harvesting secter. This paper focuses, in part, on analyzing management schemes directed at the
arocessors as a potential means of regulating the exploitation of this fishery.

A second focus of this paper is on the transboundary characteristic of the resource stock. National
management SChemes designed to foster sole ownership within each country will not succeed in achieving
cptimal utilization rates. Furthermore, the transboundary nature of the resource often hinders
development of effective institutional frameworks for management and conservation.

In apalyzing management schemes for transboundary renewable resources, consideratign is given to the
impacts of changes in harvest rates on future stocks {biological externalities} which in turn affect
future supplies, and the price/quantity impacts on the product markets of trade among the harvesting
equntries. The theoretical constructs applicable to developing optimal utilization rates for
transboundary resources are cimilar to those used in production economics and demand analysis. The
biological externalities and common property characteristics further constrain the model and are

reflected in the qualitative properties. For example, the marginal conditions for gptimality in

groduLtion require eyuatily BELCLT mawninal net revenues and marginal user COStS, taking into account
both the secial and private costs of production and resource wse, The maroinal conditions for use of
transboundary renewable resources are composed of both spatial {across individuals and COURLPIES) afu

time dimensions.
The overall objective of this paper i5 to provide a framework capabie of assessing the economic and
biclogical consequences associated with alternative policies for transhoundary renewable resources.

[P —— e

We wish to acknowledge funding support from the National Marine Fisheries Service and Sea Grant Dffice.

11




From this framework are cbtained both the quantitative amd the qualitative conditions characterizing an
optimal utflization path of the resource stock under the economic conditions stated ahove.

The specific objectives, as they reltate to the empirical portion of the analysis, are:

(1} to comstruct a biceconorric madel which reflects the biTateral (U.5. and anadian) interdeperdence
for utilizing the North Pacific halibut resources; and

{2} using the results of the bicecoromic modet, to determine and compare the quantities karvested and

sold in the 1.5, and Canada, and the relative market prices, under various policy alternatives and
institutional arrangements.

The paper proceeds as fallows: The specification of the biglogical and economic components of tne policy
model are discussed in Section I1 along with the qualitative properiies of the model. Estimates of the
parameters of the monopoly/monopsony model are given in Sectionm TIT. A discussion of the implicaticns of
the results for fishery management policies s provided in the final section.

I[. Theoretical Framework

The basis for developing the model described in this section is the premise that the benefits that snould
theoretically result fram an optimal harvesting scheme for renewable resources may not be farthcoming to
final consumers due to noncompetitive elements. The processor allocation mode) develeped in this paner
18 a deterministic optimal control model consisting of a set of difference equatiors represerting the
“systen™ (the halibut industry) that is being controlled, a set of constraints and termingl conditions

imposed on the variables of the system, and an objective function which guantitatively measures the
performance of the model.

For the North Pacific halibut industry, the preliminary investigations into market structures indicate
that imperfect campetition occurs on the selling side of the product market and on the buying side of the
factor market in both the U.5. and Canada. Therefore, the two submodels which comprise the processor
allocation model are cast in a monopoly/monapsony made .

The processer's problem is to maximize net returns from sales of the resource product over his entire
planning horizon, subject to a downward sloping market demand and a supply constraint on tne resource
inputs. Since the processor is a monopolist he can choose the quantity to place on the market in period
t {or alternatively, at what price to sell his output); and since he is also a monopsonist, he can decide
what exvessel price to offer fishermen and at what rate to deplete the resource stock. If the processor
knows the supply response functions of the fishermen, selecting an exvessel price is equivalent to
selecting the quantity of Fish he wants to purchase from the harvesters. On the product side, the

processor is determining the optimal pricing over time, or alternatively, the optimal allecation between
inventories and current sales.

The fishermen's control variables are the quantities of raw fish to sell to the processor in both
countries. The solution to the fishermen's problem will be in terms of harvest rates as a functiom of
the exvessel prices. The pracessors' control variables are the exvessel prices to offer fishermen and

the quantities to place on the wholesale market in the current period. Control over the guantity of fish
harvested can be exercised through the market mechanism.

Processor allocation model

The behavioral interactions for the manopsony/moncpoly processor model are schematically rePresented in
Figure 1. The exvessel supply responses {1A} and the wholesale demand relations {1B and 1} are needed
fnformatien for empirfically implementing this model,

The processor allocation mode! used in the empirical application is comprised of submodels for the two
countries. These submodels are interdependent with respect to supply responses of the fishermen in each
country and with respect to the trade flows and market demands for the final products. The objective
function raflects the joint maximization of net revenues to processors in both countries. The margina?
conditions reflect the mpact on the welfare to both countries of an exogenous change in either country's
control vartables. : .

‘The landings suppiied to the U.5. and Canadian processers are determined by the relative exvessel prices
offered by esch processor, the level of the steck. and the costs invelved in traveling to different

ports. . Tog leve) of processors® desand for raw fish is influenced by demand determinants far the final
product and the ‘processing and freezing costs. _

On the product side, the total sm‘xormummts consiats of current production and holdove
inyentories. The levels Ofﬁﬂrwmm determined by the sales of raw fish at the r
level. Given the available supply, the svocesior mixt 1 $Tlocats

current period and sales in the mext: pei A

arvestin
:h_is qugatity between sales in thegI
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Figure 1. Allccation Decisions by a Honopsonistic)‘"onopolistic Processor
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inventory accumulation decisions for halibut products are important. Under open-aceess harvesting
conditions, a competitive processor is uncertain as to the availability of ish to him in future time
pertods and therefore halds inventories of frozen fish products, A competiiive crocessor would bg
unwilling to forego, entively, purchases of raw fish which may not e consumed in the current ;er1od_
since his conservation efforts will he counteracted by other processors.  In contrast, o monoosonistic
processor has the chofce of maintaining a supply of raw fish in the ocean, wiere i1 will grow over time,
or in the freezer. His decision deoends on the costs irvolved in the freczing operations and the CcoSts
associated with not having immediate access to products Lo fulfill unexperted charqges ir demard. These
decisions are reflected in the marginal conditions for tne optimization model.

In summary, the 4.$. and Canadiasn processors are faced with the problem of simultanzously egualing demand
and supply in two markets--the exvessel or factor market and the wholesale/fretai’ rarket. Prncgssors
need to offer an exvessel price so that the resulting gquantities supplied by the fisharmen fu1f1l! the
tevel of current sales and the level of inventories which maximize the processors' profits over time.

III. Empirical Analysis

The optimal control model is comprised of 2 set of wholesale demand relations, a set of fishermen's

supply functions, a set of biological relations to describe tre dyramics of the bionass, 4nd a criterion
function.

Since the available informaticn on halibut consumptiom is insufficient for estimatirg retail demand

functions, consumer preferences are assumed to be reflected in the derived derands facing the processors.
Two assumptions are made with regards to the wholesale demand specifications. First, wholesalers do not
significantly change the level of their inventories between pericds. The guantity sold by processors in
period t is approximately equal to the quantity purchased by consumers in serigd t. Second, competitive

conditions exfst at the wholesale and retail levels in bath countries. The wholesale-retail margins
refiect handling costs and not increased profits.

The U.S. retatl demand is satisfied by U.S. processed halibut and exports from Candada; therefore both
quantities enter directly into the U.5. processors' derived demand function, Canadian retail demand is

met by Canadian production only.1

The derived demand facing U.5. and Canadian processors arae specified in price dependent form as:

Wy uy L tu u Du ]
Pt fu(Qt N Qt . ?t, Zt , wt}
W, _ [uf R o Dc €
Ptc - fC(Qt ) th Zt ] "t)
where; Pii = wholesale price in country i, i = u, c

Qt = quantity consumed in country i and processed in country 3)

¥, = consumer income in country i

= expgenous demand determinants {retail level}

=
]

¢ exogenous factors (wholesale level)

The fishermen’s supply response functions are assumed toc be based on profit maximizing behavior. These
functions are not derived from a specific profit function, but are ad hoc specifications which reflect
the theoretical properties of supply functions. Two underlying determinants of the supply respanses are
roted: the biomass effect, and the effects of the relative exvessel prices offered by U.S. and Canadian
processors on the allocation of landings. Landings per unit of effort in any given perfod are variable.
If effort levels are constant, the variability in landings is due primarily to variations in the size of
the biomass. As the biomass increases, landings per unit of effort also increase: alternatively, to

hairvest a given quantity of fish, the amount of effort required is inversely related to the biomass
Jevel. )

“The deYay-difference (D-D) model developed by Deriso {1981} is the basis for the biolegical component of
‘the mode]l. It féatures the sathematical simplicity of traditional stock-producti

: e _ on models and the age-
~structure model for the halibut fishery, providing a model that can be ysed with 1imited data.

: & D-D mode) applied to the halibut fishery can be specitied as




where B hiomass of adult stock in year tj

t
St = the difference between the biomass ¢f adult halibut and the setline catch, Bt - Ct;
Ct = setline catch of haiibut;
2 = pigmass growth cocfficients o >0, No units;
r - annual natural survival fractfon;
FE{.) = biomass of k year old progeny.

The base mode) criterion function is specified in terms of maximizing the present value of net returns to
the U.S. and the Canadian processing sectors over the entire horizon. Net returns are defined as the
difference between gross revenues and «ctal costs, The level of returns to the U.5. processor is
affected by the quantity of halibut exported from Canada to the £.5. {ikewise, the value nf Capadian
exports are affected by the guantity placed on the 4 5. market by the U.5. processing sector.

A summary of the model specification in functional form is given ir Table 3.2 Strdightforward and
analytical procedures of solving for the linear contral rules would te applicable if the processor
allocation model conformed to 3 linear nuadratic specification. However, it is difFicult to obtain an
analytical understanding of the dynamics of the optimal policy when dealing with norlinear mocels and
ngnguadratic criterion functions. The optimal control path cannct be stated as functions of the observed
ecomomic variables., Chow (1876, Chapter 12} discusses the feadback form of the solution to nanlinear
deterministic systems. The implementability of this arocedure depends an the degree of ronlinearity and
the overall dimensions of the model.

A SECQHd approach is to solve the contrel problem nemerically. Under an open-1ocp structure, tﬁe
algorithm solves for all of the control vectors for all time periods, Uy e Uy, in each iteration.

essence, the method employed to solve the processor allocation model is an open-100p procedure; it first
provides a Yinear approximation to the nonlinear model and then aoplies a gradient method for maximizing

; . . . . . 3
the criterion fenction, The numerical algorithm which is utflized ir this research is MINOS/AUGMENTED.

In

3.1 Wholesale Demand and Fishermen's Supply Functions

The wholesale demand and input supply relations, and the inventory jdentities can be initially cons idered
as a system of equations which describe the halibut fndustry. Given the evidence that the halibut
markets are not perfectly competitive, the product demand equations and the Fishermen's supply respoases
constitute separate blocks in the system.

Since those equations need to be incorparated into the processor allocation model, it is important that
the relationships are specified as succinctly as possible, but stil1 retain desirable properties. Thus
in the regression estimates that follow, the exogencis demand shifters relating to (ZEC. H:. qu- and WE)

kave been omitted from the specifications. In general, this omission will result in biased estimates.

A second modification concerns the separation of the Canadian and U.5. quantity variables. Because of 2
strong collinearity betwesn these two variables only the quantity which, a priori, has a negative effect

on price is included. For any given Canadian production level, Q:c has an invers# relationship to
wholesale prices in Canada, while the quantity exported to the nited States, QE”, should have a direct
effect on wholesale prices in Canada. The Canadian derived demand function includes Q°C 1n the
specification but not Qiu- For the United States, Q:u and Qiu ave included in the demand specification.

Twe specifications of derived demand relations weré postulated. In the #irst specification, price in
gach country 1s & function of the quantity sold on the respective markets and the personral disposable
income, while the second specification excludes the income varizble from each relationship. Three
indicators favored using the second specification, stronger t-statistics, no sizable difference in the
standard errors and the absence of conclusive evidence of gerial carrelation. The results shown in Table
2 are utilized in the remainder of this study. Own-price elasticities calculated at the mean prices and
quantities and at the 1976 prices and quantities, are reported in Table 3.

For both countries, the derived demands are price elastic when evaluatod 2t the mean values and at the
1976 values, with the elasticities increasing almost threefold fn 1976 from the values calcdlated at iie
means due to 1imited supplies. These elasticities are theoretically consistent: namely that a profit
maximizing monopolist produces in the elastic region of the demand curve.

An initfal examination of the exvessel price dats revealed a high correlation between the sxvessel prices

offered by U.5. and Canadian processors. When the supply response equat fons were estimated using both
the U.S. and Canadian exvessel prices, there were inconsistent signs and low t-statistics on the
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Table 2. Derived Cemand Eyuations; Wholesule Price as 2 Furction of Wholessle Quantities, 196013774
Estimation echnique: Seemingly iinrelated Regressions

Quantityb Summary Statistics
Jependent Humber of Standard Error Durbin-Watson

Country veriable Constant u.s. Canada Chservations of Equation StatisticC
United W,
States p 1.49 - 125 18 .186 1.65

t {1z2.67, {-5.47)

W
Canada ¢ ¢ 917 - 177 18 127 1.66

t (15,39} i-3.79)

a .
t-values are shown in parentheses.

b - . . :
The quantity variable for the 4.5. corresponds to (Q:u + Qiuj; the quantity wariable for Canada

corresponds to Qgc.

c . C o )
The Durbin-Watson statistic is computed from the OLS residuals.

Table 2. Own-Price Flasticity of Demand

Using Mean values Using 1976 Yatues

United States -1.48 - 4,89
Caznada -3.72 -16.57

parameter estimates for prices, concurrent with significant value of the F-statistic., This suggests that
the separate influence of each price on the gquantity supplied is weak, relative to the joint influence of

prices.4 Since increasing the size of the sample is impossible, only one of the price variables is
inciuded in each equation. [n this regard we are committing a specification error by omitting a relevant
variable, thereby biasing the estimates. However, the bias which may be introdvced by specification
errors is less serious than having inconsistent signs for the price coefficients and being unable to
disentangle the effects of the U.S. and Canadian exvessel prices on the quantities supplied.

Two considerations are important in specifying the functiomal relatienship. First, an increase in
biomass should, ceteris paribus, shift the supply curve (G = f{p}} to the Teft, since the marginal cost
of catching a given quantity of fish is Tower at higher biomass levels. Furthermore, for any given
price, the rate of increase in the quantity harvested should be decreasing as biomass increases.

The second consideration concerns the effect of the exvessel price on the gquantity supplied. Holding the
biomass level censtant, one would expect a direct relationship, with a positively sloped supply curve,
But crowding externalities and marginally incressing costs of effort madify the supply response. To
reflect these two considerations, the exvessel prices and the biomass variables enter nonlinearly in the

w1 s
input supply equations, (pt) and {Bt} :

a T a
uu uy 1 uy-1 2 uu
Xy al{Pt} + bl(Pt} (Byd © + 2,
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where By g dre between 0 and 1, Ang the error terms, are contemporanecesly correlated,

This specification has two important characteristics. First, the price elasticity ot sucply fs constant
and equal to ay. Secondly, in response to change in bicmass Tevel the Supnly curve does gt shift im a

para]]e! manner. At higher prices, a given biomass increase has 2 larger absolute effect on the
quantities supplied than at the lower price Tevels,

Econgmetric Resaltg. The wvalues of up and ny need to be determinad befare supply ecudtions can he

estimated u§ing 2 two-stage estimation procedure. For each equation, the resylts from an ardinary ieast
Squares estimating pracedure, fur varipus values of 4y and 4p Were comoared. The best averall fit

obtained for the four input 5upply responses was obtained when % and s Were both equa® to 0.5.

The input supply equations are estimated utilizing 7ellner's method for seemingly unrelated equations
because_of the contemporanegys correlation of the arror terms across the supply equations. The results
of the inpyt supply estimates, assuming that ? = 3y = 0.5, are provided in Table 4.

The parameter estimates fop both the price and the "price times biumass" variabies are significant at the
1 percent Yevel, and there is no indication of autocorrelation problems .

In the first equation, the quantity supplied by the U.S. fishermen to the U.S, processors, X:u, is

positivg?y_re]ated to the exvesse] price offered by the U.5. processors for biomass levels greater thanm
30.59 million pounds (MP). Biomass has a positive effect on the quantity suppTied, although the

magnitude of this effect ig 3 direct function of the price level. The relitive magnitudes of the impagts
of these two variables in the current time period are;

axg“ {3.560 YBC - 19.364) 5 0 for B, > 30.59

—_—

wPy 3/ <0 for B, < 30.59

a8 (3560 J/pY
._.t_.z-———._.__._t.'_z-o

SBt a v‘ﬂt

As evident from the equations above, each Tmpact depends on the level of biomass and the exvessel price,

The price elasticity of supply, e:u, is imrelastic and constant (.50} at at) combinations of price and
biomass,

The elasticity of supply with respect to a change in biomass, e;u. exceeds 1.0 at 311 relevant prices
biomass combimations {Table 5). It fs Interesting to note that at any given biomass level, cgu increases
3s the exvessel price increases. The responsiveness of X:" to changes in the biomass Yevels and in the

exvessel prices at various price/biomass combinatigns becomes crucial to understanding the short-term and
long-term policy implications of various management schemes.

For the Canadian supply eguations, the Fatterns of responses are stmilar to those exhibited by the
quantity supplied by U5, fishermen to U.S. processors. The econometric rasults indicate that the
exvessel price offered is positively impacting xi‘ and xi” at biomass levels in mxcess of 34_49 Mp,
respectively,

The price elasticities of supely are Tuelasbic angd constant for both x;c and Xi" at all price/biomass
combinations. Furthermore, the elasticities of supply with respect to biomass changes are etastic, At
~high biomass levels (50.0 MP) the degree of elasticity also decreases,
: l_ai cei'pu-ing the four input supply responses, the elasticities of Supply with respect to Changes in the
Yiomass Jevel are highly etastic, especially at biomass levels im the nefghborhood of 400 MP. OF the
our retationships, x;“ 1s most responsive o a change tn blomass, dnd x‘t“' Ts the least responsive.




Table 4
Input Supply Equaticms: Quanticy Hacvested Related to Exvessel Price and Biomass Level, 1970-1977%

Estimation Techalyue: Seemingly Unrelated Regressions for Nonlinear Equations

Summary Statistics

Independent Variables
Price offered, Price offered| Price, Biomass
by U.S. | by Canadian Cross-Term
processors processors
S:p:ndint Y pu Vpe Ypu VB Nuzber of standard ecror | Durbin—Watson
fuib 2 t t t t obsecvations. of the eguation) Statistics
It -19.364 3.560 8 153 1.36
(-5.92) {6.79)
gue
¢ —4.264 699 8 018 1.56
{(-10.73) (10.983
oc
L -28.896 4,920 8 .148 2.14
(-%.14) {9.71)
cu
X, -18.250 3.056 8 -096 2.24
{3.06) (9-24)

a
bﬂsymptotic t-statiastics are shown ln parentheses.
The Durbin-Watson staristic is computed from the

OLS tesiduals.
Table 5

Elasticities of Supply with Respect to Changes 1in Bioaans
at Selected Prices and Biomass Levels®

EBs
Plomass Elasticities of Supply
ud uc f 1 cu
Price/Bioasss Level €u €p €g g
§.40/40.0 MPY 3.39 14.69 7.07 9.03
5.40/50.0 WP 2.17 3.67 2.95 3.23
$.50/40.0 ®P 3.58 14.87 7.09 9.14
$.50/50.0 MP 2.18 3.68 2.96 3.23
Spased on the following formulas!
we  3-560 /7T /3¢ o 4.920 /7% /B¢
£ E ——————————— £ - e ——————————
B 2 x:" s S vl
[
on  3-056 P I3,
‘ -
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3.2 Crowth/Recruitment Relatisn

The statistical estimation for the piological growth and recruitment relation was done oy Deriso {(1981).
His results which are restated in Table 6 are based en the follewing equation:

By =2 (0] - B —5 (B ety ) (G105, 50

t+1
where % = annual natural survival fraction;
m = suryival coefficient used as proxy for the affect of incidental catches;
a = transformed spawner-recruitment parameter

and a1l the variables are as defimed previousiy.

Table 6. Estimates for the Biological Growth and Recruitment Relations, for the Peripd 1928-1979

Parameter Parameter Estimate Stardard Deviation
4 : 0.833 r.073
m (645 N6
2 105 0.0l

Source: Deriso (1981}, Table 2.

3.3 Processor Allocation Contro) Model

In this section the demand, supply. and growth relations are imbedded irto tre processor allacation
contro] model to yield the optimal utilization rates for this resource when the processing sector is
characterized by a monopsony/monopaly. This scenarig is referred to as the Rase Msdel. Errors due to
misspecification of the Base Model, serial correlation, or other statistical problems in the regression
estimations are carried over into the control model. Even more irportantly, however, is the extension of
the regression results beyond the range of data observations. A positive relationship netween exvessel
price and gquantity supplied is also contingent upon the level of biomass exceeding a critical lower
bound. Furthermore, at low exvessel prices for halibut, fishermen may divert their effarts to other
species. Since the specifications utilized in this study do not account for these '"unknown reactions,”
or structural shifts, bounds on the state and control variables are defined.

For global optimality, the necessary and sufficient conditions must held over the entire domain for a
solution to exist. The Lagrangizn must be concave Tn both the states and controls; the constraints are
linear in the states and controls; and the equations of motion are either concave or convex in the states
and controls, and have non-zero costates.

The sufficient conditions for a global optimum are often violated when dealing with empirically-estimated
objective functioms. By restricting the constraint set to lie in a certain subspace in the domain, the
objective function may be concave over that given region; and thus a global gptimum obtained relative to
the restricted subspace. When the processor allpcation modet was estimated without restrictions placed
on the states and controls the model converged to a Yocally optimum stationary point.

The parameter estimates used in the Base Model are presented in Table 7. The sensitivity of the results
of the Base Model to change in costs and tariffs is discussed in Capalbe {1382;.

A time horizon of ten years is chosen to atlow the effects of the dynamics of the biceconomic wodel to
be evident. As noted earlier, zs the mode) horizon extends beyond the data period the Tikelihood that
structural changes will alter the regression coefficients increases. Furthermore, since the processor
allpcation model is not updated during the solution algorithm, the vatue of projecting a 20- or 30- year
policy without some feedback is questionable.

The controls are the exvessel prices and the wholesale quantities that maximize the discounted rents to
the processing sectors. The optimal values of the control variables and the state variables in the final
salution for the Base Model are presented in Table 8.

The exvessel prices, P: and Pi. are set at the lower of $.22 per pound. The optimal strategy for the

processors, as deterwined by the model, is to buy the smallest quantity of landings that the model
permits, thus allowing the biomass level to increase. At larger biomass levels, the fishermen are
willing to supply larger quantities of fish at a given price. Because of the rel ative magnitudes of the
effects on the quantity supplied associated with increases in prices and biomass levels, this behavior is -




Table 7

gummary of the Farameter values for the Base vode l

item

Regression Coefficients

Derived Demand Parameters {(Source: Table 5.2)

Price intercept, U.S5. demand 1.49
Price intercept, Canadian demand 917
Quantity coefflicient, L.S. demand - 125
Quantity coefflclent, Canadian demand - 7
Input Supply Parameters (Source: Table 5-3)
Price coefficient for xg“ -19.364
Price=blomass coefficlent for X:“ 3.360
pPrice coefficlent for Kgc - 4.264
Price—biomass coefficlent for x:ﬂ ©0.69%
Price coefficlent for xic ~28.890
Price—blomass coefficlent for X:c 4.920
Price coefficlent for K:“ -18.250
Price-blomass coefficient for_xgu 3.056
Blological Parameters (Source: Table 5.5) Parameters
Apnual natural survival parameter 0.833
Survival coefficient for incidental catches g'g;g

Tranaformed spawner-recrultment parameter
pollars Per Pound, bDraased Weight

Other Parameters

Processing cests, U.S. 0.12

Processing costs, Canada 0.12

1aveatory holding costs, U.5. 0.10

Inventory holding costs, Canads 0.10

Traneportation costs from processing facilities C.15
to Eastern United States and Canada

Tariffs oo U.S. imports g.go

plscount Rate, per anoum

12

resieddon



Table &

Results for the Base Model with Exvessel Price Constrained to be > 3.2%

State Variables

Time | |
period| By | XU | XeM© | X5€

million pounds

X Ct ‘ IgH P1e®

1 37.276 1.114 0.006 0.53& 0.203 1.858 0.000 G.000
2 38.098 1.226 0.028 0.638 0.299 2.2642  0.000 0.000
3 38.664 1,303 0.043 0.795 0.365 2.506 0.000 6,000
4 38.936 1.338 0.051 0.844 0.396 2.628 ¢.000 £.000
5 39.091 1.35% 0.054 0.872 0.413 2.700 0,000 0.000
6 39.142 1.366 0.056 0.882 0.419 2.724  0.000 0.000
7 39.177 1.370 0.056 0.889 0.424 2.740  ©.000 0.000
8 39.274 1,377 0.058 0.B97 0.429 2.762 0.000 0.000
9 39,283 1.38% 0.059 0.908 0.436 2.789 ©0.000 0.000

10 39.343 1.3%3 0.061 0.919 0.4é2 2.316 0,000 0.000

Control Varlables | Shadow Prices
J By xtuu xtuc xtcc xtcu Itu Itr_‘
Time Ju¥ | QS | @O | Pt | Pt | WEeH | WRS
Period (b1} | (p2) | (3 | (pald o5y & (ep) | B7)
%, dollars per pounds | ]

1 1.647 0,355 0.255 0.220 0.220 1.252 0.854| 0.16% 0.523 0.523 0.523 0.523 0.547 0.547
2 1.525 0.34% 0.368 0.220 0.220 1.253 0.855| 0.866 0.170 0.170 0©.170 0.170¢ 0.529 0.523
3 1.667 0.457 0.381 0.220 ©.220 1.234 0.836 G.765 0.156 D0.156 0.156 ©0.156 0.476 0.476
& 1.73 0.508 0.386 0.220 0.220 1.225 0.827 0.678 0.15% 0.159 ©0.159 0,159 0.a44 0.444
5 1.773 0.5¥7 0,390 0.220 0.220 1.21% 0.822] 0.393 0.167 0.167 0.187 0,167 0.420 0.420
] 1.785 0,567 0.391 0.220 0.220 1.218 0.820 0.507 0.179 0.179 0.179 0.17% 0.402 0.402
7 1.79% 0,553 0.392 0,220 0.220 1.217 0.819; 0.411 0.199 ©.199 0.1%9 0.199 0.386 0.386
2 1.806 0,562 0,393 0,220 0.220 1.215 D.817; C.206 0,226 1,23 0.226 0.226 0,370 0.370

_é; 9 1.821 0.573 0.394 0.220 0,220 1.213 O©.815 0.194 0.267 0.267 0,267 0.267 0.333 0.355

10 1.835 0.585 0.395 0.220 0.220 1.211 0.813 p.086 0.339 0.33% 0.33% 0,339 C.339 0.339
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manifested through the larger levels of
larger catches for the same exvessel price
The sum pf the discounted processors’' net

rational. The benefits of restricting catch in period 1 is
biomass made available in later perieds, and the subseguently
uf 3.22 offered by the Canadian and U.S. processing sectors. 5
returns are increased by foregoing production in the early periods. The pxvessel prices fn the final )
periods do not exceed the established lower limit on price. This implies that at the end of a ten-period
horizon, the exvessel prices whick pquate the marginal revenue and the marginal input supply curves are
Still below 3.22 per pound. 1f the number of time periods were to be extended, it is anticipated that

the prices in the final periods would eventually exceed the lowcr price bounds.

The initial level of hold-over

On the product side, the optimal time path for inventories is rero.” _
implying +hat it 1s more costly

inventcrigs at the onset of the model, are immediately reduced to zero,
to keep fish in the freezer than ta hold them off-shore for future harvests.

are ot positive levels for all time
production to dorestic buyers,
and [anada are

Domgstic utilization levels and exports from Canada to the U.s.
periods. Canadian processors sell approximately fifiy percent of their .
and export the remainder to the J.5. The time paths for the akolesale prices in the U.S.

also reported in Table 8. The price elasticity of demand excecds 1.0 and the mergiral rewenve of sales

in the U.S. is equal to the marginal revenue of sales in Canada, in each period,

the state variables ‘or the Base Model

The values for the costates {or shadow prices) corresponding to
easures the marginal value of the

are also reported in Table 8, The shadow price of biomass, py, ®
e 25 ore would expect since Tater changes
the oxvessel quantities supplied,

The marginal veluations of

biomass constraint. The costate for biomass decreases gver tim
in biomass levels are Jess crucial to the system. The costates on
po(t) through po(t), are equivalent in each period and increasing over time.

{t), are also equivalent in each period, but have & gecreasing

the haldover inventories, se{t} and py
value over time.

The impacts of exogencus changes in the processors’ control variables can be traced through the model via
the first order conditions for the Lagrangian formulation. In general, exvessel price changes will
affect quantities supplied in the same perfod, as well as the quant ities supplied in the future via the
biomass growth/recruitment relation. Changes in the quantities processed affect the level of inventories
gnq also the amount of raw product demanded by processors. Changes in the derived demand for fish may
initiate a change in the exvesse] prices offered tp fishermen and thus set off the chain of effects

involwing exvessel prices,

3.4 Implications of the Empirical Results

the results reported in this section are the optimal

time paths for the state and control variables. Based on the results the following properties of the
processor atlocation model can be deduced. First the current biomass is low. The biomass increases as
catch levels are reduced, and these higher biomass levels support larger sustained yields from this
fishery. Within the vontext of the processor allocation model, the optimal paths for the states ang¢ the
controls indicate that fishing levels and catches should be reduced to the Towest Tevel. All results
such as the guantities processed and sold, are determined so as to maximize processor returns, but always
under the overriding gozl to rebuild the biomass Tevels.

Given the behavioral and biological assumptions,

Second, the sotution to the Base Model is not an interior solution. Since the supply responses and the
demand functions are estimated over a given price/quantity range, it seems reasonable to restrict the
model to operate within these ranges. There is no reason to believe that the estimated supply functions
and demand relations would lead to global optimal solutions. Furthermore, the Base Model is unable to
reach an esquilibrium state in ten time periods primarily because of the biological growth relations. 131
the time horizon was extended, the system may reach an equilibrium state, aFthough this is conditional
upon the equations of motion for the state variables being robust enough to capture the steady-state

conditions.

Finally, the results for the Base Mode) may be generalized to other fisheries alsp in disequilibrium.
To only cansider static relations for economic Supply and demand, without fncorporating the dynamic
biological relationships into the Tnput supply functions, is Tikely to yield misleading information to

policy-makers.

Instability of the model was indicated by some of the e#igen vectors of a Yinearization of the
differential system arcund some specitied puinks. However, the instabilities in the system may be
controlled via the policy or contrg) instruments. Since exvessel prices are gne of our Luhibroia,
appears that lowering the exvassel prices may be a means for controlling the system. However, lower
biomass levels are also associated with more stable conditions. In the processor-allocation medel,
lower exvessel prices, in effect, Imply larger biomass levels. These observed affects of exvessel price
and biomass Tevels pn the stability ef the di fferential systee are evident in the results of the
alternative policy scenarios. The forma) tests for complete controllability and conditional

controllabiiity are satistied.
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tv. Summary and Conclusions

Biomass externalities and the transboundary nature af the resource storck have inmensified the manigement
conflicts in the North Pacific halilut industry. National marzgerent scheres that are designed to foster
sote pational ownership of the resource are unlikely to succeed in gcrieving ootimal utilization rates,
This study has explicitly consideved the effects of harvest rates on flutire Liorgss levels and conseguent
shifts in the supply responses of the fishermen.

The primary objective of this study has been to provide a fravewors capabis of zssessing the econgric and
biological consequences assnciated witn alternative policies for transtoundary renesable resources. This
ohjective has been successfully met by developing a theoretical nioecaronic model for the Falibut
industry, estimating this model, and then utilizing the estimates for policy analysis. Move
specifically, two segmenis af a dynamic system for the halibut industry werc carstructed and
econgmetrically estimated. The first segment dealt with the fishermer's sucply -esponse functions.

To capture the dynamics of the fisheries, the quantity supplied by the fishermen in the L.5. and Canada
was related to both the exvessel prices and the biomass level. Bs the biomass level changed tne marginal
cost of catching a unit of fish also changed, and thus caused shifts in the fishermen's supply response
behavigr. Both the exvessel prices offered by processors in the U.3. ard Cerada and the biomass level
are shown to be related in a nonlinear manner to the quantity suppiied.

A second segment of the dynamic system dealing with the interdependerce in the U_5. and Caradian product
markets for halibut was also developed and estimated. The U.S. demand for ralitut praducts is met by
4.5, praduction and Canadian exports. The processing sectors in the two countries are depicted as
imperfectly competitive. Fach has a degree of market power over the quantity and orices at the exvesse!
and the wholesale levels. However, because of the trading betweer the two courtries and because of the
biomass externalities, the decisiors by one sector to raise or lower prices, sinultaneously affects the
user groups in poth countries.

A third segment of the dynamic system, the biological growth and recruitment relations of halibut, hzs
also been discussed. The parameter estimates were obtained from a recent gnalysis by Deriso f1981;.
These three segments comprise the underlying dynamic system for the U.5. and Canadian halibut industry.

To assess the implications of alternative policy options, a nonlinear cantryl rodel is developed. This
model is based on the assumption that the processors aré imperfectly competitive and the criterion
function is in terms of maximizing ret returns over time to the processing sectors. Tne necessary
conditions for an optimal sotution reflect both the direct and indirect impacts on the processcrs and
fishermen. These impacts are due to the economic efficiency criteria of eguating marginal revenues and
marginal costs and to the biomass stock externalities which have been imbedded in the fistermen's supply
responses. Changes in the supply response of fishermen in the U.5. in one period affect bath the
Canadian fishermen amnd U.S, fishermen in subseguent periods, d4s wel® as consumers and processors,

The results of estimating the nontinear processor allocation control provide insight inte the dynamics of
the halibut industry. The preferred strategy from the processors' vantage point is to increase or
"rabuild” the biomass ievels by offering low exvessel prices to the fishermen. The immediate benefits to
the processors, which are foregone in the earlier years because of smaller harvesis, are outweighed by
the benefits assaciated with a larger biomass level in the later peripds. Again, the benefits from a
larger biomass are traced through the shifts in the fishermen's supply responses over Lime,

Results from the processor allocation model support the concerns by management agencies that the current
biomass levels are significantly below the maximum sustainable yield biomass level. [T is heneficial to
the processors to restrict initial catch levels by offering Tow exvessel prices, thus permitting growth
in the halibut resowrce. These benefits are guantifiable because the biomass growth and recruitment
relations are incorporated into the control model and because the biomass level enters directly into the
fishermen's supply responses.

Further implications relate to the existence of imperfect competition at the processing level. That is,
if the harvesting sector is fairly competitive but faces oligopsonistic precessors, then from a
management perspective, it may be sasier to manage the fishery through the processing sector. This study
has shown that if the processors are “sale owners” of the resource, they will conserve the stocks in a
manner sinilar 1o regulatory agencies, Thus, the enforcement and requlating costs of imposing
restrictions such as limited entry and catch quotas on the fishermen may ke minimized in fisheries
‘tharacterized by an oligopsonistic processing tector,

. processed halibut exports to Canada are negligible.
' iquu and interpretation of the first order conditions can be found in Capalbo {1982).
Tgorithe 1s dfscussed fn detail tn Capalbo (1982).
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the parametier coefficients may exist even without

es may have a small dispersion, or cz may be large, The
d indicator of multicollinearity when there are only two

4. [t is noted that large variances for

multica’linearity. The explanatory variabl
sample coefficient of correlation is a vali
independent variables.
5. WNote that the hold-gver inventories are annual inventories., carried gver from oné fishing season to
the next, rather than monthly variations in stocks of frozen kalibut.

6. The formulas for calculating the warginal revenues in the U.S. and Canada are:

MRS - 149 - 250 (0" o) - 12 - 5

HRiA - o7 - 3a(S) - 12
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Intraduction

fquaculture technology may well grove to be one of the most significant factars in the world's selmon
fisheries during the next several decades. At present, both public, private, and cooperative agUdcu1turE
facilities exist on the Pacific and Atlantic oceans. Public facilities have been particulerly important
in North America for the past two decades primarily as means of mitigatirg damages associated with salmon
habitat losses. Along the Pacific Ceest, for example, hatchery facilities have been congtfucted to
reptace spawning grounds lost to hydroetectric dams on rivers including the Fraser In Britist Columbia,
the Columbia in Oregon, and the Sacramento in California, Similarly, Alaska has implemented enharcement
programs in several areas in order to rebuild runs in historically-productive systems, While total
public hatchery production is fairly lTow an the whcle, its potential is serhaps better gauged by noting
its role on a local scale. The supply from private aguaculture (ocean-caught and return to private
facilities) represented approximately 30 percent of the total supply from coastal Oregon and Northern
faliforniz (Anderson, 1983} in 1982, for example. In some areas of Alaska (e.g. in the Southeastern
District of Lower Cook Inlet), aguacultured stocks contrituted up to 38 percent.

Althgugh public mitigation-oriented facilities are most prominent in North America, privale profit-
oriented facilities have been growing very rapidly elsewhere. Norway has led the industry in pen-rearing
technology (enclosed raising from smolt to harvested adult} and Norweign-raised Atlantic salmen now
successfully compete with Pacific-caught wild fish in the fresh fish markets of Europe, Japan and even
the Pacific Northwest. In addition ta pen-rearing salmon in North fnerica smolts are also raised in
hatcheries, released, and then harvested when they return from a maturation period in the open ocean, a
practice referred to as salmon ranching, As yet, only the state of Dregon has allowed private profit-
oriented salmon ranching although Washington state allows some subsistence-oriented saimon ranching by
Mative Indfans and Alaska permits cooperative non-profit ranching,

What the future holds for aquaculture-produced fish in the Pacific is somewhat speculative at this peint.
what is apparent is that there is enormous untapped potentiat. In Alaska and British Columbia alone, for
exampTe, there are thousands of miles of bays and inlets suitabTe for pen-rearing and thousands more
streams whose spawning capacities could be increased many-fold with hatchery facitities. Both regions
have had on the drawing boards very large-scale cooperative enhancement programs totaling some 3/4
billion dollars. During the last two years, however, these programs have been put on hold and
palicymakers are now adopting a very cautious position towards expansion with new facilities. The
caution has been echoed in Oregon with a moratorium on further development and in California with
prohibition against artificialliy-reared fish other than for mitigation purposes.

Reasons for the current cooling of public support for aquaculture are many and varied. Some of the
reasans are short run in that economic slowdowns in resource-based economies like Alaska and British
Columbia have left little discretionary funding to embark on large programs, even if designed to be
cooperativeiy financed once 1n pperdiion. ih additign, howaver, there has been considerabie political
resistance to private and cooperative aguaculture by fishermen themselves. While This may >eewm
paradoxical at first (given that more fish would seem To mean Targer harvest), there are some subtle
reasons for such a position. One of the worries {also expressed by biologists) is that natural stocks
might be extinguished in fisheries where fishermen are havesting on mixed stocks. Another worry is that
natura] stocks will somehow be outcompeted or otherwise adversely impacted by density dependent factors
associated with any large increase in salmon refeases. In addition, there is the very prevalent feeling
among fishermen that they will lose political control over "their® salmon resources 1f new entrants with
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different objectives are allowed to participate. Finally, rany fishermes feel that incressed arivate
aguaculture supply will have a substantial impact on orices.

The natural stock extinction problem is, in 2 sense, more relevant in cases where public eahancement is
being used to rebyild a commercial fishery. The reasoning behind the worry vuns as follows. In a mixed
stock fishery (i.e. one where fishermen take an identical, pelicy-fised propartion of recruits from both
wild and hatchery stacks) benefits will be gained from hatchery-raising only to the extent that the
exploitation rate can be higher to take advantage of the better recruit/spawrer retationship made
possible by the fucility. But a higher exploitation rate an the nmixed stock fishery will gradually
eliminate the wild stocks. With private aquaculture, this problem can pessioly be avoided sirce private
facilities add to the exploitation rate after the commercial fishery. Hence the mixed stock commercial
fishery may be managed on the fishing gqround at a lower exploitation rate to preserve wild stocks and the
excess recruits can be captured and sold out of the private hatchery facility.

With respect to the competition problem, there are indeed severa) patential roinis at whichk aguacultured
and wild stocks may compete. The first place is in the river where swolts return fo the occar. [f
artificially reared smolts compete with naturally-spawned stocks en route to the ocean, ther fishermen
could conceivably be harmed. The second place is in the vcean when smolts return to mature and the seme
considerations apply as in the river stage. From the fishermen's point of view, however, whether they
will actually be worse off is really not clear. 7This is because 1t is likely that tne gairs from
returning aquacultured fish may more than compensate for the lesses in natural fish.

We are left, then, with the issue of control over the salmon ind, more broadly, the ocean ard river
resqurces. This issue is perhaps the more importart one underlying debates between oppchents and
proponents of aquaculture. It is easy to understand, given the fragmentary nature of fishermen's
coalitions and the contrasting big business (Weyerheauser, British Petroleum; nature of aquaculture, how
such fears might arise. Nevertheless, the real issue is how substantial the corflict in positions realiy
is. Are there, in fact, reasons why aquaculturists might want and promote different fisheries policies
than the fishermen themselves? 1f the answer is no, then perhaps aguaculture and commercia! fisneries
can coexist. If there are substanmtial points of conflict, on the other hand, then we are likely to
witness continued resistance and countermaneuvers over the snort and irtermediate term. In the ‘ong run,
however, what probably counts most in this debate are the relative efficiencies of the two techniques.

If Morway or Japan or any other country can successfully market aquacultured fisn, the domirant producing
natural-production entities Tike British Columbia and Alaska may have no choice but to, albeit
reluctantly, entertain the prospect of artificially reared fish, either pen-reared, salmon ranched, or
both. In a sense, what we may be witnessing here is no different from countless other situstions in
history whereby old methods are challenged by new ones. What makes this slightly morg interesting is
that policy is so pervasive in the challenged industry that it is unclear whether certain policies
diminish or magnify the conflict.

In this paper we address, in both general and specific fashion, the potential conflict between
traditional commercial fisheries and aguaculture. In the next section we outline a conceptual framework
far analyzing points of conflict. This is followed by a discussion of an application of the model to the
Qregan cohe fishery. Section three discusses some empirical findings and section four compares some
optimizatfon/simulation exercises with the model. The final section offers a summary and concluding
thoughts.

Points of Conflict Between Aquaculture and Wild-5tock Fisheries

At the heart of the question of whether commercial fisheries and aquaculture can coexist are issues of
externalities. Externalities have been defined in different ways but they are best viewed in a general
sense as Tinkages or points of feedback between decision makers in a system for which no market
mechanisms exist. If there are no Tinkages or externalities between decision makers then we would expect
no conflict over decisions and actions. As soon as we admit a Vink between decision makers, however, one
graup's pursuit of its goals may hamper the other from attaining its best position. Standard examples
focus on polluter-pollutee links but the concept is broad enpugh to include a range of activities
including heroin use, reckless driving and burping at the dinper table, In these and many cther
externality situations, society has invoked policies, laws, or customs to alter the amount of spillover
impacts transmitted between decision makers.

In one sense, much of the political maneuvering by interest groups to exclude aquaculture in salmon has
been based on claims that externalities exist between natural and artificial systems of raising and
harvesting, The naints of sotential confTict bave aiready Deen discussed and hciude competitiom im the
river systems and ocean between fish, as well as conflict at the fishing stage over mixed stocks.
-Interestingly, there is nothing iaherent about salmon aquacuTture which makes these conflicts inevitable,
i_e. In-river competition could be avoided by locating hatcheries on rivers without natural runs, ocean
.competition can be avoided by pen-rearing, and mixed stock problems can be minimized if fisheries are

undectaken nearer to river mouths. Nevertheless, since much of the debate has facused on existing
s¥stems which do tend to involve some externalities, we will Tikewise focus our attention on these cases.

1°depicts points of interaction {i.e. potestial externalities) between participants in a typical
ck fishery (perhaps also aided by public hatchery production} and the salmon-ranching form of
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licatos an already-complicated system in a menner that
mates even qualitative analysis ambiguous. For example, increased private aguaculture releases may for
may not) reduce natural returns due to instream Or OCEdN density effects. The net effect may still be
positive for negative) at the teeminal fishery. If the effect is positive and the program is large
enough, prices Tay for may not) fall enough to reduce profits, resulting in exit from the indgstry,
relaxation of scason length restrictions, etc. The point, however, is that it is pot a pricri ?1?3r how
aquaculture activities should a“fect typical poticies such as season Yength {or vice versa). Simitarly,
changes in public poiicy regarding pudlic smolt releases and sesson length changes may or may not ‘
(thrnugh density effects anain) reduce squaculture retyrns as fishery profits rise, etc, (bvigusly, it
is npcessary te wrderstand more about the quantitative interrelatignships in order to betfer gauge who
will gain end lose by various policies. In the next cection we discuss some empirical results ina case

study of the Oregeon coho fishery.

aguaculture, As can be seen, agudculture comp
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Figure 1. Interaction Between Aguaculture and Commercial Fisheries

A Mode) of Aquaculture-Natural Fishery Interaction

As discussed earlier, the state of Oregon is the only entity in North America which has allowed private
salmon ranching for profit to develop. Releases of privately reared smolts increased from 88 thousand in
1974 to 231 thousand in 1982, a volume five times that of public hatchery releases, Of total troll and
sport-caught coho in 1982 of 844,100 fish, an astimated 122,100 were from privately aquacultured stocks
whereas another 165,000 returned to private facilities as harvest. One large firm (a subsidiary of
Weyerheauser) 15 responsible for most of the production.

Tn tha modeling pffoet precented hore, we estimate the system depicted in Figure 1 by applying it to
Oreqgon data and then use it to simulate impacis of some policres. in vine iniereat 3f boing brief came
of the details are skipped over in order to get te the conclusions, {Readers interested in mere details
are referred to the discussions in Anderson, 1983 and Anderson and Wilen, 19B4.)}

The system depicted in Figure 1 is composed of four subsystems; namely [1) the natural cohp stock

recruitment relationship, {2) the aquacultured smolt-release/return relationship, (3} the fishing
production and effort dynamics relationships, and (4) the price or demand relationship. Data were
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gathered from various published and unpublished sources to estimaie the four subsystems. “he resulting
equations are as follows:

Natural coho stock recruitment relationship

We characterized the population of natural coho salmon with 2 Beverton-Holt $1957) model of tne form:

RMGp = ESi poa/ (3178465 eon!) {17
where

RN, is the adult recruitment (103 fish} in area i, time t,

Esi.t-n is the escapement of pareni stock {193 fish! in area 1 ut time t-n, ard

n is the generation length.

For cohe salmon, n equals thrze years. [A more detailed coho 1ife history can Le found in ODFW, 1982.]
Inverting both sides of eguation {1} and multiplying by ESf t-n yields the mure gasily estimated form:
ES

/RN‘I = 1‘1_i + E_iES- {2]

i,t-n t i,t-n

The recruitment for a given year eguals total stock which is approximated by the sum of: comrercial
ocean troil catch; open sport catch; pet catch {if applicable); natural spawning escaverent; and hatchery
returns {obtained from WOF, 1982; ODFW, 1982; and PFMC, 1982%. The portions of the stock derived from
hatchery smalts were determined by the ratio of on-station and off-station hatchery returns to tolal
escapement times total stock. The partion attributed to the naturally breeding population is the
remainder of total stock.

The above stock-recruitment relationship was estimated using pooled time-series cross-section data from
{1) the Washingtan coastal area, (2} Columbis River area, and (3) the Oregon/California coastal arca.

The intercept was restricted to be equal between regions, but the coefficient un parent stock was allowed
to differ. In the results presented here, direct species interaction between aguacultured anrd natural
fish stocks was ignored due to already-complex nature of the pptimization problem {see, however, Andersan
and Wilen, 1984),

The reswlting equation used here is:

R?

ad]j. R?
205 .

ESt_3/RNt = .745 + _006B7ES + .0G5I3ES

_ + .00683ES
{2.85) (1,20} ** (31.63}

(4.99)

.54 {3)
.50
32

Z,t-3 3.t-3

H o1 n

The results indicate that net adult stock recruitment, RNt - ESt_3, ingreases with adult coho spawners,
Est—3‘ and decreases as the density of the adult coho spawners increases.
Population dynamics of ocean released aguacultured salmon

A quadratic difference pquation was used to represent the relationship between ocean snolt release and
adult returns, given by

_ 2
Ry - SAgeap = viShy e * 85 (SR o) (4
where
Rﬂit is the number of adult returns {103 fish) in area i, and

Ski £-1 is the amount of ocean released smolts {103 1bs.} in area 1.
Jt-
The equation can be modified by dividing both sides by 5, , , which yields:
(RH; o - SAy 4 1SRy 4y = v ¥ 85 11 SR e (5)

The estimates were done again using pooled time-series and cross-section data on public hatchery releases
from (1} Washington coastal, {Z) Columbia River, and {3) Oregon/California coastal areas {Cummings, and
MDF vardous years). Since aquaculture has only been in operation since 1974, public hatchery production

-llg_used_as a proxy. The estimated equatiom is:

5
adj. R
obs.

0023854

AR - SRy J/SAy g = A.05 - 001595A .00535SA 0023854

- A7 (6
(1086) (-1,391°t1 T(-4.47) ).

.42
39

2.t-1 7 3,t-1

noion
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tercept if restricted to be

As with natural coho stock-recruitment relationship, the gstimate of the in C ]
returning adults increase with

equal between cross-sections. The signs on the coefficients indicate that
smolt release but decrease with density of smolt release.

Fishery production and effort dynamics relationships

In order to estimate a fishery production function, we used ihe standard asgumption that catch i3 &
function of effort expended and fish stock, Tre simple functional farrk estimated was:
(7)

., = 0E

it itigh cHL

¥y T Oy
where
€., is coho catch (1G3 fish) in area i and time t
E., is effort (103 days fished) in area i and time 1

W., is coho stock {103 fish) in area 1 and time t

9 is the perameter to be estimated for area i, known as the catchability coefficient.
Washington troll fleet

Since the best data on effort for the Horthwest coast are those expended by the
the Grays Harbor

(WDF), we used data composed of days fished and catch by species in four coastal areas: )
area, the Quillayute area, the Cape Flattery area. and the Strait area. The data set was poo]gd with
estimates corrected for auto correlation in the time series and correlation between cross-section (see
Kementa, pp. 512-514)}, and the resulting equation is:

Z
2

.89 (8)

.89
36

Ct = 0135 EHt R
{13.36} adj. R
obs.

The estimated coefficient has the expected positive sign and is significant. Therefore, catch increases

proportionately with coho stock and fishing effort.

The relationship constructed to represent the dynamics of fishing effort s basically a partial
adjustment model for capital stock. Boat days fished are assumed to reflect the size and utilization of
the existing capital stock. [n addition, it is also assumed that fishermen will alter their capital
stock directly as the real value of current catch or the season length changes. The functional form
estimated is:

Eig = (1 - 850 Bj 3 q % 0454Vyy (9)
where
E;y and E; -1 2re the current and lagged number of days fished in area i, and
]
SY. is the current real exvessel value (1967 dollars) of total catch {coho, chinook,

Tt bink) multiplied by the total season length in area i. Value of tota) catch is
equal to number of fish caught times pounds per fish times rea) price per pound.

are adiustment parameters to be estimated,

The data on days fished used in the production function estimation are also used in this estimation. The
annual catch of pink, cobo and chinook, season lengths for each of the four regions and average annual
weight of the fish by species were found in PFMC. The Oregon prices were used to calculate the walue of
catch (ODFW) since Washington exvessel prices were not available. These prices were deflated by the
Consumer Price Index ICPI? to attain the real value of catch in 1967 dollars.

The results of the pooled estimation correcting the time-series auto-correlation, cross-section
neteroskedasticity and cross-sectional correlation are -

F= 518 E 4 NNNTAGY SV 72 (10)
{11.33) {6.82) adj. R*

obs.

3

Tl
at)

Fishing effort increases with the real value of catch and season length as expected. The estimated
adjustment coeffictent, (1 - .614), is .386 indicating that effort adjusts 38.6 percent of the difference
between current and desired effort in each period.,
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Demand relationship

Although various medels have been estimated for canned and fresh sz'mon by ot-er researchors, Wo Cn0se a
price dependent mode! based on the assumption that current price depends on curvert cuantity and otrer
current variables and also lagged variables. That is,

Py = fUX K yse e kepe 2o lpqe oo lyag) (11)
where

Pt = price in time t.

xt-j = quantity demand in t-j, 1 = 0,....0.

zt-j = gther variables (i.e., income} in t-j, j =0C,....r.

The Yagged variables are proposed because of institutional structure in the cshe market such as time
needed to adjust contracts and the influence of inertia and habitual behavicr on the part of fish buycrs.

The particular form of the lag was assumed to be the familiar geometric lag. After making the usual
transformation {Maddala), the resulting equation used in estination is:

PC, = wll-c) + oPCy | + B0y ¥ BoPT, + Ba¥y + vy {12}
where
PC,., PC is the U.5. real exvessel price of coho salmon in ¢ and t-1, respectively (1967
t t-1

dollars),

Cy is the U.S5. coho landings in t (lD3 pounds),

P1t is the meat, poultry and fish price index divided by one hundredth of the CPl {Base
year 1967},

Yt is the real dispesable income for the V.S, in t {1967 dollars x 106),

[ is the parameter which measures the rate of decay, and

Yo U - U g

With this model, there are autocorrelated errors and the tagged variable PC, , is not independent of wv,.

This means the ordinary least squares estimates are biased and inconsistent. The appropriate estimation
technique $s generalized least squares which ylelds unbiased, efficient and consistent estimates of the
parametiers,

Anrual data {1950-1981) for: the average annual domestic nominal and real prices of coho; the meat,
poultry and fish price index (MPFI); the Consumer Price Index {CPI); real disposable ircome; and the
United States landings of coho were obtained from U.S. Department of Commerce {variocus years). The

estimated lagged linear demand function is:

1 " .OUGGGZGECt + .00393P1t + .00408 e Rg
{-2.45) (2.33) (-2.21} (z.84) {3.82) adj. R
nhs.

pC, = =358 + 377 PC

. .85 (13}

.82
3

The parameter estimates have the expected sign and all are significant at the 0.5 Tevel.

The resylts indicate that the aggregate short-run price elasticity of demand for coho is -3.62 at the
means. Other studies of the demand for salmonid species have found elasticities in a range fram -3.94 to
-9.68 for fresh/frozen product (DeVoretz, Quierclc and Johnstion, Swartz) and from -1.47 to -12.92 for
canned salmon (DeVoretz, Wang}. Most of these studies are at the wholesalte, not tha exvessel, level.

One would expect the elasticity to be somewhat Tower at the exvessel level than at wnoiesaie,

The estimated short-run income elasticity was 2.63 at the means. The income elasticities estimated by
. DeVoretz range from 1.17 to 9.80. The short-run cross-price elasticity of demand for coho was found to
“be £.35 at the means.

"Qpifiization!Sinu1atiun Resylts

f:fhé.ibﬂﬂﬁ estimated subsystems were combined in an optisization/simulation nodel in order to evaluate

" . : various. interrelationships between private aquaculture, public aguaculture, and the commercial fishery.

P--fer'tﬁe results presented here, we analyzed three different scemarios. In the first base case scenario,
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we assumed that public policies are chosen to maximize the profits of commercial fishermen, g1ven_the _
estimated recruitment relatignships for natural and agquacultured coho, the catch produc@1gn relationships
and effort dynamics, and the demand relationship. The second case examines optimal policies for the
aquaculturist and the third case examines a jointly optimal solution.

s fishermen as the principal group uf concern in_the
cohe fishery. Both puhlic and private katchery releases were fixed at current levels and then a time
path of effort (fisning days} was chosen using a nen-linedr pragramming algorithm to“max}mrze the present
value of fishermen profits, The results are presented 1n Table ! and figures 2 and J. .?ee AP;endlx for
variable definitiaons and agronyms.) Qualitatively, the optima’ fpresent-value max1m1z:n9;_;g1:cy follows
patterns suggested by standard canital-theoretic work in righeries economics; namely an initial )
investment phase in which harvests are kept low and escapement ig increased, fn1i0wed by a harvesting
phase near the sustainable yield associated with tme new nigher ctock levels. [There is alsod
disinvestment phase in pur results due to the necessity of crozsing 3 terminal stock level in a finite
harizon problem.} Overall, the optima) policy selutions for this sinuiation thus mirror the "catemary
turnpike” properties discussed for example, Tn Cark, 1976 Clerk and Munra, 1975; and Witen, 1984.

In the base case, we simulated a scenarip which ha

ns suqggested by the model .
the results presented here are
the ranges associated with

Of particular interest are the steady state or longer-ters ranificatic
Although we have not run these simelations cut over extended periods,
sufficient to qauge the lang run tendencies. Table 2 compares, ¥or eianple, d
the stock size, Fisaing effort, catch and escapement for different discount rate and cost assumptions.
Again, as theory would suggest, as the discount rate increases, the pptimal solution tends towards a
smaller stock level and consequent smaller recruitment {catch plus escaperent},

0f equal interest are some of the other price variables sssociated with the optimal policy §img1ation
presented in Table 1. For example, the variables 2, ppp. and npg 278 dynamic Lagrange multipliers

associated with the production functien, the natural coho fish stock (RN) and tne price of coko (PC)
respectively. These yield the marginal value to the objective function of marginal changes in the

constraints. For example, RNt woasures the itncrease which could be gained [in 1367 present valye

dollars) if the coho stock could be increased by a unit in time neriopd t. The varizble 1ncreasgs durfng
the investment phase when extra units of stock have high payoffs and then decreases as the terminal time
is approached. The value of ppe refiects d similar pattern.

As a comparisen case to the commercial fishery optimization problem, we examined a second scenaric where
the aquaculture firms are assumed to pptimize their returns by choosing 4 smolt release policy. Our
findings here are particularly revealing because they illustrate precisely the types of potentidl policy
conflicts aliuded to earlier. In particular, under current conditions, aquaculturists appear to be
“bound up" by the activities of the open access commercial fisheries. Ffor example, under the assumption
that public hatchery releases and season length restrictions are held at current levels, the profit
maximizing private smolt release policy is actually one which does not even utilize the fifteen periods
alloted in our base case runs. As Table 3 shows, the aquaculture Tndustry initially follows a pattern
{much like the optimal "jovestment" pelicies discussed above for the commercial Fishery) which builds up
the run sizes of aquacultured fish. However, since fishermen harvest these mixed stocks and also respond
to increased profits through entry, they ultimately {in this ccenaric) increase effort and harvest rates
on aquacultured fish to the paint where the aquaculture industry is affectively driven out of business.
Note that this is the opposite of the more typically-voiced fear regarding fishing in wixed stocks; in
this case it is the artificial stocks that are driven to {economic) extinction by mixed stock harvesting.

From the point of view of the aquaculturist, the above scenario is one which is nat tcontrollable™ in the
sense that feasible choices don't admit a wide range of outcomes. for example, if {for some reason} the
aquacultturists wished to ctimslate commercial fishing effort, smolt releases could be increased but the
density effects together with the small proportion of aquacultured fish in the total would severely
constrain the potential impact. On the other hand, if they wish to decrease effort, again the smal)
proportion of aquaculture in the total 1imits the potential. What is needed (again fram the perspective
of the aquaculturists) is some method of reducing comercial effort on the mixed stocks and hence on
aquacultured stocks., Our calculations fn this simulation show, in fact, how much a margimal decrease in
season Jength would be worth to the aquaculture industry. The last column in Table 3 expresses the loss

(in 105 present value dollars) associated with a unit {in IDE days) increase in the season length above
105 days in that year along the optimal path. As can be seen, the cost of the margin is as high as
$9,300 per day and this represents an externality cost associated with the commercial fishery operating
an the mixed stock,

An interesting question in the spirit of our externatity framework i5 wWnat seesun Tenghh the zquacultyrs
tndustry would choose to allow if they were to control fisheries policy. A bit of reflection suggests an
obyious answer; namely that aguaculturists would prefer Fishing effort on their own stocks to be zero
<ince everything taken by fishermen is lost to aquaculture, Suppose, however, that fishermen agree to a
reduction- in their season length 1f they are compensated for the loss with a payment of, for example,
$10,000 per day for every day reduction balow 105 days., Im effect this is allowing the aquaculture
sector to.cinoebsate the commercial fishermen to reduce their externality - producing behavior - much
Tike a poliution reduction bribe 1n 3 two party externality problem. Table 4 and Figure # show the
vesults for this scemaric. Two things are importast. First, from the point of view of the aguaculture
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Table 1. Commercial Fishery Frofit Maximization
{r = .05; KE, = 110 $(1967}/day; Cng = 1.4 x 106 cohp equivalents]
Present Yalue of Profit = 18.74 x 10" 1967 dollars
Exgpgenous Endogenous
State —_ — Control —_————_— : State _
Year RN RH RAH E YC C Fs v 3 “RHE e
1980 528 .179 .078 . 0585 1.72 .619 165 3.24 3.24 J7an 151
1981 477 .205 .231 .0 M .0 L3413 3.37 3.59 .43 431
1982 .680 105 185 R 0 L0 .81 1.48 3.31 z.54 1.06
1983 J138 i 1 L0035 .116 .48 .49 3.58 3.07 2.53 z.55
1984 1.19 e .1 L04% 1.93 .938 .49 3.65 Z.96 2.47 Z.55
1985 1.26 .z 1 .0524 2.085 1.13 J46 3,73 7.88 Z.46 7.47
1986 1.27 .2 .1 .0833 2.13 1.13 .44 3.B3 2.82 2.45 705
1987 1.1% .2 1 0512 1.97 1.00 .45 3.94 .75 2.43 2.10
1988 1.13 .2 .1 0515 1.97 .996 A3 4,05 .71 2.42 2.02
198% 1.12 .2 A .0519 1,98 . 995 243 4.16 2.65 2.45 1.97
1990 1.12 .2 A L0527 2.01 1.M Al 4,27 2.59 2.43 1,96
1991 .11 2 1 L0532 2.02 1.01 4D 4,39 2.53 2.7 2.08
1992 1.11 .2 .1 0664 2.51 1.26 15 4.50 2.47 .68 1.80
1993 1.10 .2 .1 D663 2.50 1.25 13 4 62 2.42 .10 1.76
1994 1.09 .2 N 0683 2.49 1.24 (18 .74 2.37 72 J7E
199 .7%
1995 .75
1997 .75
1300,
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Figure 2. Fishing Effort fng Profit Maximizing Figure 3. Natural Coho Recruitment for Profit

Ocean Fishery {10

tro11 days)

prle 2. Swummary of Long-fun Optimaliy Managed Coho fishing

Maximizing Dcean Fishery f10* fish)

feal

B30-835

ek ¥ Beal Cost Natural Tro11 Equiv. Coho Escapement:
.. Discount . per Unit Effort Cohg Stock Fishiag Effort Cohg Catch Naturatl, Pgblic, Private
¢ Rate - (1967 §/troll day) {107 fish} (10~ days) (103 fish} (103 fish)
: 110 1050- 1060 54 5-54.9 1010-1030 350-370
o110 1080-1090 §3.2-53.7 1000-3020 330-410
- 110 {116-1120 51.3-51.8 995-1000 440-460
-9 §1.3-61.8 948-953 195-200




Table 3. Aquaculture Profit Maximization

|[|.(5t = 825 ${1967)/1b.; Density Coef, = -2.36;3 CHIt = 1.4 x 106 coho equiv.s r = .05, constant

season)
bresent Yalue of Profit = 1.55 x 106 1967 dollars

Fndogenous

State Exg. State State . - control Exo. State
Year RN RH RAH E ¥ £ ES  FP AT 5 PC 3 gy PRAM PPC RGg
1980 .528 .78 078 .0585 1.77 .62 .16 .06 63 1,15 3.Ed n .47 .68 -.29
1981 .4a7; 205 079 0487 1.42 .50 L26 .027 135 t2 3.34 -8 -.43 0 .93 -.28 -.6l
lss?  .eB0 .105 .147 0812 1.30 .52 J41 L0653 _164 105 3.45 -.p0 -.4C 1.08 .28 .74
1983 .738 .2 167 .0362 1,225 .54 .57 . 085 V180 L o5 3.55 -0 -3 1.16 -.29 -.82
1984 878 .2 ‘176 .0332 1.19 .56 .69 .09 e 1.05  3.55 -.76 3 1.17 -.29 .87
1985 1.076 .2 180 .0320 1.723 .63 .83 .102 191 1os 3.1 -.79 -.31 L.1b ..28 -.93
1986 1.136 .2 182 .03 1.25 .65 &7 104 192 105 3.8 -.76 -.28 1.1¢2 -.26 -.91
1987 1.196 .2 ‘183 .0376 1.31 .69 .89 .1 .190 165 3,95 -.70 -.23 1.0 -.23 -.89
1988 1.242 .? ‘187 .03a4 1.40 .75 .87 .09/ 186 1.05 4.0 ~-.6: -.17 .96 -.19 -.B4
198% 1.2%3 .2 180 .0371 1.5z .82 .81 .0%0 7 105 4.6 -.5¢ -.11 .85 -.15 -.7%
1990 1.259 .2 ‘175 .odoB 1.67 .90 .73 073 153 15 4.27 -.40 -.06 .72 11 -.ed
1991 1.7%58 .2 166 L0457 1.86 1.0U .67 .064 REE 1.06 4.29 -.28 .0 57 -.06 -.50
1992 1.247 .2 ‘147 .0518 2.09 1.11 .48 .DA4 ‘ogn  1.05 4.51 -.16 .0 A0 -.02 -.33
1993 1.228 .2 057  .0589 2.33 1.21 .32 .020 i 105 4.63 -.07 .0 24 .0 -.14
1994 1.198 .2 0 P59 2.45 1.24 (15 .0 - 1.05 4.75 0 o o .0 .0
1695 1.134
1996 1.020
1997 80D

Table 4. Aguaculture Profit Maximization: Season Control Cost 10,000 ${1957)/0ay Less Than 105
(Ks, = .825 $(1967)/1b.; Density Coef. -2.365 CHI, = 1.4 X 105 coho equiv.: r = -0
bresent Value of Profit = 1.86 x 10° 1967 dollars

Endogenous

state Fxo. State State Control Control State
fear RN RH RAH E YT C ES EP SAP 5 PC A St PRAH  °PC
1980 .528 .178 .078 0585 1.72 .62 164 .0l6 .82 1.15 3.4 0 -.42 .B1 -.28
1981 .477 205 .099 .048C 1.41 .51 271 035 .143 1.12 3.3 -.50 -.35 1,07 -.26
1982 .680 .105 .152 .9404 1.28 .51 427 .06% Ji71 1.05 145 -4 -.25 1.25 -.23
193 .738 .2 J171 .o03se 1.21 .53 .579 .08% .192 1.05 3585 -.72 -.23 1.43 -.17
1984 .BA9 .2 187 .0315 t1.14 .54 73] 105 L210 97 3.65 -.70 -.,22 1.65% -.11
1985 1.082 .2 191 .0279 1.06 .54 933 121 .220 .81 1.75 -.686 -.20 1.75 -.08
1986 1,140 .2 195 .0236 .935 .49 1.04 .133 .22b .81 38 -.65 -.20 1.82 -.07
1987 1.207 .2 197 .0211 .856 .46 1.14 .141 .23 .81 3.97 -.67 -.19 1.B6 -.06
1988 1.264 .2 199 .0194 .801 .44 1.22 .147 .233 .82 407 -.69 -.19 1.84 - D6
1989 1.72384 .2 _199 .0186 .B6Z .42 1.26 .14% .234 .86 419 -.72 -.18 1,79 -.07
1990 1.300 .2 200 .0189 746 .43 1.37 .1ag 733 .82 a.30 -.71 -.13 1.67 -.07
1991 i1.311 .2 .199 .czo8 875 .48 1.23 .143 .230 1.00 4,87 -.o0 -.05 1.2l -.0¢
1992 1.31% .2 .198  .0246 1.03 .57 1,14 132 .225 1.05 453 -53 .0 1.34 -.03
1993 1.316 .2 197 .0248 1.2 .57 1.14 .118 .216 1.05 465 -.33 .0 1.13 .0
1994 1.312 .2 J193 .0369 1.5 .85  .B5S .097 1.08 477 -.15 00 .0
199% 1.302
199% 1.286

1997 1.256

13%




Ocesn Fishery Only
Coop.

Aquaculture Only-Fixed
Seagon

Aquaculture Onliy-
Compansatien to
Fishetmen

Smo]t Release
113 1bs.)

Percent Returns Spawned

Figure 4. F15hmg gffort Cogp. vs. Ocean Fishery Figure 5, Smolt Release and Percent of Returning
Only | troll days) Adults Spawned Under Cooperative
Management
Table 5. Cooperative Commercial Fishery/Aquaculture Profit Maximization
(KE = 110.0 ${1967)/day, KBS, = 10.0 ${1967)/adult spawned; Density Coef, = -2.36;
CH[t 1.4 x 10° coho equiv.; r = .05}
Present Yalue of Profit = 21,40 x 106 1967 dollars
Endogenous
State Exp. State Control ———emm o Control Endo State
Year RN RH RAH E ¥C C ES £p B SBP e X °RN SpaH opC
528 .179 .078 .058s  1.72 .62 .164 016 1.0 3.24 3.24 U571 3.09% 449
AT? 20 23 L0010 L0316 .0l .90 228 L0881 3,37 3.20 2.1 2,98 .582
L6B0 106 (185 .0010 3331 .013 .96 182 .10 L1192 3,48 3,14 2.33  2.90 1.G7
L7381 .185 G010 L0327 .0B4 1.01 .1BZ2 .10 222 3,58 3.07 2.36 2.83 2.39
1.189 .1} .196 L0449z 172 .89 .60 .079 .24 .21B 365 2,96 2.2 2,77 2.45
1.259 .1 L196 .D4g? 1.94 1.02 .54 067 .28 218 3.74 2,88 2,29 2,72 2.3%
1.273 .1 197 . D505 2.02 1.07 .50 .063 .30 .228 3.83 2.82 2.27 2.66 2.17
1,193 .} 197 .D450  1.91 .99 .50 067 .29 228 31.94 2,76 2,27 z2.,60 2,07
1.168 .2 .198 0494 1.91 .98 A9 066 .29 227 4,06 2.71 2.27 2.54 1.98
1.154 1 .15%8 L0490 1.89 .96 .49 (067 .29 .233 4,16 2.64 2,40 2.47 1.9
1.153 .1 .198 L0501 1.93 .98 .47 004 )] 230 427 259 2,36 z2.41 1.97
1,144 ) .199 L0507 1,95 49 45 (063 A .233 4.39 253 2,32 2,37 2.13
1.144 1 .199 0667 2,56 1.30 .14 .020 .80 230 4,50 2,47 54 1,33 1.86
1.133 . .199 L0666 2.46 1.29 .14 020 - .234 4,62 242 57 D 1.32
I.124 .1 200 06685 2,36 1.26 .16 .020 - 192 474 237 59 D Q77
50
- J50
.750

13



industry, their destiny is now "controllable” in the sense that it is possible to stay in business
indefinitely and achieve a steady-state smolt release plan. This reguires that season length be reduced
to a level near 80 days, at which level the aguaculturist can release slightly aver 230,000 smolts {about
25% above the previous scenario). Second, even with a relatively stiff payment made for reducing
commercial fishing effort, the present vaiue of the aquaculturists profits in this new scenario are
higher than in the first scenario. This is the case, of course, precisely because of the cost of the 105
day minimum season on the aguaculturists. By controlling season length, aguacul turists are able to
undertake a more flexible smolt release policy which is more profitable even after the charge is paid.

that fishermen and aquaculturists
This scermarig is not necessarily
ted hatcheries and it is an effective
g the conflicts between decision

As a final scenarip, we ran a simulation in which it is assumed
cooperatively manage both ventures to maximize joint profits.
gnrealistic; Alaska currently has several ceoperatively opera
institutional mechanism for internalizing externalities and eliminatin
units,

Table 5 and Figures 4 and 5 reveal the optimal joint profit maxinizing solution. As ane would expect,
Fhe optimal cocperative policy lies somewhere between those already examined. Fishing effort is
initially reduced to a minimum to let matural stocks recover and agquacultured stocks are likewise
increased as fast as possible, When the steady-state path is reached, 7t is characterized by a higher
level of the natural and aquacultured stocks and of recruitment. Commercial catch is lower because 0cean
caught fish have a lower shadow value than their counterparts from aquaculture facilities.

Summary and Conclusions

ﬁ§ discussed in the opening section, aquaculture has the potential to be a very important force in salmon
fisheries over the next several decades. Most large-production countries have untapped potential but
only a few operating facilities {general public} whereas Norway and other smaller producers appear poised
to challenge these dominant forces in the market with large gxpansions in private aguaculture.

For various reasons, there has been considerable resistance to private salmon aguaculture in North
America. Part of the resistance is due, very simply, to fears over possible increased competition in the
market place, fears over the big-business nature of aguaculture, and fears over potential loss in
political contro)l. Where reasoned argument takes place publicly, the discussion often centers on the
externalities which wouid be suffered by commercial fisheries as a result of growth in agquaculture.

of interaction in the one region in North America where

private aquaculture has come into conflict with commercial fisheries. Statistical analysis presented
here and elsewhere (see Anderson, 1983 and Anderson and Wilen, 1984) suggests some evidence of density-
dependent interaction between hatchery production and natural production, but it appears that crowding in
the rivers and at hatchery release points during the smolt phase is far more importaznt than ocean
impacts. What are probably most important, however, are mixed stock effects associated with commercial
fishing on aquacultured stocks. Our analysis shows that poticies directed at controlling commercial
efforts can spell success or failure for aguaculture as well as the commercial fishery. Table & below
summarizes present values associated with several scenarios examined here.

This paper presents some analysis of these points

Table 6. Present Values of Simulated Policies

Present Yalue {1[}6 1967 S)

Scepario Policy Commercial Fishery Aquaculfure
A 6mnpercia1 Fishery Effort Unconstrained and 18.74 NA
Maximization Chosen Optimally
B Aquaculture Maximizes 105 Day Season; Smolt 15.23 1.5%
Profits Release Chosen Optimally
C Aquaculture Maximizes Smolt Release and Season 10.45 1.86
Profits Dptimally Selected;
Faywent for feductien
D Cooperative Smolt Release and Effort 21.40
Optimization Chosen to Maximize Joint
Profits

These values are useful in putting some bounds on what ts at stake in the aquaculture controversy in
Oregon. Two things are evident from these results. First, it is obvious how important policy is to both
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industries. Season length and natural escapement nolicies are particularly critical and public hatchery
releases also play a role. Second, the ine“ficiencies associated with the current regulatory structure
are large in absolute magnitude and even large relative to Josses which might occur a@s a result of sonme
loss of control to aguaculturists.

Currently the principal contro}l exercised in Pacific Coast salmon fisheries consists of seasen length
changes {and area restrictions). The management structure has basically evaTved into one Tn which
capacity changes {fostered by higher abundance, prices, etc.) are met by season length changes wnich
preserve some target escapement levels, Thus scenario A, in which effort is choser optimally to maximize
present values, i3 not evern close to the real base case. In fact, even case 2 i5 gwerly optimistic as a
base case for fishermen since aquacultured fish are added to the returns from the natural stocks. Over
the horizon examined, for example, privately aguacultured recruitis range hetween 15 and 23 percent of
total recruits and hence total commercial catch. As a rough guess, then, if about 18. ¢f the commercial
fishery's profits are associated with private aguaculture, its no-aquaculture base case present value

profits would actually be around 12.49 x 106 1967 dollars. If escapement policies are not able to
restore natural stocks to higher levels as fast as this scenario assumes, present values would be even
lower.

In sum, then, with no private aquaculture and continuaticn of past escapement policies, the present value
of commercial fishing profits would be lower than 12.%9 miliien dollars and probably lower than 10,0
million 1967 dollars. If the fishery were tatally controlled by the aguaculture industry but with some
side payments for excessive season length reductions, fishermen could conceivably be slightly better off
and aquaculture profits would be araund 2 million dollars (case C). With a reasonably gradual {four or
five cycle) build up tn natural stocks coupled with 4 fixed season and profit maximizing smolt release Dy
aguaculture {case B} fishermen could realize over fifteen million dollars, about 18% of which is due to
aguaculture. Finally, if the fishing industry could ever agree to bite the bullet and engage in a rapid
buildup of natural stocks by clpsing the fishery for two cycles, a present value close to 19 million
without aquaculture could be realized and over 21 million in a cooperative institutional arrangement.

Perhaps more interesting than these quantitative comparisans s the 17ght shed an the conflicts between
aquaculture and commercial fisheries mentioned earlier. What we have shown is that there are {obviously)
paints of conflict between the two groups. We have focused on the mixed stock problem, in particular,
and have shown that the aguaculture industry needs to reduce season length below current Jevels to be
able to even initiate a sustained industry. On face this is cause fer fishermen to be wary of
aquaculture growth. Paradoxically, however, if the aquaculture industry were successful in influencing
policy to support their objectives, fisharmen could also be better off in the long run if they were
either compensated for season reductions or if they were allowed to increase effort after artificial
stocks were built up. This is the case because there are very Targe gains to be made by reducing effori
in the short run and building up natural stocks at the same time. Thus in the final amalysis, the goals
of these two groups (though different} may support the same policies {assuming mechanisms for
cooperation/compensation can be devised) and the conflict may nat be as serfous as has been helfeved.

Appendix

Table 1A. Definition of Variables and Associated Assumptions Used in the Control Problems

Rﬁt is the recruitment of natural ccho in year t (105 fish).

RHt is the exogenously determined recruitment of public aquaculture coho in year t (106 fish).
RAHt is the recruitment of private aquaculture coho in year t {106 fish).

CHIt is the proxy stock of chinook in year t (lEI6 coho equivalents). This variable is exogenous and i5

held constant at 1.4 x 106 coho equivaleats. The coho equivalent is determined by chinook stock
proxy times the average ratio of chincok/coho weight ratio times the averige chinook/coho per
pound price ratio. The average chinook stock {1971-1982) i5 assumed to be approximated by average

catch of Dregan coastal, Crescent City, Eureka and Fort Bragg, chinoock which is 0.500 x 106 fish
{PFMC, 1983). The comstant stock proxy was assumed to be representative since the chinook stocks
have been relatively stable over the last decade. The average 1971-1982 chinook/coho weight ratio
s approximately 2,031 the average 1571-1982 chinook/coho per pound ratio is 1.4 (PFMC, 1982).

Et is the fishing effort in year t {1[]6 days fished).

{s the real price of coho in year t (1967 doilars/pound).

is the season 1eng§h in year t (102 days). It is assumed that Oregon/Northern Calffornia regional
season for 1980-1982 is an average of total mean season tength north of (ape Falcon and south of
Cape Falcon,

€, s the cobo catch in year t (10% fish}. €y = 13.5 E (RN, + RH, + RAH ).
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is the coho eguivalent catch in year t (106 fish). YCt is endogenously determingd by the fishery

YCt
production relationship:
th =13.5 Et fRNt + RHt + RAHt + CHIt}.
ES,  is the escapement of adult coho (natura), public aguaculture and private aquaculture) in year t
(10% fish). 1t is endogenousty determined by:
ES, = - -
St RNt RHt + RF{Ht Ct.
EP,  §s the escapement of adult cofo to private aquaculture sites (16° rish}. EP, is endogenously

determined by:

EP, = RAM, - 13.5 £, RAH.

SAPt_1 is the private smolts purchased for retease in year U-!1 {105 pounds ).

KAPt_1 is the real cost per unit of smolt released in year t-1 (1967 dollars/pound), It is assumed that
there are 16.5 smolts per pound. The cost used was 0.825 1987 dollars/pound (2.25 1981 doliars/
pound), this is equivalent to 0.05 1967 dollars/smolt {0.136 1981 dollars/smolt}.

r is the real discount rate and i$ assumed toO be 0.05 per annum.
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