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Abstract

In protection of fisheries resources, whales, and other marine mammals, the US has

used the threat of trade sanctions to force changes in environmental policies of other

nations. Nations threatened with trade action must assess the credibility of a threat to

impose substantial costs on the economy. The credibility of a threat will depend on the

ability to divert sanctioned exports to other markets, the price impact of such diversion,

and the time required for the diversion to take place. Using as an example the 1993 US

threat to impose trade restrictions on imports of fish from Norway as a result of Norway's

decision to re-commence commercial whaling, this paper provides an example of a formal

assessment procedure to empirically examine the credibility of threatened trade action.
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1. Introduction

Threats of trade actions are a fact of life in international relations. While

international trade law, through institutions such as the WTO and regional trade
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organizations, puts limits on the abilities of nations to costlessly act upon their

threats, there are no international disciplines on the ability of nations to threaten

the imposition of trade barriers. While the threat of trade actions may take many

forms and arise from a multitude of circumstances, their primary objective is to

induce the nation threatened to alter a policy or practice. When faced with the

threat of a trade action, a nation must assess whether the threat is credible. A

credible threat is one that will impose a level of costs on the economy sufficient

to induce it to comply with the threatening nation's wishes or, more realistically,

to enter into negotiations to find an acceptable compromise.

Assessing the credibility of a threat has three aspects: (1) does the threatening

country have the political will to carry out its threat? (2) does the threatened trade

action impose sufficient costs on the economy to make the current policy or

practice untenable?, and (3) does intenational trade law provide protection against

the threatened trade action?

Sabre rattling is a cheap activity for politicians and often plays well for

domestic interest groups and the electorate. Acquiring the wherewithal to carry

out the threat, however, is seldom a costless political activity. Moreover, it must

be determined whether the economic costs imposed on the offending nation will

be sufficient to induce the desired result. Having a country ignore a trade action

with impunity is likely to impose political costs on those who supported the trade

action. International trade law becomes a moot point if no credible economic

threat arises from the threatened trade action.

Assessing the credibility of a threat starts with an economic assessment. In

some cases, this assessment is simple Ð if exports to the threatening country are

small relative to the total export market for the threatened country's goods, then

the threat has no economic credibility. The question is much more complex when

the markets in the threatening country are an important proportion of the total

market for the threatened country's goods. It may well be that even in this case, the

economic threat is not credible because exports can be switched to other markets.

Of course, the length of time required for the diversion to take place and possible

price impacts might impose unacceptable costs on the economy over the period of

adjustment. The ability to divert exports to alternative markets and the speed with

which diversion can be expected to take place are empirical questions. Recent

advances in time series econometrics provide the means to conduct a formal

assessment of the economic credibility of a threatened trade action. The ability to

undertake formal assessments is clearly important for both the threatened country

and the country making the threat. This paper provides an example of a formal

assessment of the economic credibility of a threatened trade actions.

One of the areas where the threat of trade actions has been on the rise is

protection of the environment. Nations, particularly US, have attempted to induce

changes in environmental policies and practices of other nations through the threat,

and sometimes implementation, of trade actions (Charnovitz, 1993). One area

where the US has been willing to use the threat of trade actions in response to

environmental concerns, even when the threatened trade actions appear to be in
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clear violation of the GATT, is the protection of fisheries resources, whales, and

other marine mammals. A notable case was the import embargo on Mexican tuna

imposed by US to induce Mexico to alter tuna fishing practices (United States,

1991). The 1991 GATT Panel report, which upheld the Mexican position, is

credited with creating a `̀ trade-and-environment industry'' which seeks to have the

US government ignore its GATT commitments when issues concerning interna-

tional protection of the environment are involved (McDorman, 1991, 1995).

Trade actions, and particularly, threats of trade actions, appear to be an integral

part of US environmental policy in the international sphere regardless of whether

they are within the letter or spirit of GATT obligations. As a result, nations need

to be able to assess the credibility of these threats. This paper proceeds by

reviewing the use of the threat of trade actions by the US in cases relating to

fishing, whales, and other marine mammals. The economic credibility of one

recent threat Ð the 1993 US threat to impose trade restrictions on imports of fish

from Norway as a result of Norway's decision to re-commence commercial

whaling in the face of an International Whaling Commission moratorium on

commercial whaling Ð is then empirically examined. The US threat is deter-

mined not to have been credible. The usefulness of the methodology for

examining the credibility of other trade threats is discussed in the conclusion.

2. Environmental protection and threats of US trade actions

Concerns for marine mammals Ð particularly whales and dolphins Ð and

some fish species have led US legislators to enact laws designed to utilize US

economic power to force other countries to adopt conservation and management

practices which the US deems as appropriate for these species. In terms of

threatened trade actions, seven US laws are particularly important: (1) the Pelly

Amendment (Pelly); (2) the Packwood±Magnuson Amendment (PMA) of 1979,

an amendment to the 1976 Magnuson Fishery Conservation and Management

Act (FCMA); (3) the Driftnet Impact Monitoring Assessment and Control Act

(Driftnet Control Act) of 1987; the Driftnet Act Amendments (Driftnet Amend-

ments) of 1990; (5) Section 101(a)(2) of the Marine Mammal Protection Act

(MMPA); (6) 1990 amendments to the MMPA (1990 MMPA); and (7) a 1990

amendment to the Endangered Species Act (ESA).1 The nature of the trade threat

1 Pelly Amendment, Pub. L., No. 92-219, 85 Stat. 786 (1954) (codified as amended at 22 USC. x
1798 (1988), an amendment to the 1976 Fisherman's Protective Act of 1967, 22, USC. xx 1971±1980

(1988). PMA of 1979, 16 USC. x 1821, (e) (2) (1988). FCMA, 16 USC. xx 1801± 1882 (1988).

Driftnet Control Act of 1987, Pub. L., No. 100-220 xx 4004±4009, 101 Stat. 1477, 1478-80. Driftnet

Amendments of 1990, Pub. L., No. 101-627, x 107, 104 Stat. 4436, 4441. MMPA, x 101 a(2), 16

USC. x 1371 (a)(2) 1988. MMPA Amendments, Pub. L. No. 101-627, x 901 (g), 104 Stat, 4436, 4467

(1990). Conservation of Sea Turtles; Importation of Shrimp, Pub. L. No. 101-162, x 609, 103 Stat,

1037, 1037-38 (1989). ESA, 16 USC. xx 1531±1544 (1988).
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embodied in each of these acts is outlined in Table 1. The laws tied to the Pelly

Amendment give the President discretion in imposing trade sanctions. The other

laws mandate the imposition of trade sanctions. It has been argued that none of

these laws are consistent with US GATT obligations (McDorman, 1991).

The question of whether US laws which impose trade sanctions in the case of

fisheries, whales, and other marine mammals are consistent with obligations

under the GATT was never put fully to the test under the pre-Uruguay round

GATT dispute resolution mechanism. Further, the discretion regarding the

imposition of trade sanctions given the President under Pelly allows for a formal

period of threats prior to sanctions being applied. This formal threat procedure

has been used with considerable (but mixed) success by the US in achieving its

environmental objectives.

Under the Pelly provisions, the Secretary of Commerce certifies a foreign

country. Upon receipt of such certification, the President may direct the Secretary

of the Treasury to prohibit the importation into the US of fish products of the

offending country for such duration as he determines appropriate. The President

is required to notify the Congress of any action taken by him within 60 days

following certification (Martin & Brennan, 1989). Hence, the US has two

Table 1

Trade threats embodied in US legislation

Act Species of concern Products threatened Nature of threat

Pelly fish fish or fish products presidential decision to

reduce or prohibit

imports from countries

diminishing the

effectiveness of an

international fishing

conservation program

PMA whales fish or fish products invokes Pelly

Driftnet Control

Act

salmon and

dolphins

fish or fish products invokes Pelly

Driftnet

Amendments

salmon and

dolphins

fish or fish products invokes Pelly

MMPA dolphins tuna requires trade sanctions

on imports of tuna

harvested in ways which

lead to the taking of too

many dolphins

1990 MMPA dolphins fish (emphasis on tuna) mandatory imposition

of import embargos on

fish caught using high

seas driftnets

ESA sea turtles shrimp mandatory embargo of

shrimp from countries

whose harvesting practices

are not comparable to

those in the US
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opportunities to use threats against foreign countries Ð the threat of certification

itself and the subsequent threat of the imposition of sanctions after certification.

The US first used the Pelly Amendment to threaten Denmark, Norway, and

West Germany with certification over those countries' continued fishing of

Atlantic salmon (Martin & Brennan, 1989). The threat was effective and led to

the 1976 arrangement to end high seas fishing of Atlantic salmon. In November

1974, a Pelly certification was made by the Secretary of Commerce against Japan

and the Soviet Union for the taking of Minke whales in excess of International

Whaling Convention (IWC) quotas. Both Japan and the Soviet Union had

followed procedures allowed in the IWC and objected to the quota. As a result,

they were not in violation of the IWC when they chose to ignore the quotas. Again,

the threat was effective and both countries carried out measures to strengthen their

conservation regime for whales and to abide by IWC quotas (McDorman, 1991).

In 1978, Pelly certification was applied to Chile, Peru, and the Republic of Korea,

who were not members of the IWC, for violating IWC quotas. Again, the countries

were not in violation of their international commitments but the threat was

effective and all three countries agreed to join the IWC (Martin & Brennan, 1989).

Under the rules of the IWC, if a country does not agree with a policy adopted

by the commission, it is allowed to formally register an objection. Once the

objection is made, a country is not required to comply with the particular IWC

policy. In 1979, Spain was threatened with both Pelly and the PMA because it

had objected to IWC quotas. Subsequently, Spain agreed to comply with the IWC

quotas. In 1980, the Republic of Korea objected to an IWC resolution banning

the use of the cold harpoon. The US threatened with both Pelly and PMA and

Korea withdrew its objection. Taiwan was also threatened over reports of its

whalers exceeding IWC quotas. Taiwan restricted its whaling vessels to their

home port and subsequently banned whaling in 1981.

In 1982, the IWC established moratorium on commercial whaling to begin in

1985/1986. Japan, USSR, Norway, Republic of Korea, and Iceland were all

threatened with certification or certified in relation to the moratorium. In 1984, the

US threatened Japan with certification because Japan had lodged objections with

the IWC. Subsequently, Japan agreed to withdraw its objection to the moratorium

and to cease all commercial whaling by 1988. Japan then took advantage of the

IWC's provision that allows whaling for the purposes of research and continued

limited scale whaling. Again, while Japan was within its legal right under the

IWC, the US certified Japan under PMA (and therefore automatically Pelly). In

this case, however, Japan chose not to back down and the President decided not to

impose sanctions under Pelly.2 The threat was not effective.

Norway also objected to the IWC moratorium. On June 9, 1986, the Secretary

of Commerce certified Norway under Pelly. On July 3, 1986, Norway announced

2 Japanese fishing rights in US waters were, however, withdrawn under the PMA but the existing

allocations were too small to be an effective deterrent.
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a compromise and the President declined to impose sanctions. In 1986, the

Republic of Korea began whaling for research purposes. Following discussions

with the US where certification was threatened, Korea decided to suspend its

taking of whales for research. Threatened with certification, Iceland made a

number of concessions in its 1986±1989 plan for research whaling.

The 1972 MMPA was passed out of concern for the plight of species such

as whales, dolphins, porpoises, seals, walruses, and sea otters. A ban can be

imposed on imports of fish or fish products harvested using technologies that

lead to the incidental taking of marine mammals in excess of US standards.

The US has followed the approach of banning imports unless proof can be

provided that US standards are met. By 1987, eight countries had chosen to

comply with US regulations Ð Mexico, Spain, Panama, Venezuela, Costa

Rica, Ecuador, the Cayman Islands, and Vanuatu. In the early 1980s, import

bans were imposed on Congo, Peru, and Senegal whose vessels subsequently

ceased operations in contested areas. The regulations were tightened in 1988

and import bans on yellowfin tuna imposed or extended for Ecuador, Panama,

Vanuatu, Venezuela, Spain, and El Salvador. The Soviet Union, Spain,

Vanuatu, Venezuela, and Ecuador chose to conform to US regulations by

1990. Japan, South Korea, and Taiwan were threatened with the Driftnet

Control Act and eventually altered their fishing practices.

What is clear is that the US has been able to use the threat of trade sanctions to

induce other countries to comply with its wishes (McLaughlin, 1994). Given that

in most cases compliance was achieved without the imposition of trade sanctions,

this suggests that the countries under threat considered the threat to be credible.

The question is, however, how did they determine if the threat was credible? One

suspects that these assessments were based on a mixture of economic and ad hoc

reasoning but no formal assessment made.

Economic reasoning has also been used by US when deciding not to follow

through with a threatened trade action when the other country would not

succumb to the threat. The USSR objected to the IWC moratorium on

commercial whaling and was certified under the Pelly and PMA. The USSR

did not succumb to the threat and made no move to comply with the IWC. No

Pelly sanctions were imposed. In the report to Congress, the President reasoned

that a trade embargo would have little effect because most of the fish products

from the USSR that could be subject to an embargo would be highly market-

able elsewhere. Clearly, the US had concluded that the economic aspect of the

threat had no credibility.

3. Choosing to ignore a threat Ð Norway hunts the Minke whale

The decision by Norway to allow the resumption of commercial whaling in the

face of the IWC moratorium is rooted in Norway's long-term frustration with the

IWC and the ongoing use of trade threats by US. Norway has always strictly
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adhered to the letter of its IWC commitments and has been willing to pursue the

avenues for compromise provided by the IWC.

The IWC, in its constitution, is given the task of adopting regulations `̀ to

provide for the conservation, development, and optimum utilization of whale

resources.''3 The emphasis is on managing whaling activity. One basic principle

that gives the organization legitimacy is the scientific basis of its management. In

its early years, both the scientific basis of its management and the science it was

based on were clearly suspect as depletion of stocks continued through large-

scale commercial whaling (Caron, 1995). The apparent inability of the IWC to

effectively protect whales was the motivation underlying the PMA. Over time,

however, the IWC has been captured by nations that want whaling prohibited.

Norway, and a few other states, believe that the existing moratorium on whaling

has nothing to do with the scientific management of whale stocks and, hence,

contravenes the IWC constitution. Indeed, the IWC prohibits all whaling even

though the Scientific Committee has concluded that some hunting of Minke

whales would be sustainable. The original moratorium was to be temporary, to

allow for a scientific assessment by 1990. In 1991, the IWC accepted the finding

of its Scientific Committee that concluded that populations of Minke whales were

sufficient to allow an annual harvest of 2000 animals without endangering the

population. The IWC, however, refused to implement the proposals of the

Scientific Committee (Howton, 1994).

In 1992, the Scientific Committee recommended that based on a Revised

Management Procedure formula that catches of some species of whales could be

authorized. The IWC adopted the recommendations, but then voted to extend the

moratorium. Based on this decision, Iceland withdrew from the IWC. Japan and

Norway threatened to withdraw. More important, Norway decided to exercise its

legal right under the IWC to act upon its official objection to the moratorium

made in 1982. It announced that it would resume commercial whaling in 1993.

In 1993, the head of the IWC, Roy Gimball, stated that `̀ in all reasonableness,

we would have to say that a commercial catch could be taken without

endangering [Minke] stocks'' (Reid, 1993). Nevertheless, the IWC denied all

proposals for commercial whaling and again refused to implement the Revised

Management Procedure. Philip Hammond, the chairman of the IWC's Scientific

Committee, resigned.

Norway announced it would take 296 Minke whales in 1993, 160 of them on a

commercial basis, the remainder were to be taken under the research category.

Norway's decision to ignore the IWC moratorium and to resume commercial

whaling set off a storm of international protest. As anticipated by Norway, the US

used its normal tactics of first threatening Pelly certification and subsequently

certification itself in an attempt to have them change their whaling policy.

Norway chose, in this instance, to ignore these threats.

3 International Convention for the Regulation of Whaling (1946).
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Norway's decision makers were fairly sure that they could safely ignore US

threats on all three aspects upon which a threat's credibility must be evaluated.

The Norwegians did not feel that the US had the political will to actually impose

the threatened sanctions. They felt that their long-term status as friend and ally of

the US would prevent the imposition of sanctions. However, Norway could not

be sure that US political will would be lacking. The pressure put on Congress and

the President by the environmental lobby was immense. The environmental lobby

saw Norway's resumption of commercial whaling as a crucial test in its anti-

whaling campaign (Dornton, 1993).

Norway also felt that if sanctions were imposed by the US, it would win a case

brought to a GATT dispute panel. Norway had been extremely careful to follow

international law. Its right to harvest whales based on the objection to the

moratorium lodged with the IWC would, it believed, be upheld by a GATT

panel.4 While in the long run, Norway could expect vindication of its position at

the GATT this would take time and, hence, the short-run economic cost of the

imposition of sanctions could be large. Thus, while Norway may have felt that it

had a strong case at the GATT and that the political will in the US to impose

sanctions was lacking, these were calculated risks. If, however, the economic

costs of sanctions were expected to be low, they were acceptable risks.

Norway's fish exports to the US equaled approximately $70 million per year.

However, any economic projections regarding the real cost of the sanctions were

purely speculative. In any case, the Clinton administration chose not to impose

trade sanctions on Norway. In the letter to Congress, President Clinton explained

that the US' objectives could be best achieved by `̀ delaying the implementation

of sanctions until we have exhausted all good-faith efforts to persuade Norway to

follow agreed conservation measures.'' President Clinton did, however, make

one more implicit threat by asking that a list of potential sanction items,

including Norwegian seafood products, be drawn up.

4. The economic credibility of the US threat

When does the threat of trade sanctions have economic credibility? The short

answer is: When the economic cost of the trade sanction exceeds the benefits

received from continuing the policy or practice at which the threat is aimed. As

this requires a political trade off between those who lose and those who gain,

little can be said objectively, and this paper does not seek to address this question.

One might ask, however, when is the economic cost likely to be large?

The expected economic cost will be largest for the sanctioned country when

all of its exports of the targeted commodity are exported to the country

4 Of course, the US could have opposed the striking of a GATT Panel and prevented the adoption

of a GATT Panel report.
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threatening the sanctions and when the sanctioned country has no alternative

markets for the targeted commodity.5 If these conditions are met, the entire cost

of the sanctions must be absorbed by the sanctioned country.6 This is an extreme

case, however, as most countries have diversified export markets. For the

sanctioned country, as one export market is closed off by trade restrictions,

prices fall and the excess product is absorbed partially by increased domestic

consumption, and partially by increased exports to other markets. However, with

diversified export markets, the price decline experienced by the sanctioned

country is less than what it would have been if alternative export markets were

not available for the targeted commodity. It is the ability to export to other

markets that mitigates the economic cost of the sanctions.7

There are only two ways that producers in the sanctioned country will not

experience a decline in price. The first is where the aggregate import demand

function for alternative markets can be considered infinitely elastic (i.e., where

the increase in supply has no effect on price). This can only be considered to be

the case when the increase in exports to alternative markets as a result of the

sanctions is extremely small relative to the total export market. While the threat

of sanctions is not credible in this case, such cases are likely to be sufficiently rare

to be of little interest.

The second way that a country can expect to suffer only a minimal price

decline when sanctions are imposed is when the market in the country imposing

the sanctions and the alternative export markets for the product are integrated.

This case is likely to be much more common and it is possible to empirically test

for evidence of price integration across markets.

Market integration implies that an equilibrium price will prevail across

markets and although short-run price deviations, such as that caused by an

embargo, are possible the markets will regain the equilibrium. Integration is

important because it bears directly on the credibility of trade threats. The time of

adjustment to the equilibrium is important because short-run disruptions can have

devastating effects on individual firms, even if markets are integrated.

For integrated markets, prices in each country must follow a similar pattern. It

is the pattern of prices across countries that forms the basis for developing a

statistical procedure for testing integration (Granger, 1986). As an example of this

procedure, the markets for frozen cod fillets in the European Union (EU) and US

are examined. Frozen cod fillets are exported by Norway to markets in both the

7 For a discussion of product displacement, see Kerr (1988), and Kerr and McGivern (1991).

6 Of course, costs will be imposed on the economy imposing the sanction. Part of the disruption to

exports will be taken up by increased consumption by consumers in the exporting country as prices

fall. The rest will have to be absorbed through reduced production. The degree to which each takes

place depends upon the slopes of the domestic demand and supply curves.

5 We will assume that the trade sanction applied is an embargo Ð the maximum penalty available.

Clearly, the Pelly Amendment gives the President discretion over the degree of sanction applied.
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EU and US. Under Pelly, Norwegian frozen cod fillets could likely be a fish

product targeted by US trade sanctions.8

Procedures for testing integration or co-integration of prices across countries

are based on time series techniques (Hendry, 1986). If the price of some

commodity is stable over time it will have a well-defined mean and variance.

As such, the behavior of the price series is predictable and is referred to as being

stationary. However, most economic time series tend to change over time and

thus are not characterized by stationary properties, and are not predictable. In

some cases, it is possible to make the series stationary if differenced (d) one or

more times, and these series are defined as integrated stationary series. Where the

order of integration is set by the number of times the series is differenced to

obtain stationarity ( � I(d)).

Co-integration extends the single series concept of integration to considera-

tion of two or more series. Suppose we have two price series and each must be

differenced once to achieve integrated stationarity. We know that each individual

series will change in an unstable and unpredictable way, however, it is possible

that the difference between the two price series will change in a stable way. In

other words, the difference between the two series represents a stationary or co-

integrated process even though the individual series themselves are not sta-

tionary. If this is true, the two price series must be subject to similar external

forces, which maintains the co-integrated equilibrium. The co-integrated process

defines the long-run relationship between the prices (see, Dickey, Jansen, &

Thornton, 1991).

Identifying a co-integrated system does not limit the possibility that individual

prices may deviate substantially in the short run. One advantage of the new time

series techniques is that if a long-run price system is observed, the short-run

dynamics for a system of prices can be modeled using a so-called error-correction

system. The error-correction model accounts for changes in current and lagged

values of the individual price variables, as well as, an error-correction variable

that maintains the long-run equilibrium defined by the co-integrated system

(Gordon, Salvanes, & Atkins, 1993).

A general error-correction model can be written as (Eq. (1)):

DYit � ÿrZitÿ1 � lagged�DXit;DYit� � eit �1�
where D is the difference operator, Y and X represent the prices of frozen cod

fillets in US and EU markets, Zitÿ1 or error-correction term, represents random

deviations from the co-integrated equilibrium and, DXit and DYit represent short-

run price dynamics.

For the case at hand, if the price of frozen cod fillets in EU and US markets are

co-integrated, one would expect that due to profit-maximization and commodities

arbitrage between markets as prices change, the prices of these products should

8 Gordon and Hannesson (1996) provide a full description of the testing procedures used here.
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follow a similar pattern. For frozen cod product, which is storable, the oppor-

tunity for arbitrage across markets seems likely. This means that the price of

frozen cod fillets in EU markets cannot diverge too far from the price of the

product in the US market before market forces operate to restore a balanced price

relationship across all markets. Hence, while short-run price deviations are

possible, a co-integrated EU and US price system for frozen cod fillets indicates

that the threat of US trade sanctions against Norway would have no economic

credibility because supplies of Norwegian cod diverted to the EU market would

not depress EU prices.

The empirical procedure is first, to test for evidence of stationarity in

individual prices, pi. A number of statistical methods are available to examine

the probability distribution but application of the ADF statistic is common and

used here (Dickey & Fuller, 1979). The ADF statistic is derived from Eq. (2):

Dpit � bo � bT � spitÿ1 �
Xk

g�1

agDpitÿg � et �2�

where D is the difference operator and T is a time trend. The lag length, k, is set to

achieve white noise in the error term. The null hypothesis is that the series is non-

stationary and tested based on the ratio of s to its standard error.

Next, to test for evidence of price co-integration a Johansen (1988) procedure is

used. This procedure relies on the theory of multivariate analysis to identify long-

run price relationships. The price data are divided into a differenced and a levels

part. Under the assumption of first difference stationary processes, the differenced

data are stationary. The technique of canonical correlations is used to find linear

combinations of the data in levels that are as highly correlated as possible with the

differences. It follows that these linear combinations must be stationary, or co-

integrated. The Johansen approach allows for testing linear restrictions on the co-

integrating vectors. Finally, to measure short-run price dynamics across the

different markets an error-correction model is specified and estimated.

The Johansen procedure for co-integration is based on a vector autoregressive

(VAR) representation. A vector, Pt, containing the N price variables of interest is

defined by a vector autoregressive system of equations:

Pt �
Xkÿ1

i�1

PiPtÿi �PkPtÿk � m� et; �3�

where each Pi is a (N � N) matrix of parameters, m is a constant term, and et � iid

(0,V). The system of equations can be written in error-correction form as;

DPt �
Xkÿ1

iÿ1

GiDPtÿi � GKPtÿk � m� et �4�

with Gi = ÿI + P1 + . . . + Pi and i = 1,. . ., kÿ1. Hence, GK is the long-run

solution to Eq. (3). If Pt is a vector of first difference stationary variables, then the
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left-hand side and the first (kÿ1) variables on the right-hand side of Eq. (4) are

stationary and the error term, et is by assumption stationary. Hence, either Pt

contains a number of co-integrating vectors or GK must be a matrix of zeros. The

rank of GK, defined by r, determines how many linear combinations of Pt are

stationary. If r = N, the variables are stationary in levels; if r = 0, there exist no

linear combinations which are stationary. When 0<r<N, there exists r co-

integrating vectors, or r stationary linear combinations of Pt.

Johansen shows that it is possible to test for the number of significant vectors,

r, using two alternative tests; the Trace test (hr) and the Maximum Eigenvalue

(xr) test. The Trace test is a likelihood ratio test for at most r co-integrating

vectors (Eq. (5)):

hr � ÿT
XN

i�r�1

ln�1ÿ li� �5�

where T is the number of observations, and the l̂i, are the eigenvalues that solve

the eigenvector problem. The Maximum Eigenvalue test, is a test of the null

hypothesis of r + 1 co-integrating vectors against the alternative hypothesis of r

co-integrating vectors (Eq. (6)):

xr � ÿT ln�1ÿ lr�1�: �6�
The data used in the empirical analysis are import prices of frozen cod fillets in

three EU countries: France, Germany, and the UK, as well as the US. The European

data were collected from Eurostat and represent quantity and value of monthly

imports listing countries of origin and countries of destination. The US data were

obtained from the US Department of Commerce and represent monthly import

quantities and value in US dollars. The value of US imports were converted to

ECUs using monthly exchange rates published by the IMF. The data series cover

the period from January 1980 to December 1992, with a total of 156 observations.

In Table 2, the test results for stationarity in individual prices are reported. In

column two of Table 2, the ADF statistic for each price series is listed. The

^

^

Table 2

Univariate stationarity tests: ADF statistic frozen cod fillets

Variable Stationary in pricesa Stationary in first differencesb

PUS
c ÿ2.56 ÿ3.42

PUK ÿ2.55 ÿ2.72

PF ÿ2.43 ÿ3.90

PG ÿ2.67 ÿ4.62

a The critical values for the Augmented Dickey± Fuller (ADF) test with trend is: 90% ÿ3.13

(Dickey & Fuller, 1979).
b The critical value of the ADF test without trend is: 90% ÿ2.58.
c The subscripts of P represent the price of frozen cod fillets in the United States (US), United

Kingdom (UK), France (F), and Germany (G).
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critical point for evidence of stationarity is ÿ3.13 or smaller. Given this, Table 2

shows that for each price the ADF statistic is too large to be consistent with

stationarity and, as such, the underlying probability distribution for each price

series is changing in an unstable way overtime. In column three of Table 2, the

ADF statistic is reported for the first-differences of each price series. The critical

point for evidence of stationarity in first-differences is ÿ2.58 or smaller. Now, for

each price series in first differences, the ADF statistic is consistent with a

stationary process and implies a well-defined probability distribution that governs

the behavior of the first-differenced prices.

In Table 3, the Johansen test results for co-integrated prices across markets

are reported. The Trace test reported in the first half of Table 3, tests the null

hypothesis that the number of co-integrating vectors is less than or equal to

k (k = 0,1,2). The Maximum Eigenvalue test reported in the bottom half

of Table 3 tests the null hypothesis that k = 0 against the alternative

hypothesis that k = 1, and so on. The results for the two tests are consistent

and show that two co-integrating vectors exists for the system of frozen cod

prices. In other words, there does appear to exist a long-run relationship

among frozen cod prices in EU and US markets, and this is consistent with a

conclusion that the threat of US trade sanctions on Norwegian frozen cod

fillets is not credible.

There still exists the possibility that frozen cod prices in each country's market

can deviate from the equilibrium path in the short run. The final phase of testing

is to investigate the short-run dynamics of frozen cod prices. This requires that a

separate error-correction equation be specified for each market. Various specifi-

cations of the models were estimated and lag structures tested. The final

estimated models are reported in Table 4.

Table 3

Johansen test for co-integration: cod fish prices in US, UK, Germany, and France

(i) Trace test

H0
a Test statistic Critical valueb 95%

k = 0 87.8 47.2

k = 1 37.4 29.5

k = 2 9.4 15.2

(ii) Maximum Eigenvalue test

H0, Ha Test statistic Critical valueb 95%

k = 0, k = 1 50.4 27.2

k = 1, k = 2 27.9 20.8

k = 2, k = 3 6.9 14.0

a Tested against a general alternative. k = number of co-integrating vectors.
b See Johansen and Juselius (1990).
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The first column in Table 4 shows the results for the US equation, whereas

columns three, four, and five show the results for the UK, France, and German

equations, respectively. A robust conclusion for all models estimated is that the

lag structure of prices is short and not exceeding a 1-month lag. This implies

that short-run dynamic adjustments in this market occurs rapidly and if one

market price deviates `̀ too far'' market forces operate to restore the equilibrium

balance quickly.

Noticeably absent in all three European equations is changes in the US frozen

cod price impacting on the current European market price (i.e., the US price is not

observed to be a statistically significant factor influencing short-run price

determination in any of the three European countries). We interpret this result

to imply that changes in the US frozen cod price have no short-run impact on

European markets. More importantly for the Norwegian case, however, is that in

the US equation it appears that European prices have no statistical impact on

short-run frozen cod prices in the US market. Consequently, from the models and

data used in this research, we observe no evidence of short-run price interaction

between US and European markets. However, the significant error-correction

term (Ztÿ1) in all four equations does ensure that a long-run price balance prevails

across US and European countries.

These results suggest that Norway could safely ignore the threat of Pelly trade

sanctions on its frozen cod exports. Norwegian product normally shipped to the

US could be moved to European markets and EU±US arbitrage would ensure

that any price declines in EU markets as a result of increased Norwegian

shipments would be short lived.

Table 4

Error-correction models: frozen cod fillets

Dependent variables

Independent variables DPUS
a DPUK DPF DPG

Ztÿ1 ÿ0.0957

(0.0323)b

ÿ0.5939

(0.0785)

ÿ0.32814

(0.0756)

ÿ0.6897

(0.0727)

DPUK ± ± 0.21352

(0.0744)

±

DPUKÿ1 ± ± 0.10575

(0.0757)

±

DPF ± 0.17988

(0.0744)

± 0.25376

(0.105)

DPFÿ1 ± ± ÿ0.2698

(0.0776)

±

DPG ± 0.0923

(0.0456)

0.1075

(0.0448)

±

a D represents the change transformation. The subscripts of price (P): United States (US), United

Kingdom (UK), France (F), and Germany (G). Lagged co-integrating error term (Ztÿ1).
b Standard error are in the parentheses.
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5. Conclusion

In a world market, if fish prices are well integrated in the sense that a co-

integrated system of prices exist, then trade restrictions against a specific supplier

by a major importing country will result in shocks to the price system. These

shocks, however, would not be long lasting. Other foreign suppliers would

respond to price signals and arbitrage across markets would occur. Consequently,

although short-run shocks cannot be avoided, one would expect that in a co-

integrated system, the imposition of an embargo or other trade restrictions by a

fish importer would neither have a significant impact on the price of fish nor

impose large costs on the exporting country.

The results of this study suggest that the 1993 threat of the imposition of Pelly

trade sanctions on frozen cod exports from Norway was not credible. The

imposition of an import embargo in Norwegian frozen cod would not have

caused long lasting economic damage to the Norwegian industry. There is

empirical evidence of a long-run equilibrium between US and EU prices, and

consequently, trade restrictions by the US would have had only a short-run

impact on prices in the world frozen cod market with prices eventually returning

to the equilibrium path.

The example presented is, of course, only one Norwegian export to which

Pelly sanctions could be applied. A complete analysis would require that the

entire list of products that were threatened with sanctions be examined. Given the

modest data requirements of these tests (i.e., product prices), such analysis could

be conducted. Of course, if markets are found not to be integrated or short-run

price distortions persistent, then a threat must still be assessed on the basis of the

political will in the threatening country to carry out its threat and whether

protection from the WTO will be forthcoming.
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